
July 1966
. J. Physiol, & Pharmacol.

On guinea-pig-ileum.

muscle,Bretylium did
secontraction of intes-

actionon the intestine

, Nagpur for providi fig

phy and to B.N. So]ke

rgicneurone blocking

Scientific publication,

urone blockins agents
. 45 : 765, 1966.

ASSAY OF ANTIBIOTICS-STREPTOMYCIN AND CHLORAMPHENICOL

By
S. Bose, G.,C. Dey & B.K. Bose

Division 0/ Biological Assays, Dey's Medical Stores (M/g.) Pvt. Ltd., Calcutta

There are various methods for the microbiological assay of antibiotics, such as, dilution
method,giving an all or none end point in broth and agar; the agar diffusion technique, the tur-
bidimetricmethod etc. The first method is generally adopted in the first stages of the develop-
mentof an antibiotic, and before a standard is established.

From the very early published procedures, all the methods and techniques for the mi-
crobiological assays, have gone through many modifications and variations, Some compre-
hensive idea of the methods, techniques and their uses and abuses, can be had from the
publications by Ha rris (8), Gavin (2, 4), Grove and Randal(5) etc.

For the assay of Streptomycin, U.S.P. advices turbidimetric method (11), using 5-7 ml.
ofthe suspension of the test organism Klebsiella pneumoniae, having a light transmission reading
65% in a suitable electrophotometer, fitted with a 650 m(J. filter, in 100 ml. of peptone broth (12)
forthe preparation of assay inoculum. Randal (5) also advices 6 % of the above said suspension
for the same purpose .

In our laboratory we tried to carry out the assay, with the above said strength of inoculum,
butdid not get very satisfactory result. The gradation of response due to the different doses of
thedrug as adviced by the pharmacopea was found not very marked and the slope of the res-
ponsecurve became almost vertical fit the end of the specified time .i.e, 4 hours.

So, work was taken up to find out some optimal concentration of the suspension of the test
organismin the inoculum, whose growth curve, in the log phase, will produce remarkable graded
inhibition with the drug concentrations as is suggested by U.S.P. (11) .

Along with this work, the nature of the growth curves as obtained with different concen-
trations of the suspension of the test organism, their behaviour in the log phases, towards diffe-
rentrange of drug concentrations and time of incubation, are also presented herewith.

The result of assay of some samples, using this altered amount of the suspension of the test
organismare given along with the results obtained, by the assay method as is suggested by
B.P. (7).

·Presented by Bose, S., in a meeting of "The Association of Physiologist and Pharmacologist of India';
Calcutta Branch on 4-9-65.
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A rapid method of assay, based on the principles as is suggested by the above pharm
peias, but requiring lesser amount of media and time, is also presented herewith.

Moreover, now-a-days, a combination of Streptomycin and Chloramphenicol is mark
for therapeutic use. Difficulty arises to standardise these two components, when given in as'
capsule. A simple method for the separation of these two components are given here, w·
have been found suitable for routine assay work.

For the assay of Chloramphenicol., B.P.(7) has given chemical method only and no
logical method. U.S.P.(1l) has given the chemical as well as biological method. In biolo .
method, they have suggested Cylinder-plate method, using the bacteria S. lutea, incubation'
16-18 hours.

We tried two rapid methods and found them suitable for the assay of Chlor~mpheni
biologically. These required only 4 hours incubation time and are presented herewIth.

The results of some samples, obtained by these methods are given herewith along with
results obtained by the method as is suggested by U.S.P. (11).

MATERIALS AND METHODS

The antibiotics Streptomycin and Chloramphenicol used in this work, were obtained fr
commercial sources and their purity passed the pharmacopeal specification. The Internatie
Reference Standards of the above antibiotics used in this study, were obtained from the Cent
Drugs Laboratory, Calcutta. The test organisms of KlebsieJla pneumonia ATCC 100
Bacillus Subtilis ATCC 6633, Sarcina lutea ATCC 9341, Escherichia coli 99-4 and Staphylococ
aureus ATeC 6538P used in this work, were received rrom the National Collection of Industri
Micro-Organism, National Chemical Laboratory, Poona, and maintained ill this laboratory
regular transplants ill peptone-casein agar slants. (12)

Turbidimetric :

In liquid medium (Peptone broth) (12), graded response with dose was measured over
range between no growth and maximal growth, and the growth response was determined t

bindimetrically. The standard curve was plotted as log concentration against optical density.

Cylinder-plate method :-

The B. P. (7) technique was followed with the four point assay design.
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A. Streptomycin :-
(a) Assay was attempted turbidimetrically according to U.S.P.(l1) metbod with 6 % sus-

pension of the test organism in assay inoculum, and the degree of inhibition of the growth with
time due to drug dose, is given in Table-L

Table-I shows that the gradation of response due to the different doses is not very mark-
ed, and a suitable assay is not possiole, when the turbidity reading, between the successive doses,
does not exhibit a good difference.

Growth curves with different concentrations of the suspension of the test organism in as-
say inoculum i.e., 6 %; 4 %, 2 %, 1.5 %, 1% and 0.5 % were found out and their nature of growth
with time is shown in Graph-I.
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TABLE J

Effect 016% inoculum (K. pneumonia ATCC 10031; Transmittance 65%) on the assay 01 Streptomycin acco
to U.S.P. (11)

Concentration Turbidity (Klett reading)

mcgltube 1st hour; 2nd hour 3rd hour

0 55 135 150

23.9 53 116 148

26.8 47 113 146

30.0 45 111 143

33.6 43 108 140

37.6 40 104 140

Effect of the drug (keepting drug concentrations same as suggested by V.S.P. (11),
the log phase of these growth curves is shown in Graph-H. On the leg phase of the growt
curve with 6 % suspension of the test organism in assay inoculum, the nature of inhibition .
shown with nigher concentration of drug than that of V.S.P. (11) suggestion; and in Graph-Ill,
two graphs are given (i) showing the effe, t of the drug concentrations as per V.S.P.(ll) and (iO
showing the effect with higher concentrations of the drug.

From these studies, it is found that assay with 1.5 %-2 ~Ioinoculum strength is more sui.
table. We have used 2 % suspension of test organism in assay inoculum for the assay and
Table-IT, the protocol of one standard graph (Graph-IV) is given.

(b) Rapid method of assay by Cylinder-plate technique :-

This method IS based on the technique as IS suggested by V.S.P. (11) and the principle is
based on the Flerning's origmal technique tor determination of the sensitivity of the bacteria to
drugs.

Glass petridisbes of 20 by 100 mm. size were used. Glass cylinders used were of 10 mm.
length and 5-6 mm. internal diameter.

Media added to the petridishes were given in 2 layers. A base layer of 10 "d. of peptone-
casein agar (12), was added first to the petri-dishes. When this became hard a second layer of4
ml. of seeded layer was added and made to spread uniformly over the first layer. Eight glass cy.
liaders were then placed in each plate for a four point asssay design.
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TABLE II;

Turbidimetric method using K. pneumoniae ATCC 10031 with 2 % inoculum

}I

Streptomycin standard graph protocol.
culum strength is more sui-

oculum for the assay and 10

Yen.
Mean of 3 Klett
reading of the

standard

Concentration
mcg/tube Calculated

YL
Calculated

YH
b

120
70
S6

45
37.5
27

o
23.9.S.P. (11) and the principle is

sensinvrty of the bacteria to
69.1

212.626.8
30.0
33.6
37.6

linders used were of 10 mm. 27.2

e layer 01 10 "d. of peptone-
me hard a second layer of 4

the first layer. Eight glass cy-

YL & YH=CaIculated Klett reading for the low and high concentrations.
b~Slope of the line.

Preparation of seed layer :-
A suspension(6) of the organism B. subtilis spores, having optical density 30 % transmit-

tance, using a filter No. 650 mfL in a suitable electrophotometer was prepared and 0,5 of this sus-
pension was added to peptone-casein agar(l2) media for the preperation of the seeded layer.
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Dilution of the standard solution was done" to 50 International Units and 100 International
Units per ml, Test solutions were also similarly diluted (according to the claim). All the di-
lutions were made in phosphate buffer of p H 7.

Three separate plates were used for each sample, and if, it is assumed that each test plate
is a homogenous system, then three separate experiments can be taken to have been done for each
sample.

Separation 0

The a
separation ofi

It is
ing to B.P.(
the followin
content of 0

Equal volumes of each of the dilutions of standard and test solutions were added to the
cylinders. The doses of both standard and test samples were So arranged that two high doses
were placed side by side on the equatorial region of the petri-dishes to minimise over lapping
the zone of inhibition. (Fig. J).

Then aIlowing sufficient time for diffusion (2 hours) in cold, all the plates were given for in-
cubation for 3-4 hours at a temperature of 37°C. The zone of inhibition, after the incubation,
due to the high and low doses of standard and test solutions, were carefully measured.

100 m
filtered. Th
after evapor
Streptomyci
the degree 0

was heated
tion process

The values of some samples as tound by B.P.(7) method are given in Table Ill. The values
of the samples, as found by the above described cylinder-plate method are given in Table IV; and
a comperative value of these samples, as found by turbidimetric method using 2 % suspension of
the test organism, 4 hours incubation method and B.P. (7) method are given in Table-V.
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FIg 1

Separationof Chloramphenicol and Streptomycin mixture :

The advantage of the high solubility of Cholramphenicol in alcohol was taken for the
separation of the mixture of Streptomycin and Chloramphenicol in a capsule.

It is given in U.S.P.(ll) that Streptomycin is very slightly soluble in alcohol and accord-
ing to B.P.(7) and Merck Index(9),-it is almost insoluble in alcohol, We tried to get an idea in
thefollowing way, how much Streptomycin is likely to come along with Chloramphenicol if the
content of our capsuie of the combination of the two drugs is dissolved in alcohol.

100 mg of Streptomycin was shaken very well with 100 ml of alcohol (95 %). It was then
filtered. The filtrate was evaporated to dryness in a water bath (nothing visible was noticed
afterevaporation), and was made solution with 5 ml. of water. Potency of this 5 ml solution for
Streptomycin was seen turbidimetrically according to as previously stated. Table VI showed
thedegree of inhibition with standard solution, in comparision with a standard solution which
was heated for one hour in a water bath. This was done only to confirm that during evapora-
tionprocess of tile alcoholic filtrate in the water bath, there was no appreciable loss of potency.
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Assay of streptomycin by Cylinder plate method (B.P.) using B. subtilis ATCC 6633. (Incubation period 16

TABLE III

R= Recovery experiments.

Sample
No.

1.

2.

3.

4.

5.

6.

7. (R)

8. (R)

9. (R)

10. (R)

l

tU 25I..f')

o
o 20

50

Statisticl data (B.P.

Streptomycin found Degrees Slope Criterion 't'
of b of calculated

% freedom validity
'g'

104 20 14.7 0.034 -1.48-
83.7 20 15 0.168 --{).37-

93.3 20 13.6 0.045 -0.2-
92.68 20 17.5 0.015 -0.27-
84.72 20 4.03 0.11 0.2-
106.2 20 7.93 0.034 0.21-

104.7 20 5.83 0.119 0 •
95.94 20 5.26 0;...5 -0.20-
86.72 20 5.97 0.054 -1.45-
90.61 20 4.83 0.013 0.19-

-Not significant.
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TABLE V
Streptomycin

Comparative value 0/ the samples obtained by difierent methods 0/ assay
pntuTnoniae (11-) Turbidimetric method Cylinder plate method (4 point assay)

ATCC iOO31 Sample Potency found Potency found 16 hrs. incubation 4 hrs. inclubation
No. graphically by calculation

Limits of Limits of
error error

Potency found % Potency found %
1. 103.3% 100.9% 104% 88.04-113.9 94% 85.5-116.1

2. I!O% 103.3% 83.7% 69.82-133 97% 82.2-121

3. 102% 100% 93.3% 85.92-115.6 91.2% 86.2-111.9

4. 93.73% 98.47% 92.68% 91.81-108.6 92.0% 85.2-117.0

5. 106.3% 102.27% 84.72% 79.97-119.9 85.70% 84.37-116.6

6. 100.7% 100.0% 106.2% 87.8-114.4 108.1 % 95.69-104.5

7. 100.7% 100.0% 104.7% 92.76-102.8 87.7% 80.15-123.2

8. 100.7% 100.0% 95.72% 74.3-132.8 84.14% 85.48-115.860 10
9. 108.7% 103.5% 86.72% 83.5-117.4 91.0% 76.47-127.6

10. 99. 7~~ 99.5% 90.61 % 76.83 -129.9 79.61 % 74.71-125.9

October 1966·
lnd. J. Physiol. & Pharmacol:

'C 6633. (lnruhation period 16 hours)

"t'
calculated

Limits of error

034 -1.48· 88.04-113.9

168 -0.37- 69.82-133

.045 -0.2· 85.92-115.6

.015 -0.27- 91.81-108.6

.11 0.2· 79-97-119.9

.034 0.21- 81.8-114.4

119 0 - 92.76-109.8

-0.20- 74.3-132.8

054 -1.45· 83.5-117.4

,013 0.19· 76.83-129.9

Volume10
Number 4
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TABLE IV
Assay of Streptomycin b.v CYlinder plate method using B. subtilis ATCC 6633. (Incubation period 4 hours)

Statistical data (RP.)
Sample Streptomycin found
No. 0/ Degrees Slope Criterion 't' Limits of error,0

of b of calculated %
freedom validity

'g'
1. 93.97 20 12.21 0.047 0.88· 85.5-116.1

2. 97 20 10.17 0.073 0.74· 82.2-121

3. 91.2 20 6.38 0.04 -2.28 86.2-111.9

4. 92 20 8.88 0.011 0.017- 85.25-117.0

5. 85.7 20 5.0 0.049 0 • 84.37-116.6

6. 108 20 6.56 0.004 -0.40* 95.68-104.5

7.(R) 87.7 20 5.83 0.059 1.2 - 80.15-123.3

8. (R) 88.14 20 6.3 0.044 0.87· 85.48-115.8

9.(R) 90.76 20 5.7 0.11 0.9* 76.47-127.6

to.(R) 79.61 20 4.36 0.128 0.128· 74.71-125.9

R-Recovery experiments ·Not significant
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TABLE VI;

Sandard solu-
tion mcgltube

KLETT READING for standard solutions Aliquot in ml. from
5 ml. soln.

With not heated solu- With heated solution (Test solution)
tion (standard) [standard];

(b)

660

28
32,.
36

40

45

40

35

30

45

39

35

30

0.2
55

0.5 50

40

In order to minimise the time for the assay of Chloramphenicol, we attempted to see foll
the effect of the drug on some rapidly growing strain in solid medium-prepared as previously eul

From the Table VI, it can be seen that I ml aliquot of the 5 ml solution, product's the same
degree of inhibition as 32 mcg of standard solution and the heated standard solution does
not show any loss of potency.

Total amount of Streptomycin was expected to come with the filtrate is 32X5=160mcg.,
from 100 mg, which was negligible and ill no way would affect the separation, and the subsequent
assay. The separation of the two drugs, Streptomycin and Chloramphenicol, from one capsule,
was done in the following Why :.-

The content of one capsule was dissolved in 5 ml of alcohol. Filtered; the filter paper
and the residue in it was carefully washed with 3X3 ml. of alcohol. The filtrate contained the
Chloramphenicol and the residue in the filter paper contained the Streptomycin, which could be
made soluble easily with distilled water or phosphate buffer pH 8. Some recovery experiment!
were done by mixing together known amount of Chloramphenicol and Streptomycin.

The Streptomycin was assayed turbidimetrically using 2 % suspension of the test organism
in assay inoculum, by Cylinder-plate 4 hours incubation method and B.P.(7) suggested method.
The results were given in Table HI, IV and V.

B. Chloramphenicol.
In doing the assay of Chloramphenicol, V.S.P. (11) suggested method (Cylinder-plate

method) was followed using the strain S. lutea and incubation time 16 hours.
single point assay, four point assay was done.

SHORT TIME ASSAY

(a) Cylinder-plate method :
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mentionedin two layers--(i) base layer and (ii) seed layer. Search was made for some suitable
strainwhich would grow rapidly in solid media and also would be sensitive to Chloramphenicol.
Thestrain E. coli 99-4, found to be suitable for this purpose.

Then by trial and error, the doses of the standard and test solutions (according to claim)
wasadjusted to 100 mcg/ml. and 200 mcg/ml. in case of short time assay, 50 mcg/ml. and 100
mcg/ml. for 16 hours incubation time assay, and were found satisfactory for the work. The dilu-
tion were made in phosphate buffer pH 6. Assay proceedure for short time Cylinder-plate
method is same as of Streptomycin.

The seeded layer of the media for the assay of Chloramphenicol was prepared in the
following way : .

The culture of E. coli, from 2-3 fresh agar slants, were washed with peptone broth (12)
and its turbidity was adjusted to 50% transmittance using a filter 660 m(J. in a suitable electro-
photometer. 0.4 %-0.5 % of this suspension was used in the peptone-casein agar media(l2)
forthe seeded layer. 4 ml. of this was added to the 10 ml. of base layer of peptone-casein agar.
Equalvolumes of the low and high doses of the standards and test solutions were added to the
cylindersin a manner, already mentioned in Streptomycin assay by Cylinder-plate method. The
disheswere kept in cold to allow diffusion for at least 2 hours, and were then given for incubation.

After 4 hours incubation, the petri-dishes were taken out and the diameter of the zone of
inhibition due to high and low doses of the standard and test solutions were carefully measured.

The result of the assay of some samples by this 4 hours incubation method is given in
TableVU. In Table VIII, results of some of the samples are given. Assay-using S. lntea

and incubation time 16 hours.

(b) Turbidimetric method :

. .
The strains S. aureus and Klebsiella pneumonia, grow rapidly in liquid medium. These

arealso sensitivie to the drug Chloramphenicol, So assay of Chloramphenicol turbidimetrically
was attempted using these strains. Herewith, the use of S. aureus, and 1% of the sus-
pensionof the test organism in peptone. broth (12), having 20 % transmittance, using a filter
660 m(J. in a suitable electro-photometer, was found suitable for the work.

The same technique as was done in case of Streptomycin' assay turbidimetrically, was
followedto determine the suitability of this amount of test organisms suspension in assay ino-
culum. Growth curve, with different concentrations of the suspension of the test organism in
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TABLE VII

Assay 0/ Chloramphenicol by Cylinder plate method using E. coli 99-4 (Incubation period four hours) the inocuh
ween no g

Statistical data (B.P.) tive assaySample Chloram-
No. phenicol Degree Slope Criterion of 't' Limits of error 3-4 hou

found of b validity caleualt- eo
(%) freedom 'g' ed - Ta

I. 92 20 6.9 0.09 -0.27· 80.02 to 122.8 - standard

2. 86.5 20 \0.5 0.04 -1.63· 86.16 to 114.7
3. 90.16 20 11.1 0.062 -0.41· 83.5 to 123.04
4. 93.54 20 8.53 0.097 -0.24· 79.5 to 127.1
5. 97.7 20 8.6 0.088 -.67.- 80.5 to 123.7
6. (R) 87.3 20 6.93 0.012 1.14· 76.97 to 129.5
7. (R) 116 20 15.7 0.026 -0.47· 89.33 to 11\.7
8. (R) 79.43 20 7.5 0.037 o • 86.42 to 113.7
9. (R) 103.5 20 12.26 0.02 0.73· 90.53 to 110.6 j(R) ,= Recovery experiments ·Not significant

TABLE VIII "
Assay of Chloramphenicol by Cylinder plate method (V.S.P. XVl) using S. lutea ATCC 9341. (Incubation period ]

16 hours)

Statistical data (B.P.)
Sample Chloramphenicol

bJNo. found Degree Slope Criterion 't' Limits of error I
(X) of b validity calcula- 1Jl'

freedom v. ted (%) ~I

01- I

1. 95.1 20 15.56 0.011 -0.66· 92.74 to 107.6
2. 92.68 20 12.6 0.045 -0.22· 85.61 to 116.0
3. 85.9 20 14.67 0.039 -0.18- 88.41 to 112.6
4. 97.7 20 14.4 0.02 -0.56* 88.69 to 112.7.
S. 87.7 20 11.67 0.065 -1.1· 82.04 to 120.9
6. (R) 90.0 20 12.5 0.038 -0.24· 85.47 to 116.1
7. (R) 82.6 20 14.4 0.022 -0.26· 87.28 to 113.6
8. (R) 87.7 20 12.2 0.048 0.0 • 84.28 to 116.4
9. (R) 105.0 20 11.6 0.086 -0.52· 80.42 to 125.5 I In

R-Recoveryexperiments ·Not significant value fou
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the inoculum was studied, and the graded response in their log phases with durg, was seen bet-
weenno growth and maximal growth, and by trial and error, the drug dose range for an effec-
tive assay was found to be from 10 mcgluio« to 25 mcglvaoe: The penod of incubation was
3-4 hours in a water bath at 37°C.

tion period four hours)

(RP.)

't' Limits of error
calcualt- eo

ed

-0.27* 80.02 to 122.8

-1.63" 86.16 to 114.7

-0.41· 83.5 to 123.04

-0.24* 79.5 to 127.1

-.67. • 80.5 to 123.7

1.14* 76.97 to 129.5

-0.47· 89.33 to 11l. 7

o • 86.42 to 113.7

0.73· 90.53 to 110.6

Table IX showed the protocol of a standard curve by this method and Graph V, the
standard curve.
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-0.22· 85.61 to 116.0

-0.18* 88.41 to 112.6

-0.56* 88.69 to 112.7.
-1.1* 82.04 to 120.9

-0.24* 85.47 to 116.1

-0.26* 87.28 to 113.6

0.0 • 84.28 to 116.4

-0.52· 80.42 to 125.5
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In Table X, value of some samples, found by this method was given along with the
value found by short time and 16 hours incubation time (Cylinder plate) method.
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TABLE IX

Chloramphenicol standard graph protocol (Turbidimetric method using S. aureus ATCC 6538 P with 1% inoculum
(Trasmittance 20%) (

Mean of 3 Klett
Cone. readings of the Calculated

standard YL

0 99

10.24 32 32.2

12.80 28

16.0 24

20 21

25 15

Calculated
YH

b

101.84 z

t'

15.4

b-" Slope of the line.
yL & Yt+=Calculated Klett reading for the low and high concentrations

TABLE X
Chloramphenicol

Comparative value of the samples obtained by different methods of assay

Turbidimetric method Cylinder plate method (4 point-assay)

Potency Potency 16 hrs. incubation 4 hrs. incubation
Sample found found

No. graphically by cal- Potency Limits of error Potency Limits of error
lation found found

% % % % % %
1. 106.25 101.63 95.1 92.74-107.6 92.04 80.02-122.8

2. 102.5 101.25 92.68 85.61-116.0 86.50 86.16-114.7

3. 108.75 101.81 86.0 88.4-112.6 90.16 83.5-123.4

4. 100.0 100.0 97.38 88.69-112.7 93.54 79.5-127.1

5. 90.0 98.2 87.7 82.04-120.9 97.75 80.5-123.7

6. 91.1 98.7 89.95 85.47-116.1 87.3 76.97-129.5

7. 101.2 100.4 82.6 87.28-113.6 110.0 89.33-111.7

8. 84.4 97.7 87.7 84.28-116.4 79.43 86.42-113.7

9. 96.3 100.0 105.0 80.42-125.5 103.5 90.53-110.6

SUMMARY

1. 1.5% to 2.0 % suspension of the test organism of K. pneumonia, in assay inoculum
was found to be suitable for the assay of Streptomycin turbidimetrically.

2. Growth curves of the organism of K. pneumonia, with different concentrations of
suspension, was. seen, and drug effect on their log phase of growth was studied.
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3. Same device has been adopted to minimise the time of assay of Streptomycin and
Chloramphenicol by Cylinder plate method, and found suitable for routine assay work.

4. An easy method ror the separation of mixutre of Chloramphenicol and Streptomycin
is given herewith, which has been found suitable for routine assay work.

5. Turbidimetric assay of Chloramphenicol, using the strain S. aureus, has been found
suitable for routine assay work.

CONCLUDING REMARKS
The zone of inhibition is dependent on the antibiotic diffusion through the agar and the

zone diameter is a function of the antibiotic concentrations in the cylinder (10). So time of
diffusion is important factor(a) in the assay by Cylinder plate method. A clear zone arises in
the area in which an inhibitory concentration of antibiotic developed before growth was suffi-
ciently advanced to be visible. So, in order to get the result quickly, in doing assay by rapid
method (Cylinder-plate) one must not over-look the importance of the diffusion time.
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