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Improvement of the Local Tolerance of a Potassium 
Penicillin G Formulation for Injection 
By Vivi Dall and Jan Luthman 

Dall, V. and J. Luthman: Improvement of the local tolerance of a potassium pen
cillin G formulation for injection. Acta vet. scand. 1988, 29, 101-107. -The dama
ging effect at the injection site (muscle) of a series of different preparations of pe
nicillin C with increasing content of citrate buffer has been investigated in rabbits 
in order to improve the local tolerance of the drug preparation. The injections we
re given in M.sacrospinalis and 3 days after injection the animals were sacrified 
and the areas of necrotic muscle tissue were isolated and weighed. The damage 
from the different preparations was determined on the basis of these weighing re
sults. It was concluded that Novocillin 3.15 g and 6.3 gin 20 ml aqueous solution 
could be improved by adding 3x the original content of citrate buffer to the prepa
ration resulting in a 380Jo decrease of the mean weight of necrotic areas at the injec
tion site. Moreover, it was shown that the mean weight of necrotic areas at the in
jection site was diminished by 41 % when injecting the improved 6.3 g concentra
tion in a volume of 0.1 ml compared to injecting the improved 3.15 g concentra
tion in a volume of 0.2 ml, which provides the same dose of penicillin G. 

citrate buffer; necrosis; rabbits. 

Introduction 
In veterinary medicine antibiotics are often 
administered intramuscularly. Intramuscu
lar injections may cause damage by disten
sion and disruption of the tissue, especially 
when large volumes are injected. Of major 
importance is however that some antibiotics 
possess a strong irritating effect, which often 
is the main cause to the observed damage. 
The local toxicity of selected antibiotics and 
some frequently used vehicles was studied by 
Rasmussen & Hegh (1971), Rasmussen & 
Svendsen (1976) and Svendsen (1972). The 
local irritating effect of penicillins was 
found to be small, while tetracyclines caused 
severe local reactions described as necrosis, 
hemorrhages and fibrosis. Similar reactions 
after injection of oxytetracycline was descri
bed by Imme/man et al. (1978). 

Novocillin vet. (injectable potassium peni
cillin G) was introduced at a time when the 
local muscle damage caused by intramuscu
lar drug preparations did not receive much 
attention. In a preliminary pharmacokinetic 
study in cows and pigs receiving high doses 
twice daily for 5 days the muscle damage ob
served at the injection site was considered 
unacceptable for todays's requirement. The 
present studies in rabbits were performed 
with the aim to minimize the local damaging 
effect of the preparation. 

Material and methods 
The rabbit model 
Young New Zealand White rabbits of either 
sexes, weight 2.5-3 kg, were used. They were 
housed individually in cages and were trai
ned to be familiar with the handling proce-
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<lures during the last 14 days before the start 
of the study. 
For each study the animals were divided ran
domly with respect to weight into groups of 
4, one group for each test preparation. The 
skin on the back was shaved 24 h before the 
injection. Each animal recieved one single 
intramuscular injection of 0.2 ml of the ac
tual preparation. The injection was given by 
using a disposable syringe of 1 ml and a 
needle, B-DR 260 3/8 (0.45 · 10 mm), inser
ted centrally into the right M.sacrospinalis 
about 20 mm from the central spinal line and 
2/3 of the distance from the crest of ileum to 
the last rib. This corresponds to the broadest 
part of the rabbit when it is placed on the 
ventral part of the body with the hind legs 
drawn downward-outside the table and fixed 
by an assistant with one hand on the neck 
and the other on the loin. With fixed cutis 
the needle was inserted perpendicularly to 
the surface. After injection the neddle was 
withdrawn avoiding pressure or massage. 
Three days after the injection the rabbits we
re anaesthetized with 50 mg/kg of pentobar
biturate intravenously and killed by exsan
guination. The injected muscle was isolated 
using dissection and the injection site locali
zed over a light cabinet. Macroscopic dama
ges were examined by slicing the muscle. 
Areas of necrotic muscle tissue were isolated 
by careful separation from surrounding tis
sue and weighed. 

Preparations 
1. lnj. Novocillin 3.15 g (potassium ben

sylpenicillin 3.15 g, sodium citr.dibasic 
18 mg, sodium citrate 95 mg) dissolved 
in 18 ml of sterile water giving a solu
tion of 20 ml. 

2-7. Preparation 1 added 50%, 100%, 
200%, 300%, 400% and 600% more of 
its original content of citrate buffer. 
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8. Inj. Novocillin 6.3 g (potassium bensyl
penicillin 6.3 g, sodium citr .dibasic 36 
mg, sodium citrate 190 mg) dissolved in 
18 ml of sterile water giving a solution 
of 22 ml. 

9. Preparation 8 added 300% more of its 
original content of citrate buffer. 

10. lnj. Novocillin 6.3 g dissolved in 16 ml 
of sterile water giving a solution of 20 
ml. 

11. Preparation 10 added 3000/o more of its 
original content of citrate buffer. 

Experiments 
A series of experiments were performed with 
the following aims: 
Exp. 1.: To compare the local irritating ef
fect of Novocillin 3.15 g and each of its com
ponents diluted to the same concentrations 
as they were found in the original prepara
tion. 
Exp. 2.: To compare the effects of Novocil
lin 3.15 and 6.3 g. Both preparations were 
diluted in 18 ml of sterile water. 
Exp. 3-5.: To compare the effect of Novo
cillin 3.15 g diluted in 18 ml of sterile water 
and added increasing amounts of its citrate 
buffer content (preparations 2-7). 
Exp. 6.: To compare the effect of Novocil
lin 3.15 g and 6.3 g (the original prepara
tions) and the same preparations added 3x 
the original citrate buffer content (the im
proved preparation). All preparations were 
dissolved in 18 ml of water. 
A study of the effect of the improved 6.3 g 
preparation dissolved in 16 ml of water was 
also included. 
Exp. 7.: To compare the effects of the im
proved 3.15 and 6.3 g preparations dissolved 
in 18 ml of water. 
The ANOVA 1 test and Tukey's test were 
used for the statistical evaluations. 
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Tab 1 e 1. Mean weights and range of necrotic muscle tissue at the 
injection site 3 days after i.m. injection of 0.2 ml of Novocillin and 
its content of penicillin G and citrate buffer (the same concentra-

tion as in the Novocillin preparations) into rabbits. 

Results 

Preparation 

lnj. Novocillin vet 
3 .15 g dissolved in 
18 ml of sterile water 

Penicillin G 
(Concentration as in the 
Novocillin preparation) 

Citrate buffer 
(Concentration as in the 
Novocillin preparation) 

The results of the experiments are summari
zed in Tables 1-5. Injection of Novocillin 
3.15 g dissolved in 18 ml of sterile water cau
sed damage at the injection site as shown by 
the presence of a large and well-defmed nec
rotic area. From the results shown in Table 1 
it seems clear that penicillin G caused the 
muscle necrosis as there were only small dif
ferences in weight between the necrosis cau
sed by penicillin G and the Novocillin prepa
ration. 
The results shown in Table 2 indicate that 
the concentration of penicillin solution is of 

Weight (g) of isolated necrotic 
muscle tissue (Mean and range) 

0.829 
(0.585-1.160) 

0.953 
(0.333-1.465) 

0.006 
(too small for isolation - 0.022) 

importance for the development of the tissue 
damage, as the weight of the necrotic tissue 
was higher after 6.3 g Novocillin than after 
the 3.15 g preparation. The difference in 
weight was 399/o. 

. As shown in Tables 3-6 the weight of the nec
rotic tissue was reduced by increasing 
amounts of citrate buffer. When the effect 
of the original Novocillin 3.15 g was compa
red with a preparation added 3 times more 
citrllte buffer, the difference in weight be
tween the necrotic tissues was statistically 
significant (p<0.05). The difference in 
weight was 459/o (Table 3). 

Table 2. Mean weights and range of necrotic tissue at the injec
tion site 3 days after i.m. injection of 0.2 ml of Inj. Novocillin vet. 
3.15 g and 6.3 g (both dissolved in 18 ml of sterile water) into rab-

Preparation 

lnj. Novocillin vet 
3 .15 g dissolved in 
18 ml of sterile water 

lnj. Nocovillin vet 
6.3 g dissolved in 
18 ml of sterile water 

bits. 

Weight (g) of isolated necrotic 
muscle tissue (Mean and range) 

0.801 
(0.556-1.093) 

1.115 
(0.765-1.137) 
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Tab 1 e 3. Mean weights and range of necrotic tissue at the injection site 3 
days after i.m. injection of 0.2 ml of different Novocillin preparation into 

rabbits. 

Weight (g) isolated necrotic muscle tissue 
Preparation (Mean and range) 

Experiment 3 Experiment 4 Experiment 5 

Novocillin 3.15 g 0.881 0.838 
in 18 ml of sterile (0.404-1.139) (0.518-1.072) 
water (1) 

(1) added 500Jo 0.875 
more of citrate (0.731-0.996) 
buffer 

(1) added lOOOJo 0.814 
more of citrate (0.632-0.895) 
buffer 

( 1) added 2000Jo 0.679 0.597 0.669 
more of citrate (0.656-0. 704) (0.336-0. 739) (0.449-0.835) 
buffer 

(1) added 3000Jo 0.461 * 
more of citrate (0.405-0.543) 
buffer 

(1) added 4000Jo 0.420 0.486 
more of citrate (0.206-0.533) (0.285-0.628) 
buffer 

(1) added 6000Jo 0.393 
more of citrate (0.255-0.588) 
buffer 

*Significantly different from the original preparation (ANO VA 1 and Tu
key's test. p < 0.05). 

Similar results were obtained in Experiment 
6 (Table 4). In this experiment the reduction 
was 38%. Also this difference was statisti
cally significant (p < 0.05). As shown in Ta
ble 4 the tissue irritating effect of the 6.3 g 
Novocillin preparation was also significant
ly reduced (p <0.05) when 3 times more ci
trate buffer was added. No difference was 
observed when the improved 6.3 g prepara
tion was dissolved in 16 and 18 ml of sterile 
water. From Table 5 it can be seen that also 
the injected volume is of importance for the 
severity of the tissue damage. Injection of 
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0.2 ml of the improved 3.15 g Novocillin pre
paration caused a more severe necrosis than 
0.1 ml of the improved 6.3 g preparation. 

Discussion 
A number of different techniques have been 
used for the study of local toxicity of drug 
preparations intended for intramuscular in
jection (Rasmussen & Hegh 1971, Rasmus
sen & Svendsen 1976, Svendsen et al. 1979, 
Steiness et al. 1978). In the present study the 
rabbits were killed for necropsy 3 days after 
the injections, when, as described by Svend-
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Sammanfattning 
FiJrblittring av den lokala toleransen av en Penicillin 
G-beredning fiJr injektion. 
Den vlivnadsirriterande effekten av en serie penicil
lin G formuleringar innehllllande stigande mlingder 
av citrat buffer studerades hos kanin. Infektionema 
gavs i M.sacrospinalis. Kaninerna avlivades efter 3 
dagar och skadade muskelpartier isolerades och vlig
des. Det visades att den lokala toleransen hos Novo
cillin 3.15 g och 6.3 g kunde forblittras signifikant 
om innehfillet av citrat buffer okades 3000Jo. Den 
forblittrade formuleringen resulterade i en 380Jo-ig 
reduktion av vlivnadsskadorna. Det visades ocksA 
att 0.1 ml av den forblittrade 6.3 g formuleringen gav 
41 OJo mindre vlivnadsskador lin 0.2 ml av motsvaran
de 3.15 g formulering. 
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