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A PROPOSED SORROWING METHOD FOR THE DETERMINATION 
OF THE COMBINED EFFECTS OF ANTIBIOTICS

Much work has been done to determine the effects of combining 

two antibiotics. It was first prematurely thought that if one antibiotic 

was good, two would be better and hence there was at first indescriminate 

use of any two antibiotics in combination. But this could lead to com

plications if the two antibiotics interfered with each other and thus were 

less effective than either one separately. Drugs are best used in com

bination when together they will be more beneficial to the patient than

either alone.

One cannot predict synergism or antagonism of combinations in vitro

with any combination on a particular organism. This depends on the

relative amounts of antibiotic used, the sensitivity of the organism, and

many other factors. Experiments must be used and the final determination 
2

of the effect is the clinical results.

There are many instances which call for the combination of antibiotios.

Some are the treatment of mixed infections; to use nontoxio doses in a

case where the dosage of one antibiotic alone would be so high as to be 
*

toxic} subacute bacterial endocarditis or urinary tract infections caused

by Streptococcus faecalis (enterococcus), which is quite resistant to

Penicillin and other antibiotics} in the increasing number of cases of 
4

resistant Staphylococcal strains} prevention of emergence of resistant

mutants; and to obtain additive or synergistic effects against a homogeneous 
5

population of resistant organisms.



found!

When any two drugs are combined any of four effects may be

1. Indifference — the combined effect is no greater than 

that of the more effective agent tvhen used alone*

2. Addition — the combined action is equivalent to the sum

of the actions of each drug when used alone.

J. Synergism — the combined action is significantly greater

than the sum of both effects.

4. Antagonism — the combined action is less than that of

the more
0

effective agent when used alone.

Each strain of bacteria may react differently to combinations

of antibiotics and must be determined for each but in general Jawetz has

grouped the following antibiotics and has proposed their most likely

effects in combination!

Group I - Bactericidal Group II - Bactistatlc

Vancomycin Tetracyoline
Penicillin Chioramphenical
Ristocetin Erythromycin
Cephalosporin Oleandomycin
Streptomycin Triacetyl 0
Neomycin Carbomycin
Kanamycin Sulfonomides
Papomonycin Lincooin
Bacitracin Novobiocin
Polymyxin B Oxytetracycline
Coliston
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I'M Often synergistic or indifferent, never antagonistic

II-MI Often additive or indifferent, never synergistic or 
antagonistic

I-MI Indifferent, antagonistic or synergistic, if very In
sensitive, occasional antagonism; if relatively In- 
resistant, occasional synergism*

There are two mechanisms of antibiotic actions bactericidal, 

which either inhibits cell wall production such as Penicillin, Bacitracin, 

Novobiocin, Vancomycin and Ristocetin or else interfere with the cell 

membrane Buch as Polymixins, Novobyein and the Streptomycins; or 

bacteriostatic which either interferes with protein synthesis such as 

Chloramphenicol, Tetracycline, Macrolids or Neomycin or interfere with 

nucleic acid (metabolism) such as Sulfa, PAS and INK* Many times when a 

bacteriostatic drug is used in combination with a bacteriocidal drug, the 

static drug keeps the organism from reproducing and thus interferes with 

the action of the cidal drug. In cases such as bacterial endocarditis a cidal 

level is necessary and hence such combinations are to be avoided.

Another instance requiring combined drug action is to prevent 

emergence of resistant strains especially in the case of Staphlococcol 

infections. Drug resistant organisms arise in a bacterial population either 

by mutation or non-genetic adaption. Mutational origin of resistance lies 

in the fact that most large bacterial populations contain mutants which are 

less susceptible to a given drug than the remainder of the population. These 

mutants oan be present before treatment with the drug and the antibiotic
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merely selects them out from the susceptible organisms. Mutation

accounts for the majority of drug resistant organisms. In nongenetic 

adaption the drug containing environment acts not only as a selective 

Influence but as a direct and necessary stimulus to the gradual develop

ment of resistance of the entire microbial population. It is probable 

that adaption contributes to the development of drug resistance to * 

lesser extent than mutation. There are other mechanisms of drug 

resistance} increased destruction of the drug, e.g. the production of 

penicillinase, a jimicillin destroying enzyme, by many penicillin- 

resistant organisms; decreased permeability of the organism to the drug; 

increased formation of a metabolite with which the drug competes for an 

enzyme; e. g. increased PABA synthesis in some sulfonomide-resietant 

strains; increased synthesis of the inhibited enzyme; development of an 

alternate metabolio pathway, bypassing the inhibited reaction; or an 

altered enzyme which is still able to perform its metabolic function but 

is no longer affeoted by the drug. The main method to minimize the 

emergence of drug resistance in infections is the simultaneous administra

tion of two drugs which do not give cross-resistance and each of which
8

delays the emergence of mutants resistant to the other drug.

Klein and Kimmelman in 19^7 first reported synergistio action 

in vitro of two antibiotics, Penicillin and Streptomycin. This was followed 

by work by Eagle and Fleishman and Hunter, Lepper and Dowling. Many 

earlier in vitro tests measured bacteriostatic effects only. Jawetz 

and his associates showed that such a measure is inadequate and that 

bactericidal tests are needed because they correlate best with clinical
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results. This can be accomplished presently by tube dilutions or the

cellophane transfer method. The former is used the most but is complicated 
9

and time consuming.

Synergy has been reported using the following drug combinations

against Streptococcus faecalis (enterococcus)t Penicillin and Streptomycin,

Penicillin and Neomycin, Penicillin and Kanamycin, and Penicillin and 
10

Erythromycin, Streptomycin and Novobiocin) using Penioillin and Chloromy

cetin and Streptomycin and Oxytetracycline against Staphylococcal endocar

ditis) Penicillin and Chloromycetin against Streptococcus virdens)

Oxytetracycline and Streptomycin against Hemophilus; and Penicillin and 
11

Bacitraoin against diptheroids.

Antagonism has been reported using Penicillin and Chloromycetin 
12

in Pneumoccocus meningitis.

In sensitivity testing of an organism to various antibiotics 

singly, two methods are in general use) the agar diffusion method uses 

conmercial antibiotic-soaked discs placed on the plate of media seeded with 

the organism to be tested. The drug diffuses into the medium and if the 

organism is sensitive there will be a dear zone of no growth around the 

disc called the zone of inhibition. To see if the drug’s action was bacteri

cidal or bacteriostatic the disc may be removed after incubation and a small 

piece of agar from under the diso transferred to a broth and incubated. If 

the action was cidal no growth will be seen in the broth, if static, growth 

is seen as manifest by turbidity. (1 used this method of trying to determine 

the static or cidal effect of a drug and found that the results were not 

reproducible for some reason that I could not determine).

The second general method used is the tube dilution method. In this
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method specific amounts of antibiotic are prepared in decreasing concen

trations in broth by the serial dilution technique. They are innoculated 

with a culture of the bacteria to be tested. The susceptibility of the 

organism is determined after incubation by the presence or absence of 

growth in the varying concentrations of antibiotic. Those showing no 

growth can be subcultured to solid media to see whether the action was 

bacteriostatic or bactericidal. If statict growth will occur upon sub- 

culturing. In order to have consistent, reproducible results, standards 

must be set up and adhered to, e.g. standard innoculum, standard medium,
i >

etc.

Several methods have been employed in studying the combined action

of antibiotics. Lederberg and Lederberg devised a means of replica plating

using a velvet press to transfer growth from a plate with sensitivity discs

to a new plate and then checked to see if the zones of inhibition had any

survivors, to see if the action was static or cidal. But in replica plating

only 1% of the bacteria on the primary plate was carried over to the replica 
ISand therefore gave fblse cidal results.

The above objection cannot be applied to Chabbert*s Cellophane 

Transfer Method since the whole operation is conducted on one surface and 

every survivor from the period during which the antibiotics were acting can 

form a colony. Chabbert*s method consists of applying blotting paper strips 

impregnated with different antibiotics at right angles on a plate of medium 

and allowing time (overnight) for their diffusion before removal. A 

cellophane "tambour" is then applied, the interior surface of which has been 

heavily innoculated with the organism. Both nutrients and antibiotics diffuse 

through the tambour. After preliminary incubation of seven hours on the
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original plate* the tambour ia transferred to a plate of normal medium and

bacteria surviving in the zone of inhibition will form colonies. The final

plate shows to what extent each antibiotic is bactericidal when aoting alone

and from what happens in the area surrounding the angle where the strips

meet* how they act in combination. In synergy* the area where they meet

will be the only part of the plate free of colonies. In antagonism the area

where they meet will have profuse growth while alongside the strips away 
14

from the overlapping area the colonies are few.

The cellophane transfer method was originated by Chabbert and his

colleagues. This is not a method which can be properly carried out in every

clinical laboratory because it requires special apparatus and much experience 
15with the method to be done properly.

Cellophane transfer methods can be demonstrated

Indifferencet The zones of inhibition

form a right angle - scarcely blunted 

at all. The antibiotic horizontal is

completely bactericidal* the vertical 

one incompletely so* but there is no

extension of the horizontal one's effect

where this antibiotic is diffusing into the other zone

Synergy» Horizontal antibiotic is

bactericidal - vertical antibiotio is

bacteriostatic, but the horizontal anti

biotic effect extends up into where the two

meet.



Antagonistict Horizontal antibiotic

The serial dilution method is the one most frequently used

to study the effect of drugs in combination. In this method, one must 

make a working solution of antibiotic according to the following charts

Antibiotic Stock Solution 
concentration

ml. of stock 
to transfer

final low 
concentration

ml. of stock 
to transfer

final high 
concentration

Penicillin 200 units/ml 0,05 ml 1 unit/ml 0.5 ml 10 units/ml

Bacitracin AO units/ml 0.05 ml 0.2 unit/ml 0.25 ml 1 unit/ml
^O^eptomycin

5?00 u g/ml 0.1 ml . . 5 u g/ml 0.A ml 20 u g/ml

Choramphenicol A00 u g/ml 0.05 ml 2 v g/ml 0.25 ml 10 u g/ml

Tetracycline AOO u g/ml ! 0.05 ml 2 u g/ml 0.25 ml 10 u g/ml

Erythromycin AO u g/ml 0.05 ml 0.2 u g/ml 0.5 ml 2 u g/ml

Polymaixin B 10 units/ml 0.1 ml 0.1 unit/ml 0.5 ml 0»5 unit/ml

Neomycin AO u g/ml 0.05 ml 0.2 u g/ml 0.5 ml 2 u g/ml

Kentrex 250 u g/ml 0.1 ml 2.5 u g/ml ■ 0.5 ml 12.5 u g/ml

Methacillin 200 u g/ml 0.05 ml 1 u g/ml 0.5 ml 10 u g/ml

bimocillin 200 u g/ml 0.05 ml 1 u g/ml 0.5 ml 10 u g/ml

Staphacillin 200 u g/ml 0.05 ml 1 u g/ml 0.5 ml 10 u g/ml
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Mext pipet ten ml. of Tesoy broth into each of two tubes for 

each antibiotic* According to the chart add the correct amount of antibiotio 

to the tubes* Add 0.0J? ml. of a 4-6 hour broth culture of organism to be 

tested to each tube. Incubate 18-24 hours* Two controls are used!

1) an organism control using just broth plus the organism to be tested 

(there should be growth), and 2) drug control - broth plus antibiotic (there 

should be no growth)* To study the action of two antibiotics in combination, 

the same concentration of antibiotics for high and low concentration are 

used and the same amount of broth and organism are used* The only difference 

is that two antibiotics are used in one tube according to the following 

schema! Drug X and Drug X

Tube #1

High concentration of X 
High concentration of X

Tube

Dow concentration of X 
High concentration of X

Tube

High concentration of X 
Dow concentration of X

Tube #4
1

Dow concentration of X 
Dow concentration of X

The disadvantages of both popular methods of studying combined 

actions of antibiotics - the serial dilution technique where tedious

dilutions must be made and the cellophane transfer method with its different
■

incubation steps and the special equipment necessary and strips of anti-
*

biotio paper to make - made me wonder if a simpler method could be devised 

using commercial sensitivity discs* Several methods have been proposed*

One is to combine both antibiotics on one dise but this would be complicated

because one would have to make his own discs. Another method would be to

place the discs at a proper distance from each other so their zones would
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just touch» where they touch synergism or antagonism could be seen with 

the combination. But this means the zones would have to be determined 

first* then plate again with the discs at the proper distance. This 

would waste eighteen to twenty-four hours.

I decided it would be feasible to cut commercial sensitivity

discs in half and plate two half-discs separately on one plate, the

other two halves are then plated at right angles with each other on

a second plate. After eighteen to twenty-four hours of incubation

the zones produced by each antibiotic separately can be determined

by measurement. The discs will each individually produce a zone of

the same size on the plate where they are combined. If their combined

action is indifferent then the zone they produce together in the angle

between them should have a distance which equals the hypotenus of a right

triangle) the two sides of which are determined in length by the zones

produced by each antibiotic alone. It can be calculated by the 
2 2 2

Pythagorian theory: c = a +b • If their combined effect is antagonistic 

the zone produced by the two would be less than the calculated length. If 

their effect is additive or synergistic then the length would be greater 

than the calculated length.

The following pictures show how this is done. Picture 8-1 shows 

the effect, singly, produced by Chloromycetin and Tetracycline against 

Proteus. Chloromycetin produces a zone of inhibition measuring 1.2 cm 

from the edge of the disc to the edge of the zone. Tetracycline produces 

a zone of 0.1 cm^Wien two half discs of Chloromycetin and Tetracycline are 

plated at right angles (Picture 8-5)^ -Their combined action may be deter

mined thusi measure 0.1 cm. from the Tetracycline disc (this is the size
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of the zone it produces alone)) from this point measure 1*2 cm. up

from the Chloromycetin diso (horizontally to the Tetracycline diso)| 

this is the size of the zone produced by Chloromycetin alone. This 

gives two sides of a right triangle. uraw a line from the point at

whioh the two discs join to the end of the lateral line. This is the
» *>

hypotenuse. As you oan see in this case, indifference is shown. The

zone produced by both antibiotics in combination ends exactly where it
2 2 2should in the case of indifference. This can also be calculated c«a-/-b

2~ ' ~2
c = -p(0.1) (1.2) or c—1.2 cm. This is exactly what c actually measures.

Pictures 10-2 and 10-2 show antagonism when Penicillin and 

Chloromycetin are used in combaination against Staphylococcus eoidermidis. 

Penicillin alone has a zone of 0.8 cm. and Chloromycetin alone has a zone 

of 1.6 cm. In combination, the calculated zone (the length of the 

hypotenuse) should be 1.8 cm., but as can be seen the zone is only 1.6 

cm. in length.

Pictures 2-2 and 2~5 show a synergistic effect when Maladixic 

AcidKanomycin are used in combination against a Proteus. Kanomycin 

alone has a zone of 0.7 cm. and Maladixic Acid alone has a zone of 0.7 cm.

In combination, the zone they produce together would have a length of 0.9 cm 

if their action was indifferent. But the zone they produce together has a 

length of 1.1 cm. indicating synergism.

The measurements can be made directly on the bottom of the plates 

after incubation. Pictures are used here only to clarify the procedure to

the reader.

Both plates can be set up simultaneously and results are available 

in 18 hours making this method as rapid as the serial dilution technique 

and muoh quicker than the Cellophane Transfer method*

•11



In order to make thia a valid study many variables which 

affect the size of the zone of inhibition produced had to be controlled* 

Things such as the size and age of the innoculum, the method of Innocula- 

tion, the composition and ph of the media, the amount of media and the 

period of incubation.

Other variables to be considered are the rate of growth of a 

particular organism (fast growers are more susceptible), the rate of 

antibiotic diffusion, the rate of antibiotic deterioration (at incubator 

temperatures several antimicrobial agents lose their activity, e.g. 

Aureomycin), the size of the innoculation (in general, the larger the 

innoculum the loiter the apparent sensitivity, mutations are more likely 

in a large innoculum. Also the innoculum must be large enough so
ft ' *

organisms do not have a long lag phase and will be actively growing so

they can be inhibited by the antibiotics. Growth must also be heavy enough

to see the zones of inhibition), the composition of the media (salts may

inhibit Streptomycin, PABA in tissue extracts antagonizes sulfonomides,

Proteins, particularly serum albumin, bind Penicillin), ph of media (some

drugs are more active at acid ph, e.g. Penicillin, and others at alkaline

ph, e.g. Streptomycin and sulfonamides), length of incubation (in many

cases microorganisms are not killed upon short exposure to antimicrobial

agents but only inhibited. The longer incubation continues, the greater

is the chance for mutants to emerge or for less susceptible members of

the population to being multiplying as the drug deteriorates) and the 
18

amount of moisture.

The size of the innoculation should be such as to prouuce a
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dense but not confluent growth* The recommended suspension is one whioh

contains 1 x IO5 organiams/ml. It is flooded on a plate with a sterile 

19 .
Pasteur pipet and the excess removed with the same pipet. In order to

make a suspension of that size I used the Nephlometrio Method (McFarland)

for the standardization of a suspension. It consists of comparing the

opacity of the suspension with a McFarland standard. The //l McFarland

standard is prepared by adding 9.9 ml. of 1% H2 SO4 to 0.1 ml. of 1%

Ba 012. This opaqueness is what one gets with a bacterial suspension 
8containing J x 10 cells/ml. The suspension is prepared by taking 1 ml.

of an eighteen to twenty-four hour broth culture of the organism to be 
20tested and diluting with sterile saline to this opaqueness. I then take 

8O.5 cc of this suspension (containing approximately J x 10° cells/ml) and 

dilute with sterile saline to 10 ml. This yields a 1*5 x 10? cells/ml 

suspension. I then take 0.1 cc of this and dilute it with sterile saline 

to 10 ml. thus achieving a suspension containing approximately 1»5 x 10^ 

cells/ml.

The composition of the media I standardized by using one type

only* a good nutrient clear agar* Muellar-Hinton. Its quantity is important and

should be standardized. I premeasure 15 oc of the media into tubes of

the same size before sterilization then pour them into uniform petri dishes -

a disposable plastic type usir^g the same type always. Approximately the ,x

same amount of media remains in every tube - so the amount in the plate is

still standardized. The plate should be poured while on a level surface 
21

since the depth of the media affeots the inhibition zone size.

The period of incubation is also important. If this is extended past

15-



eighteen to twenty-four hours it is to the detriment of unstable anti- 
22

biotics or any to which resistant mutants are liable to appear early.

X have set the incubation time on my tests at eighteen to twenty-four

hours.

Since the amount of moisture is of some importance I use my 

plates within two days of when they are made. I also run all tests in 

duplicate to check on the results obtained.

In order to be justified in proposing a new method the results 

obtained from it must correlate with those obtained by a proven method. 

After developing my own technique I redid my tests doing them both with 

ay technique and with the technique now iii u^e - that of the two tube 

serial dilution technique and compared the results obtained by both

methods•

In the ten tests extensively studied the results obtained from 

the serial dilution technique verified the usefulness and validity of my 

method as a screening method. Out of the ten tests my method indicated 

that three pairs of antibiotics were synergistic, three pairs were 

indifferent, and four pairs were antagonistic. By the serial dilution 

technique only one pair of the three which had indicated synergism by xsy 

method was actually shown to be synergistic by this technique. Also only 

two of my four antagonistic pairB were actually shown to be antagonistic 

by this method. The other seven pairs appear to be indifferent according 

to the serial dilution technique. However, this does not invalidate my 

method as a screening method—it is apparently oversensitive as many 

screening methods are and picks up false synergisms and false antagonisms 

Also it would appear to be quite beneficial as a screening method. For
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example, if one had been confronted with the problem of finding a synergistic 

pair of antibiotioa out of the ten tested it would be tedious to set up all 

ten combinations by the serial dilution technique. If one were to first run 

them according to this proposed screening method, then just set up the three 

pairs (indicating synergism by the screening method) by the serial dilution 

technique, he would find the one synergistic pair. He would not have missed 

any synergistic pairs among the seven pairs he did not do the serial dilution

way.

The ten Tests which were studied are listed below with their results

according to both techniques!

Screening
method

1. Streptococcus faecalis

Antibiotic Kane Alone Zone Together Calculated Zone

Penicillin 0.2 cm 0.4cm 0.2 cm
Kanomycin 0 cm ? ■ : .

(This would indicate synergism because the zone together greatly 

exceeds the calculated zone length)

Serial
dilution

Antibiotic Subculture

Penicillin - high concentration No growth Baotericstatio
Penicillin - low cone. Growth

Kanomycin - high cone. Growth 
Kanomycin - low cone. Growth

Penicillin (high)-/-Kanomycin (high) Ho Growth 
Penicillin (high)-/-Kanomycin (low) Ho growth 
Penicillin (low) -/-Kanomycin (high) Growth 
Penicillin (low) Kanomycin (low) Growth

Bactericidal
Bcateriostatio

The serial dilution shows that this combination is indeed synergistic

when the high concentrations of Penicillin and Kanomycin are used together

beoause together they are bactericidal where the Penicillin alone was

bacteriostatic and the Kanomycin allowed growth.



Screening
method

2. Proteus

Antibiotic Zone Alone Zone Together Calculated Zone

Tetrachcline 
Naladixic Acid

0.1 cm 0.6cm
O.5 cm

O.^ca

(This would indicate snyergism because the zone together is

greater than the calculated zone).

Serial
dilution

Antibiotic

Tetracyclixie - 
Tetracyoline - 
Naladixic Acid 
Naladixio Acid

high cone• Growth
low cone. Growth
- high cone. Growth
- low cone. Growth

All combinations of the antibiotics allowed growth* so this pair is 

actually merely indifferent - their effect together is no greater or no

less than their effects alone.

Screening
method

J. Proteus

Antibiotic

Naladixic Acid 
Kanomycin 

(This indicates

Zone Alone

0.5 cm 
0.9 cm

synergism).

Zone Together

1.1 cm

Calculated Zone

1.0 cm

Serial
dilution

Antibiotics

Naladixic Acid - high cone. 
Naladixic Acid - low cone. 
Kanomycin - high cone. 
Kanomycin - low cone.

All combinations of Haladixic

Subculture
Growth
Growth
No growth Cidal
No growth Cidal

Acid and Kanomycin had no growth and

were bacterioidal but this is merely indifference, because together they are

only as effective as Kanomycin is alone.
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Screening
method

4. Sta, iiylococcue epidermidia 

Antibiotio Zone Alone

Chioromycetin 1.4 cm
Penioillin 2.0 cm

(Thia indicates antagonism - the

Zone Together

2.2 cm

Calculated Zone

2*4 cm

zone is less than it should be).

Serial
dilution

Antibiotio
Subculture

Chioromycetin - high cono. Growth
Chloromycetin - low cono. Growth
Penicillin - high cone. No growth Cidal
Penioillin - low cone. No growth Cidal

All combinations of the antibiotics showed no growth. When Penioillin

(high) was combined with Chloromycetin (high) the subculture showed them to be

cidal. But, the other three combinations of the two antibiotics were merely

static - so this is antagonism because their effect together is less than the

effeot of the Penicillin alone which is cidal.

Screening
method

5. Staphylococcus epidermidia

Antibiotic Zone Alone

■ . ’ •

Zone Together Calculated Zone

Penicillin 0.5 cm
Lineocin 0.9 cm

0.9 cm 1.0 cm

(This indicates antagonism - zone is less than it should be).

Serial
dilution

Antibiotic
Subculture

Penicillin - high cone. Growth . / ' ' J- ’ ’* j; -
Penicillin - low cone. Growth
Lincocin - high cone. No growth static
Lineocin - low cone. No growth static

All combinations prevented growth and all were static - this shows

indifference, together they are only as effective as the Lincooin is alone.



Screening 6, Proteus
method

Antiblotio done Alone Sone Together Calculated Sone

Chloromycetin 1.7 cm 1.2 cm 1.5 cm
Rondomycin 1.9 cm

(This indicates antagonism).

Serial Antibiotic
Dilution Subculure

Chloromycetin - high cone. Growth
Chloromycetin - low cone. Growth

Rondomycin - high cone. No growth Static
Rondomycin - low cone. No growth

All combinations prevented growth and were static - so this is

actually indifference, their effect together ia no greater than Rondomycin

alone*

Screening
method

7« Staphylococcus epidermidls

Antibiotic Sone Alone
\ K - ♦ T •
Penicillin 0*7 cm 
Chloromycetin 1.9 cm 

(This indicates antagonism).

Sone Together

1.5 cm

Calculated Sone

1.7 cm

Serial
Dilution

Antibiotic

Penicillin - high cono. 
Penicillin - low cono. 
Chloromycetin - high cone. 
Chloromycetin - low cone.

Subculture

No growth 
Growth 
Growth 
Growth

Static

All combinations, including Penicillin in high concentration, showed 

growth. This is therefore antagonism because Penicillin alone in high concen

tration prevents growth.
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Screening
method

8. Staphylococcus epidermidia

Antibiotic bone Alone Zone Together Calculated Zone

Penicillin 2.2 cm
Tetracycline 0.2 cm

2.2 cm 2.2 cm

(This indicates indifference).

Serial
Dilution

Antibiotic

Penicillin - high cono.
Penioillin - low cone. 
Tetracycline - high cono. 
Tetracyoline - low cono.

No growth
No growth
Growth
Growth

Subculture

Static
Static

All combinations prevent growth and are static. However* this is

just indifference because the effect together is no greater than that of

Penicillin alone.

Screening
method

9. Proteus

Antibiotio Zone Alone Zone Together Calculated Zone

Tetracycline 0.1 cm
Chloromycetin 0.9 cm

(This indicates indifference).

0.9 cm 0.9 cm

Serial Tetracycline - high cone. Growth
Dilution Tetracycline - low cone. Growth ; ■ ■/

Chloromycetin - high cone. Growth
Chloromycetin - low cono. Growth

All concentrations of Tetracyoline and Chloromycetin allowed growth

bo their combination is indifferent in effect*
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Screening
method

10. Streptococcus faecalls

Antibiotic Zone Alone mo e Together Calculated Zone

Serial
Dilution

Penicillin
Novobiocin

Antibiotic

0.4 cm 
0.9 cm

1.0 cm 1.0 cm

Subculture

Penicillin - high cone. 
Penioillin - low cone. 
Novobiocin - high cane. 
Novobiocin - low cone.

No Growth Static
Growth
Growth
Growth

Penioillin (high)4-Novobiocin (high) No growth Static
Penicillin (high)4-Novobiocin (low) No growth Static
Penicillin (low) +Novobiocin (high) Growth
Penicillin (low) Zj-Novobiocin (low) Growth

This shows indifference because the effect of any of the four com**

binations is no better nor no worse than one of the antibiotics alone.

It is interesting to note that I had used 0.1 cm as a significant 

difference between the aotual zone together and the calculated zone - and based 

my decision to oall a pair of antibiotics synergistic or antagonistic on a 

difference of this size. However* the tests reveal that if I had used 0.2 cm 

as necessary before a pair would be considered synergistic or antagonistic* and 

if I had termed as indifferent those which only had a difference of 0.1 cm 

between the actual zone and calculated zone* then the results of my screening 

method would have correlated exactly with the results obtained by the serial 

dilution technique. For example* ;/l, the only real synergism, had a difference 

of 0.2 cm between the aotual zone (0.4) cm) and the calculated zone (0.2 cm), 

while the other two pairs I had labeled as synergistic only had 0.1 cm difference 

(#2 & #?)• In the case of the antagonistic pairs* both of the actual antagonisms
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(j/4 and #7) had differences of 0.2 cm, whereas the two antagonistic pairs 

which proved to be indifferent by the serial dilution technique (#5 and ,76) 

had differences of only 0.1 cm. So if 0.2 cm was used as the significant 

difference then ray results would be the same as the serial dilution technique.

In conclusion, 1 feel that this is very valid as a screening method 

and its advantage lies in its simplicity.



FOOTNOTES

1. E. Jawetz, M. D., J. B. Gunnison M. A* and R. S. Speck* M. D., 
"Antibiotic Synergism and Antagonism"* The New uigland Journal 
of Medicine. Volume 245, (July-December, 195l)» P» P« 966-9687

•
2. Harry F» Dowling, M. D., "Mixtures of Antibiotics", The Journal

of the American Medical Association. Volume l64i44, (1957) 
p.p. 44-AA. '

3* Ibid., p.p. 44-46.

4. Jawetz, Gunnison and Speck, p.p. 966-968.
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6. Ibid., p.p. 95“96.

7. Ibid., p.p. 96.

8. Ibid., p. 90.

9. Harry F. Dowling, M. D., "Present Status of Therapy with Combina
tions of Antibiotics," The American Journal of Medicinet Sympo
sium On Antibiotics, (November, 1965)7 p.p • 797“799•

10. L. P. Garrod and Pamela M. Waterworth, "Methods of Testing Com
bined Antibiotic Bactericidal Action and the Significance of the 
Results", Journal of Clinical Pathology, Volume XV, (i960) p. 332.
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14. Ibid., p.p. 329-350.
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