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INTRODUCTION

The fundamentals of antibiotic therapy and labor 

atory investigations have been fully explored for more 

than a decade since penicillin was made available for 

general use. Investigators delved into their mode of 

action and factors influencing their activity and the 

correlation between in vitro sensitivity and clinical 

results. The properties, potentialities and limita

tions of antibiotics discovered in this brief span of 

time, guided the practitioner to correct and discrimi

nate use.

However, the search is still continuing for an 

ideal omnipotent drug, with no limitation as to its use 

The preparation of this paper was undertaken in 

an attempt to present a review of sensitivity testing 

of antibiotics in vitro and their stability in agar 

media, A mere fraction of the knowledge of in vitro

activity is presented here.



REVIEW OF LITERATURE

Antibiotic therapy has advanced the practice of 

medicine at a greater length than any other single fac- 

"tor of any of the previous centuries. Man accomplished 

ways and means of fighting the battle against infectious 

organisms. Through extensive laboratory and clinical 

investigation, greater amount of knowledge concerning 

the antibiotics and their uses came into being. At the 

present, clinicians are striving to acquire skill in the 

usages and effectiveness of these agents. Hence sensi

tivity tests were designed to determine appropriate 

antibiotics in therapy. These sensitivity tests are of 

utmost importance and this test must be relatively pre

cise, rapid and reproducible. Therefore, it is necessari

ly a known fact, that methods of testing should be stan

dardized and sensitivity tests should be used as a gen

eral qualitative guide, to distinguish the susceptible 

from resistant organisms. For these reasons a method
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was developed that will allow the preparation of an agar 

plate with a very gradual proportional increase of the 

antibiotic concentration along one horizontal axis - 

gradient axis (Cook and Morgan, 1957)• This method al

lows up to ten standardized bacterial suspensions to 

be placed parallel to the concentration - gradient axis 

on one gradient plate, and allows easy comparison of 

the sensitivities of various strains to a given anti

biotic since the length of the streak is a direct measure 

of the inhibitory concentration of the drug.

It is now obvious that recognition of the anti

biotic agent proved most active, in vitro or in vivo, 

against certain pathogenic organisms is only a fraction 

of the knowledge necessary to effectively combat in

fections. Therapeutic failures and untoward complica

tions will frequently ensue, unless proper consideration 

is given to such fundamentals as the mode of action of 

the antibiotics, the factor influencing antibiotic
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therapy, the role of the clinical laboratory in diagno

sis and treatment of infectious diseases. Important 

too, is the knowledge of the general characteristics of 

the antibiotics now in clinical and laboratory use.

The when, what and how of antibiotics is decided from 

a well-rounded knowledge of them (Hussar and Holley,

195k).

In vitro sensitivity differs from results ob

tained in vivo. Factors responsible for this discre

pancy are grouped into: (1 ) those influencing the acti

vity of the antibiotics, (2) those concerning the organ

ism, and (3) factors as yet unknown.

1. Environmental conditions for antibiotic ac

tivity differ in vitro and in vivo. Certain physical 

and chemical properties affect antibiotic activity.

These differ with the type and composition of culture 

media and may vary in body fluids, tissue and blood.

These variables may either enhance or deter antibiotic



activity. It is to be remembered that antibiotics may 

deteriorate during incubation and storage, as does aureo- 

mycin.

Surely the population of the specific organism 

upon which the antibiotics act is usually larger and 

denser in vitro than in vivo. Hence the chances for 

development of factors within the medium that may in

activate the antibiotic are increased, for example, the 

production of penicillinase in the use of penicillin. 

Therefore, it is obvious that results will differ in 

in vitro sensitivity tests when a large inoculum is 

used and when a smaller inoculum is tested (Hussar and 

Holley, 195I4.).

Variables will arise in in vitro sensitivity 

because of the factors concerning microorganisms. The 

chance of survival of cells is greater in a larger than 

a smaller inoculum. Differences arise in the chemical 

and physical environment of the culture media and the

5
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tissues of the body have pronounced bearing, not only 

on the antibiotics, but also on the organism.

There exist two types of sensitivity testing pro

cedures today. Some controversies arise based on the 

principles of exactness (accuracy) and time. The tests 

are: serial dilution method, and agar diffusion method; 

from the latter stems the gradient type sensitivity.

The serial dilution method of testing sensitivity 

is done with liquid culture media receiving varying a- 

mounts of drugs. After being dispensed in tubes they 

are inoculated with organisms. The main differences 

arising here are due to varying composition of media, 

size of Inoculum and time of incubation. Bacteriostatic 

agents- aureomycin, achromycin, terramycin, chloromycetin- 

are inactivated with prolonged incubation in serial dilu

tions. Due to this deterioration, an optimum incubation 

time should be observed; also optimum medium employed. 

Arising from this would be comparable results for all



antibiotics. This type of test is designed for labora

tory research and not routine assay work, (Jackson, et 

al. 1950).

The agar plate method of assaying antibiotics is 

determined with the use of assay cylinders or filter 

paper discs. A quantitative estimation can be arrived 

at by calculating the amount of antibiotics the organ

isms are sensitive to depending on the volume and con

centration of antibiotics in the disc. In this type of 

diffusion, also upon close quantitative calculation, 

there is a steep logarithmic function involved and a 

wider range of error, (Szybalski, 1952). Some factors 

governing possible errors are types of media used, depth 

of agar plates, diffusibility and stability of the anti

biotics through the agar, and moisture on the surface of 

the agar. These factors affect the final sensitivity 

results. The zone of inhibition varies and for this rea

7

son many laboratories report only qualitative results as
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sensitive or resistant, regardless of the size of the 

zone of inhibitions produced by the antibiotic. However, 

it is reported that the plate diffusion method offers 

some advantages over the serial dilution method; for ex

ample, several antibiotics can be tested on a single 

plate and the medium may be selected to supply the growth 

requirements from the stock of plate media on hand.

There is also economy of materials and the amount of 

chemotherapeutic agents combined in the disc may be 

selected to make zones of sensitivity correspond to 

therapeutic serum levels (Cook and Morgan, 1957).

Treatment with single antibiotics fails to cure 

some of the microbial infections in man. Favorable re

sults were obtained, however, with combined treatment of 

two antibiotics. An outstanding example of a clinical 

situation is the frequent cure of endocarditis due to 

enterococci by combined administration of penicillin and

streptomycin, whereas neither drug alone cures more than
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a small number of cases (Hunter, 1950). Synergism of 

penicillin and streptomycin in vitro shows a marked in

crease in bactericidal rate, killing all exposed bacteria# 

The two drugs are unable to produce this effect alone.

Combined treatment with more than one antibiotic 

is used in the hope of preventing the appearance of drug 

resistant strains. The effect is greater in the combined 

state. A synergistic effect can be replaced in cases by 

an antagonism. After short exposure in vitro, the bac

teria become insensitive to low concentrations of peni

cillin because the sulphonamide suppresses their growth. 

After longer exposures penicillin acts on the resistant 

sulphonamide-treated cells that have begun to grow. The 

effect here is termed synergistic (Garrod, 1914-5, Klein 

and Kalter, 1914-6 ) . Others report that in vitro develop

ment of resistant cultures of Micrococcus pyogenes var. 

aureus and enterococci to penicillin, streptomycin or

erythromycin, is suppressed or at times delayed when a
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mixture of erythromycin with penicillin or streptomycin 

is used (Topey and Wilson, 1953).

No common pattern emerged as yet from experimen

tation of synergistic and antagonistic reactions. Most 

investigators believe that the results depend not only 

on the specific antibiotics or concentrations used but 

also on the bacteria and the conditions and methods for 

testing, both in vivo and in vitro.

Though antagonism of drugs is possible and effec

tive, it is not yet clear how far laboratory data are 

applicable to man. In vitro antagonism has been demon

strated in animals (Jawetz et al, 1952; Gunnism et al, 

1953) but may not apply to human infections. Prom ex

perimental work (Bliss et al, 1952) suggestions that 

neither the synergy nor antagonism is enough to justify 

either recommendation or condemnation of a particular 

antibiotic combination for use in man.

Antibiotics were placed in two distinct groups;
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(1 ) penicillin, streptomycin, bacitracin and neomycin, 

and (2) aureomycin, chloramphenicol, and terramycin•

Those of group 1 acted synergistically with one another 

generally if the organism tested was susceptible to a 

high concentration of each member of the pair when tested 

alone (Jawetz et al, 1950). Those of group 1 exhibited 

no antagonism. Drugs of group 2 have shown neither syner

gism nor antagonism to each other. However, drugs of 

group 1 when tested with group 2 usually resulted in 

antagonism if the organism was highly sensitive to the 

first group. Whenever an organism in the presence of a 

large excess of antibiotic is insensitive, the agent can 

not participate in a synergistic pair. Experimenters 

emphasize that conclusions made in regard to synergistic 

action refer only to synergism evident in increased rate 

of bactericidal action in vitro.

11
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METHODS OF EXPERIMENTATION AND DISCUSSION

The following materials and methods were used for 

the research in the gradient plate method.

All the antibiotics were available in dry form in 

sterile rubber capped vials. They were freshly diluted 

and further dilutions were made in the culture media.

When only a few tests were made, a desired amount was 

withdrawn from the vial and the remainder was stored in 

a deep freeze at -25°C.

The following antibiotics were used:

(1) Crystalline potassium penicillin G, 1,000,000 units/milligram.
(2) Aureomycin hydrochloride (Lederle) was avail

able in crystalline form in vials containing 500 milligrams.
(3) Crystalline Terramycin Hydrochloride (Pfizer) was available in 500 milligram vials.
(1+) Ilotycin Glucoheptonate (Erythromycin Gluco- 

heptonate, Lilly IV) supplied in ampoules 
containing the equivalent of 250 milligrams 
of the base (No. 52ij.) •

(5) Tetracyn Hydrochloride crystalline form 
available vial containing 500 milligrams 
and 1.5 grams of ascorbic acid.

(6 ) Bacitracin supplied in 50,000 units/milligraras.
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This method of sensitivity is unique because more 

than one organism can be streaked on one plate. Pure 

cultures were obtained from patients. Micrococcus pyo

genes var. albus and Micrococcus pyogenes aureus were used 

throughout the experiment and maintained by weekly trans

fers on trypticase soy agar slants (T.S.A.). Experiments 

on the action of antibiotics were carried out with 18 

hour broth cultures in trypticase soy broth. The inocu

lum was grown in the same medium as that in the gradient 

plate with antibiotics. Organisms used in the test were 

of varying susceptibilities.

"The gradient plates used appeared to have unique 

possibilities as a routine clinical sensitivity test 

because it is a quantitative test and more than one 

organism could be streaked on a plate. Because Szybalski 

recognized the failing of the serial dilution method and 

the use of agar plates in contact with a reservoir anti

biotic he worked out the simple gradual proportional



increase of antibiotic concentration along one horizontal 

axis- the gradient.”'*’

Petri dishes are filled on a slant with media 

containing the antibiotics. An upward diffusion of the 

antibiotics occurs when they are placed in the bottom 

layer. There is a dilution proportional to the ratio of 

the thickness of the agar layers. "There is a uniform 

linear concentration gradient with subsequent incubation. 

The amount of antibiotics inhibiting growth of the organ

ism is measured by a formula D^/Dg x initial concentration 

of antibiotic; is the distance of the point of growth- 

inhibition from the beginning of the gradient and Dg is 

the diameter of the plate.

Gradient plates may be made with a downward or 

upward diffusion. This method allows a considerable re

duction in the quantity of antibiotics required for ex-

dook, N. P. and Morgan, d., "The Titered disc Method 
Versus The Gradient Plate Method.1' The Amer. Jour, 
of Med. Tech. Jan. Feb. 1957 p. 2?-ij.2.

1*4.



periment, a significant factor when the supply is limited. 

Only one plate may be required to produce a two to five 

fold increase in the resistance of a strain. In favorable 

cases only three plates are needed for increasing bac

terial resistance over 100 times.

To make gradient plates, two layers of agar are 

poured. The bottom layer consists of 10ml. of plain 

nutrient agar solidified on a plate planted sufficiently 

so that the entire bottom of the plate is just covered. 

Plates are then placed in normal horizontal position and 

10ml. of agar are added. This last agar addition contains 

the appropriate concentration of antibiotics.

The isolated resistant colonies, beyond the bound

ary of confluent growth, have not been included when 

measuring the length of the streaks.

The gradient method of sensitivity was employed 

in this research first to determine the concentration of

15

antibiotics necessary to inhibit the growth of seven strains



of Micrococcus pyogenes var. albus and Micrococcus pyo
16

genes var. aureus. Only 18 hour broth cultures were 

employed for the inoculum.

Antibiotic dilutions were made with sterile saline 

and final dilutions were made in the T.S.A.

Following the study of sensitivity in gradient 

plate, a study of stability of the antibiotics in T.S.A, 

plates was made. Plates were stored at room and re

frigerator temperatures. Duplicate plates were used 

every three days. The plates were inoculated with a 

standard 18 hour broth culture and standard inoculum.

The inoculum was kept constant with a small inoculating 

loop. The plates were incubated at 37°C. for 2k hours. 

Growth was observed with the use of the Quebec counter. 

Growth measurement was not taken since all stability of 

antibiotics was determined by a plain pour plate concen

tration on the antibiotic used in individual cases.

Those stored under refrigeration remain stable
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longer, l.a., inhibition of growth was of longer duration 

depending on susceptibility of individual strains of 

Micrococcus used. Growth on any plate whether slight or 

great was considered positive. Those stored at room 

temperature in canisters, exhibited less antibiotic sta

bility. After only six days at room temperature, those 

organisms inhibited by lesser concentrations were begin

ning to grow. Those inhibited at a low concentration 
|

remained negative in most cases.

Graphs were employed to show at a glance the rate 

at which organisms began to appear; as the antibiotics 

began deterioration in the agar media. Agar plates with 

the antibiotics which were placed at refrigerator temper

ature were generally more stable. In the case of terra- 

mycin constant stability was maintained at room and 

refrigerator temperatures for nine days. Bacitracin 

remains stable for six days at room and refrigerator 

temperatures. The same procedure of testing stability



of antibiotics was carried out with a diluted broth cul

ture of the test organism. This dilution factor did not 

cause any significant change in rate of inhibition of 

bacterial growth at any temperature.

There were slight mechanical difficulties when 

plates were poured. The percent of contamination with 

molds was greater when stored at room temperature. A

drawback of this test came from the factor of streaking
|

the axis of a conventional petri dish. There is no uni

formity as to the length of inoculum streak if more than 

one organism are used. Also mechanical difficulties were 

present, due to incorrect measurement of chemotherapeutic 

agents, in making dilutions and in preparing and pouring 

the agar each time the same sensitivity tests were made. 

The percent of error was small, five percent or less, if 

preparations are made with great care.

The real advantage of a gradient plate or a plate 

with standard amounts of antibiotic dilution is found in

18



testing for stability of the drag over a period of storage. 

Another advantage is that the laboratory can determine 

which antibiotic is most effective in vitro. This knowl

edge is derived from the gradient plate. The stability 

routine study was recorded from standard amounts of anti

biotic dilution plates at room and refrigerator tempera

ture storage.

As more microorganisms which are resistant to 

certain antibiotics are encountered, there is an increased 

temptation to employ more than one antimicrobial drug, 

routinely. The use of two drags is probably inadvisable 

in that antagonism between certain antibiotics has been 

demonstrated both in vitro and in experimental animals.

An attempt was made to combine antibiotics in a 

standard concentration plate and test the increase or 

decrease of stability of each combination at room and 

refrigerator temperatures.

19

The same stock solutions of antibiotics were
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employed with final dilutions made in the agar immediate

ly before testing. Seven diluted and undiluted l£ hour 

cultures of Micrococcus were inoculated with a streak on 

the plate containing combined antibiotics. These were 

incubated at 37°G. for 2l± hours and the number of visible 

bacteria was estimated by measuring the inoculum streak. 

Duplicate plates were made every two days of those stored

at room temperature and of those stored at refrigerator
1

temperature.

Antagonism between drugs was apparent in cases 

where there was a decrease in bactericidal effect. The 

single drug was more effective than the two drugs com

bined. This was expressed in Fig. 9 by a negative (-) 

sign. Synergism exhibited by the combination, expressed 

a slight or total increase in bactericidal effect. Slight 

synergism was expressed by one plus (-/-) sign and total 

synergism by a triple plus sign.

Strains 2, 5, 6 , and seven of Micrococcus were



highly susceptible to the combination of bacitracin and 

terramycin while other strains of the species reacted 

differently with the pair of drugs. The effect of the 

combination of bacitracin and terramycin was antagonistic, 

showing a decrease in bactericidal rate allowing complete 

growth of strain 1 and slight growth in strains 3 and 1*.. 

Bacitracin and aureomycin used as a combination were

more effective on strains 3 and 4 than bacitracin used
|

singly. Penicillin and terramycin showed no bactericidal 

effect on strains 1 , 2, 5 , and 7 while penicillin alone 

was more bactericidal and stable in the sensitivity test. 

Strains 1 and 3 did not grow at all with the penicillin 

and aureomycin combination. The same strains were in

hibited by aureomycin alone but not by penicillin singly. 

It should be mentioned that the concentration entering 

into synergistic effect or increase in bactericidal rate, 

were functions of the sensitivities of individual strains 

of Micrococcus used in this experiment. Synergism used

21
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in the paper is the ability of a pair of drugs to produce 

a greater rate of bactericidal action than either drug 

alone.

The data in Fig. (10) suggest that there was 

little if any increase in stability when antibiotics were 

used in combined testing* Observations were made over a 

period of thirty days. In cases where complete bacteri

cidal effect was observed in the first test with the
. i ■

combination of drugs, the same effect remained constant 

until the last test. Where slight bactericidal effects 

took place, an almost identical pattern was observed as 

that when testing antibiotics singly for stability. When 

there was no effect upon growth of the organism with com

bined drugs, growth occurred in each following test.
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MEASUREMENT OF BACTERIAL SENSITIVITY. ANTIBIOTIC 

LAYERED IN 2 CONC' X AND IOX UG/ML PENICILLIN 10U
24
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FIG. 5

ABRUPT INHIBITION 

( +  FEW RESISTANT COLONIES)

( +  MANY RESISTANT COLONIES) 

NORMAL GROWTH 

GRADUAL INHIBITION 

( +  PERIPHERAL GROWTH)
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ACTION OF COMBINED ANTIBIOTICS ON SEVEN STRAINS OF MICROCOCCUS

Antibiotics 1 2 3 k 5 6 7
1. Penicillin 

bacitracin / - / / - / / - / / /

2. Penicillin 
aureomyein / / / / - / / / / / / /

3. Bacitracin 
aureomyein / / / / / / / / / / / /

l).. Bacitracin 
terramycin / / / / / / / / / / / / / / / /

5. Penicillin / / / / / / / / / / / /terramycin

(-) - Decrease In effect as a result of combination comparable to a less active drug. (Organisms grow the length of the streak.)
(/) - Some organisms survive, usually slight increase in bactericidal power.
(/ / /) : All organisms usually killed.

FIGURE 9



STABILITY PATTERN ON PLATES WITH 
PENICILLIN / BACITRACIN

26

Penicillina / Bacitracin - refrigerator temperature

Days
0 - 2 3 4 5 6 7
3 - / / / / - / / /
6 - / /
9 - / /
12 - / /
15 - / / -

18 - / / -
21 - 1 - / -

24 - / / - / -
27 - - - - / -
30 - - - - / - / / /

(-) = Growth of the organisms the length of streak.

(/) - Slight growth, usually at the beginning of the streak. 
(/ / /) = All organisms killed, no growth of the streak.

FIGURE 10



SUMMARY

The basic types of sensitivity tests were reviewed 

in this paper. Special attention was given to the gradi

ent method of testing sensitivity of different strains 

of Micrococcus. Experimentation on plates with standard 

concentration of antibiotic stored over a period of time 

at different temperatures was carried out, to test sta

bility and rate of deterioration of these antibiotics in 

agar. The same antibiotics tested singly were used in a 

combination to show synergistic and antagonistic effects. 

Stability tests were attempted on these plates at room 

and refrigerator temperatures for 30 days.

* Antibiotics used in agar dilutions in testing for 

stability showed deterioration much greater than when 

antibiotics are stored in their original preparation or 

in saline dilutions. However, this type of sensitivity 

testing could be advantageous in a laboratory which makes 

many tests daily and the prepared plates are not stored



longer than seven to ten days. One hypothetical scheme
28

of combined antibiotic action Is discussed In this 

paper.
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