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The  relationship between antibiotic milk concentrations and hactei.iological 
efficacy was investigated in groups of lactating cows with sulxlinical mastitis due 
to either penicillin G-sensitive o r  penicillin G-resistant Staklrylococcco. (iureio.. 
Treatments consisted of the intraniuscular injection of procaine penicillin C;, or 
its weak base ester penethamate hyclriodide, and sodium methicillin, o r  its weak 
base ester tamethicillin. Antibiotics were administered once d a i l y  lor 2 o r  4 clays 
at accepted dosages. 

After four daily, treatments with procaine penicillin G and penetli;uiiate 
hydriodide, infections were eliminated From 56.5% mid 68.8%. respectively, of 
quarters infected with penicillin G-sensitive staphylococci. and from 14.3% and 
7.7%. respectively, of quarters infected with penicillin G-resistant staphylococci. 
After Four daily treatments with sodium methicillin and tamethicillin, infections 
were eliminated from 32.4% and 48.6%. respectively, of quarters infected with 
penicillin G-resistant staphylococci. The  better ef'licacy of penethamate hydri- 
odide and tamethicillin was considered to be linked to the higher milk d rug  
concentrations obtained with these drugs as opposed to the lower concentrations 
measured in the milk after treatment with the parent drugs. Cure rates were  
generally higher after treatment for 4 days than after the 2-day course of 
therapy. Treatment efficacy decreased progressively with increasing age of the 

Intramuscular treatment of subclinical staphylococcal mastitis in lactating cows 
can serve as a useful model for screening existing and new antibacterial agents 
and drug products intended for the parenteral treatment of clinical staphylo- 
coccal mastitis. 

Dr G.  Ziv. Ministry vf Agricullure, Kimron Velerinaiy Irutilute, Bet-Daguri, Ismel. 

cows. 

I N T R O D U C T I O N  Plommet & LeLouedec, 1975; Funke, 1982). 
Failures in intramanimary therapy are due  to 

Intramammary treatment is the most corn- poor or uneven distribution of the d rug  
nion method of treating bovine mastitis with throughout the udder parenchyma, and to 
antibiotics. In streptococcal mastitis, and in the compression o r  blockage of the milk duct 
some staphylococcal mastitis, such therapy system by inflammatory products (Pattison, 
usually results in a clinical cure. but the 1958; Ullberg el al., 1958). Furthermore, 
bacteriological cure rate is low (Mercer, 197 1; staphylococci are tissue invaders, and 
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This model has several advantages over the 
clinical mastitis model: (i) it  is safe and reaclily 
available; (ii) sensitivity of the isolates to the 
antibiotics to be tested can be determined 
quantitatively, in ternis of MlC values, ahead 
of treatment; (iii) it permits the design of 
prospective treatment regimens using selected 
drugs and/or their analogues of known 
pharmacokinetic properties in the udder: (iv) 
it uses well-defined and accepted niethod- 
ology for the definition of infection and cure, 
and (v) as a research tool, total expenditure is 
relatively low, and is niainly confined to the 
cost of drugs and discarded milk. 

The  present report deals with the rela- 
tionship between antibiotic milk levels and the 
efficacy of penicillin G, methicillin and their 
respective lipophilic esters in eliminating 
penicillin G-sensitive and penicillin G- 
resistant staphylococci from the udders of 
lactating cows after i m .  administration for 2 
and 4 consecutive days. 

iritracisternally administered drugs may be 
unable to gain access to these organisms. 
Theidore,  bacteriological failures may occur, 
even when the organisms are sensitive to the 
antibiotics used (Platonow & Blobel, 1963). In 
acute mastitis, systemic treatment as an  ad- 
junct to intramammary treatment has been 
advocated as a means of overcoming these 
problems (Swabrick, 1966; Uvarov, 1970; 
Ziv, 1975; Giesecke, 1977) and, occasionally, 
as the only route of administration (Sadek, 
1954; Funke, 1961, 1982; Rasrnussen, 1964; 
Schipper, 1967; Backstrom & Funke, 1978). 

The  optimal antibacterial and phar- 
macological properties of drugs intended for 
the systemic treatment of clinical mastitis have 
been elucidated (Ziv, 1975, 1980a, b). At least 
four requirements must be fulfilled in order 
to eliminate the infecting agent: (i) the infec- 
tive agent should be sensitive to the drug; (ii) 
drug distribution throughout the udder 
should be good; (iii) drug concentration in the 
udder o r  milk should exceed the minimal 
inhibitory concentration (MIC) by a factor of 
one to ten depending on the minimal bacter- 
icidal concentration (MBC) value, and (iv) the 
duration of therapy should be sufficient to 
produce clinical improvement and the 
elimination of pathogens from the majority of 
cases (Funke, 1982). 

The  limited number of reports on the 
bacteriological efficacy of antibiotics adniinis- 
tered by the intramuscular (i.m.) route only in 
the treatment of clinical mastitis were critically 
reviewed (Ziv, 1980a; Funke, 1982). I t  was 
concluded that, although the results did not 
seem to lend support to the proposed optinial 
criteria for the rational selection of antibiotics 
for parenteral mastitis therapy, more data 
were needed for an evaluation of the efficacy 
of the parenteral route before it could be said 
that the accepted principles of antibacterial 
chemotherapy are not applicable in the case of 
mastitis (Ziv, 1980a). 

Although subclinical staphylococcal mastitis 
in lactating cows is treated almost exclusively 
by the intramamniary route, the parenteral 
route can serve as a useful model for testing 
the validity of the principles for tiie rational 
selection of antibiotics intended for the treat- 
ment of clinical mastitis, particularly if the 
final objective is elimination of the causative 
agents and not merely clinical improvement. 

MATERIALS AND M E T H O D S  

Cows and h e d s  

Studies were conducted during 1982-1983 
on 2 13 clinically normal Israeli Holstein cows. 
Cows were located in eight dairy herds and 
were housed, fed and milked under the usual 
local conditions. In several herds cows were 
milked twice daily, and in others three times 
daily. Post-milking teat disinfection, using an 
approved germicidal teat dip, was used in 
each herd. The  status of udder health in each 
herd was known from results of bacterio- 
logical tests conducted periodically on aseptic- 
ally collected milk samples. Cows selected for 
the tkial were in their third to sixth month of 
lactation, and were all infected subchically 
with Slapliylococcus aweits in at least one 
quarter of the udder. Attempts were niade to 
select similar proportions of infected cows 
which were in their first, second, third, and 
fourth o r  subsequent lactations. 

Antibiolic sensitivily lesls 

All S. ~ ~ L M Z L F  isolates recovered from the 
udders of the cows selected were tested for 
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their sensitivity to penicillin G and methicillin 
using the paper disc method (Barry el ul., 
1970). Approximately 50% of the isolates 
were resistant to penicillin G and all were 
sensitive to methicillin. T h e  MIC of penicillin 
C, for twenty-five penicillin G-sensitive and 
thirty-eight penicillin G-resistant isolates was 
determined by the method of Barry & Sabath 
(1974). The  MIC of all the penicillin G- 
sensitive isolates was 6 O. 1 IU/ml, whereas the 
MIC for all the penicillin G-resistant isolates 
tested was 3 1.0 IU/ml. T h e  MIC of methicil- 
lin for thirty-five of the thirty-eight (92%) 
penicillin G-resistant isolates ranged from < 
0.1 to 0.5 pg/ml, and the MIC values for the 
remaining three isolates were either 1.0 or  2.0 
pg/ml. On the basis of these results, the cows 
were  classified as infected with either penicil- 
lin G-sensitive or  with penicillin G-resistant S. 
aureus. Cows which were infected in one 
quarter of the udder with a penicillin G- 
sensitive isolate and in the other quarter with 
a penicillin G-resistant isolate were excluded 
from the trial. 

Drugs and Irealnienh 

The  following drugs, each obtained from 
commercial sources as a dry powder, were 
used: (i) procaine penicillin G (Assia blaabarot 
Ltd, Israel); (ii) penethamate hydriodide 
(Mamyzin-Forte Krist, Boehringer Ingelheim 
Vetmedica GmbH, FRG); (iii) sodium methi- 
cillin (Sigma Chemical Co., St Louis, MO), and 
(iv) tamethicillin (Andreu Laboratories, 
Barcelona, Spain). 

All drugs were administered by a deep i.m. 
injection into the upper one-third region of 
the neck, either as an aqueous solution 
(sodium methicillin) or  as aqueous suspen- 
sions (the other three drugs). Multiple injec- 
tions were given at 24-h intervals. Cows in 
herds milking three times daily were treated 
for 2 days, and cows in herds milking twice 
daily were  treated for 4 days. T h e  four drugs 
were used in each of the eight herds, and in 
each herd approximately the same number of 
cows were injected with a given drug. The  
following standard dosesfcow/day were used: 
procaine penicillin G - 6 X lo6 IU; penetha- 
mate hydriodide - 5 x lo6 IU penicillin G 
equivalent; sodium methicillin - 5.0 g: 

tamethicillin - 5.0 g (equivalent to 4.0 g 
sodium methicillin). 

Milk sampling mid testing 

Duplicate quarter milk samples for 
bacteriological analyses were collected im- 
mediately before the first treatment, and 
again 3 4  weeks later, using accepted pro- 
cedures (Brown el d., 198 1).  Recommended 
criteria (Anon., 1982) for defining infection 
and cure were employed. Pool (jar) milk 
samples were collected from ten, twelve, eight 
and fourteen cows treated four times with 
procaine penicillin G ,  penethamate hydri- 
odide, sodium methicillin and tamethicillin, 
respectively, at 3, 6, 12 and 24 h after each 
treatment. Concentrations of penicillin G and 
methicillin in the samples were determined by 
microbiological assay using a paper disc, agar 
diffusion procedure (Grove & Randall. 1955). 

RESULTS 

Two and four i.m. injections of procaine 
penicillin G at  24-h intervals eliminated infec- 
tion from 56.5% and 48.9% of quarters 
subclinically infected with penicillin G- 
sensitive S. aureus, but the cure rate among 
quarters infected with penicillin G-resistant S. 
a u r m  was < 15% (Table I) .  T h e  administra- 
tion of penetharnate hydriodide to cows with 
subclinical mastitis due to penicillin G- 
sensitive S. aureus eliminated infection from 
62.7% and 68.8% of quarters, but was rather 
ineffective in eliminating infections from 
quarters infected with penicillin G-resistant S. 
aureus (Table 11). Methicillin therapy elimin- 
ated 24.4% and 32.4% quarter infections, and 
treatment with tamethicillin eliminated 20.0% 
and 48.6% quarter infections due to penicillin 
G-resistant S. aureus (Table 111). 

Concentrations of penicillin G and methicil- 
lin in milk are depicted in Fig. 1 ,  and ranges 
of drug concentrations are given in Table IV. 
Mean peak penicillin G concentrations after 
treatment with penethamate hydriodide were 
eight to ten times higher than after procaine 
penicillin G therapy. Lowest concentrations of 
penicillin G were observed 24 h after treat- 
ment, but mean nadir levels after treatment 
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TABLE 1. Efficacy of intr;imuscular itijection of procaine prnicillitl <; in the tre:ttillet,t of 
subclinical mastitis in lactating cows associated with penicillin (;-sensitive anti penicillin 

G-resistant S/<iplis/ocorcu.s ciiireuc (dose = 6 x 10" 11~/cow/tl;iy) 
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No. of infections '% infections 
Sensitivity Duration of before t rea tinen t eli~niti;itctl 
of isolates treatment 
to penicillin G (days) Lxtation c o w s  Quarters <;ows QlI.1rICI.S 

(a) Sensitive 2 1 S t  3 3 33.3 33.3 
"lld 9 14 33.3 57. I 

4th & nlore 3 6 33.3 66.7 
All 15 23 $3.3 56.5 

4 

(b) Resistant 2 

4 

1st (i 5 66.7 80.0 
'lld 7 1 0  42.9 40.0 
3rd n 12 37.5 50 .0  

4th 8c niore I 1  i n  36.4 44.4 
All 32 4 5 -I$.(; in.<) 

1 St 3 5 0.0 "0.0 
2lltl 5 7 0.0 0.0 
3 rd 2 4 50.0 25.0 

4th 8c more 3 7 0.0 0.0 

1 S t  2 2 5 0 . 0  50.0 
2nd 2 3 0.0 0.0 
3 rtl 3 5 0.0 0.0 

4th & more 2 4 0.0 25.0 
All 9 14 1 1 . 1  14.3 

All IS 23 7.7 n.7 

with penethamate hydriodide were signifi- 
cantly (P < 0.05) higher than the correspond- 
ing values measured after treatment with 
procaine penicillin G. Mean peak milk methi- 
cillin concentrations after treatment with 
tamethicillin were 25-50s higher than the 
corresponding concentrations observed 
following sodium niethicillin therapy. Where- 
as niethicillin concentrations in milk de- 
creased very rapidly after treatment with 
sodium niethicillin to less than 0.1 pg/rnl, the 
lowest concentrations were 2 0.5 pg/ml after 
treatment with tamethicillin (Table IV). 

DISCUSSION 

The  overall bacteriological efficacy of i.m. 
administration of procaine penicillin G in the 
treatment of forty-seven cows having sixty- 
eight quarters subclinically infected with peni- 
cillin G-sensitive s. a u r a  (Table I) was very 
similar to the cure rate reported by Funke 

(1982) in ninety-seven similarly infected and 
treated cows. Sadek (1954) aclministered 
sodium penicillin G and procaine penicillin G 
(1/3 ratio) i m .  twice at 24-h intervals at 10,000 
IU/kg of body weight to six cows with chronic 
staphylococcal mastitis and reported that 
infection was eliminated from five (83.3%) of 
the treated cows. Additional reports are not 
available on the bacteriological efficacy of 
penicillin G, and data could not be found on 
the efficacy of penetharnate hydriodide, 
methicillin o r  tamethicillin in eliminating 
subclinical S. uureu infections in lactating 

Data obtained in the course of the present 
studies revealed a direct positive relationship 
between the sensitivity of S. aureus to penicillin 
G isolated before treatment, and the percent- 
age of infections eliminated by i.m. penicillin 
G and penethamate hydriodide therapy. 
Furthermore, treatment with the analogues of 
penicillin G and methicillin was clearly more 
effective in eliminating peiiicillin G-sensitive 

cows. 
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TABLE 11. Efficacy of intramuscular in.jection of penethainate hydrioclitle i i i  the treatment of 
subclinical mastitis in lactating cows assochted with penicillin (;-sensitive and penicillin 

G-resistant Staphybcoccrcr uitreus (dose = 5 x I 0" ~~/cow/ t tay)  

No. of infections %, infections 
Sensitivity Duration of before treatment eliminated 
of isolates treatment 
to penicillin G (days) Lactation cows Quarters cows Quarters 

( a )  Sensitive 2 1 St  4 6 100.0 100.0 
2nd 4 5 75.0 80.0 
3 rd 6 10 33.3 60.0 

4th & more 3 6 0.0 16.7 
All 17 27 (54.7 62.7 

4 1 St  6 8 83.3 87.5 
2nd 5 7 80.0 85.7 

4th & more 9 17 44.4 52.9 
All 20 32 65.0 68.8 

(b) Resistant 2 1st 2 3 50.0 33.3 
2nd 3 3 0.0 0.0 
3rd 2 4 0.0 0.0 
4th 4 6 0.0 16.7 
All 1 1  16 9.1 12.5 

4 2nd 3 3 0.0 33.3 
3rd 3 4 0.0 0.0 

4th & more 3 6 0.0 0.0 
All 9 13 0.9 7.7 

staphylococci and methicillin-sensitive staphy- 
lococci than treatment with the parent drugs. 
The  better efficacy of the analogues can 
perhaps be linked to the higher milk drug 
concentrations obtained compared to the con- 
centrations measured after the parent com- 
pounds were administered. 

Milk penicillin G concentrations observed 
by us after i.m. injection of procaine penicillin 
G were very similar to those reported by 
others (Sadek, 1954; Hovmand & Overby, 
1955; Hogh & Rasmussen, 1966; Schipper, 
1967; Van 0 s  el al., 1974) using a similar dose 
of the drug. Our  finding that milk penicillin G 
concentrations after treatment with penetha- 
mate hydriodide were considerably higher 
than after treatment with procaine penicillin 
G is in accord with previous studies 
(Hovmand & Overby, 1955; Hogh & Rasmus- 
sen, 1966; Schipper, 1967; Van 0 s  et al., 1974; 
Ziv, 1975, 1980a, b) and can be explained on 
the basis of the pH-pK passive diffusion 
principle which determines the movement of 
weak acids and weak bases across the blood- 

milk barrier (Ziv, 1975). T h e  better penetra- 
tion of methicillin into the milk, and the 
higher milk drug concentrations observed 
following tarnethicillin administration (Fig. l),  
can also be explained by the same principle as 
was noted in two earlier studies (Lazar0 el al., 
1979; Ziv el al., 1983). 

Following treatment with procaine penicil- 
lin G, the peak and nadir milk drug concen- 
trations ranged between 0.14 IUlml and 0.04 
IUlml, respectively (Table IV), i.e. at concen- 
trations equivalent to or 1.5 times greater than 
the MIC for twenty-five penicillin G-sensitive 
isolates, but much lower than the MIC for the 
thirty-eight penicillin G-resistant isolates 
tested. This course of treatment was effective 
in eliminating penicillin G-sensitive S. rciweiu 
quarter infections at rates (Table I) similar to 
cure rates reported following recommended 
courses of intramammary therapy using com- 
mercial products containing either penicillin 
G only or combinations with an amino- 
glycoside antibiotic (Mercer, 197 1; Plommet & 
LeLouedec, 1975; Funke, 1982). Treatment 



TABLE 111. Efficacy of intramuscular injection of methicillin and taniethicillin in the treatnient 
of sirbclinical niastitis in lactating cows associated with penicillin G-resistant SIU~~ IJ~UCUCCW U U ~ W . S  

(doses of methicillin and taniethicillin = 5.0 g/cow/day) 

Duration of 

~ ~~ 

No. of infections % infections 
before treatnient eliniinated 

treatment 
Antibiotic (days) Lactation cows Quarters cows Quarters 

Methicillin 2 I S t  

2nd 
3rd 

4th & more 
All 

4 2nd 
3rd 

4th & more 
All 

Tamethicillin 2 2nd 
3rd 

4th & more 
All 

4 1 S t  

2nd 
3rd 

4th & more 
All 

5 
8 
9 
6 

28 

6 
6 
8 

20 

4 
2 
9 

15 

6 
4 
8 
7 

25 

7 
1 1  
13 
10 
41 

13 
1 1  
13 
37 

7 
4 

14 
25 

7 
6 

I 1  
I I  
35 

20.0 
25.0 

0.0 
0.0 

10.7 

33.3 
33.3 
12.5 
25.0 

25.0 
0.0 
0.0 
6.6 

33.3 
50.0 
37.5 
28.6 
36.0 

42.9 
36.4 
15.4 
10.0 
24.4 

46.2 
36.4 
15.4 
32.4 

28.8 
0.0 

21.0 
20.0 

57.1 
50.0 
45.5 
45.5 
48.6 

I l l  I I l l  I I l l  I I 
3 6 12 243 6 I2 2 4 3 6  12 W 3 6  12 24 

Ti Tz Ta T* 

Hours in relation to treatments 

FIG. I. Mean concentrations of penicillin G and  methicillin in the milk of dairy co\vs ;tfter iiitraniiisciilar 
injectioii of ( 0 )  procaine penicillin  at 6 x 10" IU/COW. (0) penethain;ite Iiydriotlitte at 5 x 10" IU penicillin 
G equivalendcow. (W)  sodiuni methicillin at 5.0 g/cow, and (0) taiiietliicilliii at 5.0 g/c:/co\\~. once tlaily fbr 4 
days. 
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TABLE IV. Peak and nadir antibiotic concentrations in the inilk after intlamuscul;rr injection 
of procaine penicillin G, penethamate hydriodide, sodiuni methicillin and t;imethicillin once 

daily for 4 days 

Day 1 Day 4 

Peak Nadir Peak Nadir 

Antibiotic Mean SD Mean SD Mean SD Mean SD 

Procaine penicillin C 0.142 0.103 0.055 0.010 0.125 0.05 0.042 0.0 10 
Penthaniate hydriodide 1.20 0.36 0.10 0.01 1.12 0.04 0.15 0.06 
Sodium methicillin 0.66 0.08 0.07 0.02 0.70 0.10 0.0ti5 0.02 
Taniethicillin 0.72 0.12 0.50 0.08 1.18 0.17 0.55 0.07 

with penethaniate hydriodide resulted in 
fluctuating milk penicillin G levels equivalent 
to or  twelve times greater than the h1lC tor 
the penicillin G-sensitive isolates, but only 
near the MIC for very few o f  the penicillin 
G-resistant isolates. Penethaniate hydriodide 
im. therapy was thus substantially niore effec- 
tive than procaine penicillin G i.ni. therapy 
(Table I t ) ,  and niore efficacious than 
intramaniniary penicillin G therapy. 

After each trea tinen t with sodium m e  thicil- 
lin, d rug  concentrations equivalent to or 
higher than the MIC for the penicillin G- 
resistant isolates (0.5 pghil) were maintained 
in the milk for only 6 h (Fig. I ) ,  whereas 
niethicillin concentrations in excess of 0.5 
p g h l  were maintained in the milk for 24 h 
after each adniinistration of tamethicillin 
(Table IV). The  bacteriological efficacy of i.m. 
t&ethicillin therapy for 4 consecutive days 
was substantially higher than for a siniilar 
course of sodium methicillin administration 
(Table I I I). Intramuscular tamethicillin cure 
rates were siniilar to or better than those 
reported for intraniamrnary treatnient using 
conirnercial products containing the semi- 
synthetic isoxazolyl-type penicillins, like cloxa- 
cillin and oxacillin, in eliminating penicillin 
G-resistant staphylococci from the udders of  
subclinically infected lactating cows (Plonimet 
& LeLouedec, 1975; Funke, 1982). 

Results of numerous studies on  the 
bacteriological efficacy of parenteral antibiotic 
therapy in the managenient of clinical bovine 
rnastitis due  to Gram-positive pathogens were 

reviewed (Ziv, 1980a; Funke, 1982). In the 
niajority of these studies a progressive in- 
crease in cure rates was noted with the 
increase, from 2 t o  6 clays, in the duration of 
therapy. Furthermore, for a given course of 
therapy, the cure rate declined progressively 
with increasing cow's age. These relationships 
were generally observed in  the present study 
which used the subclinically infected cow 
niodel. Admittedly, it is rather questionable 
whether, in practice, a 4 4 - d a y  course of i.m. 
antibiotic therapy can be econoniically justi- 
fied for the treatment of subclinical 
staphylococcal mastitis in lactating cows. T h e  
model used in the present investigation can, 
however, be of value in screening existing, 
and particularly new, antibacterial agents and 
drug  products intended for clinical 
staphylococcal rnastitis parenteral therapy. 

REFERENCES 

Anon. ( 1  982) Cuidrliws for  Bovine A i i f i - M ~ i ~ / i / i s  Pro- 
ducts Used iir Lucfcitiirg Couis. Proposed by the 
National Mastitis Council Inc. to the BVM, FDA. 

Backstrom, G. & Funke, H. (1978) Palpatory 
observations and distribution of antibiotics in 
udders. S r w s k  Vefer;i["ifi~iirii:~, 30, 99-1 08. 

Barry, A.L., Garcia. F. 8c Thrupp, L.D. (1970) An 
improved single disc niethod for testing the 
antibiotic susceptibility of rapidly growing 
pathogens. A iiwricair Jo:o-iicil of Cliiiicul Puilrology, 
53, 149-158. 

Barry. A.L. 8c Sabath, L.D. (1974) Bacterial activity 
and activity of antimicrobics in combination. In 
Manila1 of Clinical MicrobioIo<gy, Eds Lenette, E.H., 



Spaulding, E.H. & Truan, J.P., 2nd edn, pp. 
43 1-435. American Society for Microbiology, 
Washington DC. 

Brown, R.W., Barnum, D.A., Jasper, D.E., Mc- 
Donald, J.S. & Schultze, W.D. (1981) Microbiolog- 
ical Procedures for Use iir tlw Dicigicosis of Bouiice 
Mustilk. 2nd edn. National Mastitis Council Inc., 
Washington DC. 

Funke, H. (1961) The distribution of :'."S-labelled 
knzylpenicillin in normal and mastitic mammary 
glands of cows and goats after local and systemic 
administration. A c h  Veteriiiriria Sccrirdiimuicri. 2, 

Funke, H. (1982) Practical experiments in the 
treatment of acute mastitis. In Proceediiigs, S w p -  
siuitr oir Mastilk Tho-akv. State Serum Veterinary 
Laboratory & Novo Industri AIS, Copenhagen, 
Denmark. 

Giesecke, W.H. (1977) The systemic therapy of 
clinical bovine niastitis. Jouiwil of /he S o u l  AJrirair 
Veleriimiv Associalioti, 48, 289-29 I .  

Grove, D.C. & Randall, W.A. ( 1  955) Assay Mrtliocls of 
Antibiotics. A Laboratoiy Matrucil, pp. 7-16. Medical 
Encyclopedia Inc., New York. 

Hogh, P. & Rasniussen, F. (1966) Manimary excre- 
tion of penicillin after intramuscular injection of 
Leocillin (penethamate hydriodide) and penicillin 
procaine to cows. Nordisk Vctrririar Medicine, 18, 
54 5-5 54. 

Hovmand, H.C. & Overby, A.J. (1955) Bacterio- 
logical effect and excretion of dipenicillin and 
Leocillin' after intramuscular treatnient. Merl- 

Iettublud f o r  Drtr Daiuke Dyrhegefvreiriirg. 24, 5 19- 
523. 

Lazaro, A., Badia, A., Castells, I., Ruiz, J. & Mane, 
E. (1979) Pharmacokinetic evaluation and mani- 
niary excretion of taniethicillin in the healthy 
goat. Attiericaii Jounral of Veteriiiaiy Research, 40, 
1173-1 176. 

Mercer, H.D. (197 1) Principles of niastitis chenio- 
therapy. In Proceedings, Naliotrd Mastitis Cuuircil 
Inc., Wnslritigtotr DC, pp. 30-35. 

Pattison, I.H. (1958) The progressive pathology of 
bacterial mastitis. Velpriiictry Rrcoi-d, 70, 114-1 17. 

Platonow. I. & Blobel, H. (1963) Therapeutic 
Failures in chronic staphylococcal mastitis. Jorirricrl 
of tlre Amencaii Vete i i i rq  Medical Associritioii, 142, 

Plommet, M. & LeLouedec, C. (1975) The role of 
antibiotic therapy during lactation in the control 

SUPPI. 1, 1-88. 

1097-1101. 

of subclinical and cliriical niastitis. In P~/JCttdi,lgS 
Semiitor oii Maslitis Coirlrol. Iiileriicrlioiml Dcrity 
Feuhfioir  Bulleliir 85, pp. 265-28 1. 

Rasmussen, F. (1964) Distribution of sulphona- 
mides in the mammary gland of cows after 
intranranimary and intramuscular application. 
Acla Veteriiwiia Scatrdiiiauica. 5. 347-36 1. 

Sadek, S.E. (1954) Penicillin concentration in 
bovine blood and niilk after intramuscular injec- 
tion and its application in the treatnient of 
mastitis. Jourirrrl of tlre Aiiieiicuti Vrtrriiuoy Mrdircil 
Assucicrtioii, 125, 887-390. 

Schipper, 1.A. (1967) Practical nlastitis chenio- 
therapy. Veteriiwi? Medicril Keuimi.r, B a y r  Leve- 
kuseii, 3 ,  257-275. 

Swabrick, 0. (1966) The use of parenteral 
erythromycin in the treatment of bovine mastitis. 
Veferinniv Record, 79, 508-5 12. 

Ullberg, S.. Hanson, E. & Funke, H. (1958) 
Distribution of penicillin in niastitis udders 
following intramammary injection, an auto- 
radiographic study. Aiiuricatr Jouriial of VrtrritioiT 
Research, 19, 84-92. 

Uvarov, 0. (1970) The role of therapy in mastitis 
(when and how to treat). I n  Ptoceediiigs, Nrr/ioticil 
MRslitis Couircil Atriiueil hfeeti/ig, Was/iitigloii DC, 

Van 0 s .  J.L., Buiterlaar. J.W. & Goudswaatd, J .  
(1974) Intramuscular treatment of bovine iiiasti- 
tis with various penicillins. I'enicillin concentra- 
tions in the niilk. Tijsrlrrifl vuor Diergeiterskiciicle, 
99, 114-122. 

Ziv, G. (1975) Pharniacokinetic concepts for syste- 
niic and intramuscular antibiotic treatment in  
lactating and d r y  cows. In Prureecliiigs Sritiitico. wi 

Mrrrtitk Coirtrol, lirteriirrlioiierl Daiiv Frclrrirtioii 
Biilletiii 85 ,  pp. 314-340. 

Ziv, G. (1980a) Drug selection and use in niastitis: 
systemic us local therapy. Joirrircil uf /lie Amerirciir 
Velei-haiy Afrdicnl Associci/ioii, 176. I 109-1 I 15. 

Ziv, G. (1980b) Practical pharniacokinetic aspects of 
niastitis therapy. [ I .  Practical therapeittic applica- 
tions. Vrtei-iimi? i\frdiciire/Siticdl Aitiaerl Cliiririuii, 
75, 469474. 

Ziv, G., Soback, S. & Bor. A. (1983) Concentrations 
of niethicillin in blood, normal niilk and mastitic 
niilk of cows after intramuscular injection of 
niethicillin and taniethicillin. Joio?rcrl of Vetrriirai? 
Plwri t iacolo~ W Tlirru/wiilics, 6 ,  4 1 4 8 .  

pp. 27-37. 


