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Automated Analysis of Erythromycin 
By NORBERT R. KUZEL and HENRY F. COFFEY 

An automated method has been developed for the analysis of erythromycin by adapta- 
tion of the long-established manual U.V. procedure. The method uses a basic auto- 
matic analyzer (Technicon AutoAnalyzer) arrangement and a Hitachi Perkin-Elmer 
spectrophotometer. The method features the concept of the simultaneous determina- 
tion of a sample and its associated blank in a dual-channel arrangement. A unique 
cell positioner controlled by a modified liquid sampler enables the use of only one 
spectrophotometer and one recorder to monitor both channels. In this manner 
critical phasing problems have been eliminated. The system is capable of making at 
least 300 measurements per man per day. This method has been developed for use 

in fermentation broths, process samples, purified materials, and dosage forms. 

RYTHROMYCIN' is a broad spectrum antibiotic 
that has been marketed for many years. 

Kuzel et al. (1) published a spectrophotometric 
method for the manual determination of this anti- 
biotic. This method is still used routinely in 
these laboratories. The method is useful for the 
determination of erythromycin in dosage forms, 
process samples, and fermentation broths. This 
manual method is based on a mild alkaline hy- 
drolysis of erythromycin producing a chromo- 
phore which has an absorbance peak at  236 mp. 
To determine materials other than erythromycin 
which have an absorbance at  236 mp, the 
erythromycin is blanked out by a mild acid treat- 
ment. The absorbance difference between the 
two determinations has been shown to be due to 
erythromycin alone even in the case of degraded 
samples or in fermentation broths. 

Since sample loads had become increasingly 
large, it became necessary to consider an auto- 
mated method. It was decided to attempt auto- 
mation of the spectrophotometric method because 
of the long history of reliability of this method. 
Certain requirements were imposed on the auto- 
mated method. A 1-hr. service is often required 
on certain samples, so i t  became imperative that 
samples and blanks be determined simulta- 
neously. Second, it was desired to duplicate as 
much as possible the manual method and this in- 
volved contending with high blanks in fermenta- 
tion samples. The first requirement necessitated 
the use of either two separate analytical trains or 
a dual-channel system. The second requirement 
would tend to eliminate differential spectropho- 
tometry since phasing problems become very 
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serious with two highly absorbing solutions and a 
relatively low net absorbance. The purpose of 
this paper is to describe a dual-channel system for 
the analysis of erythromycin, but more impor- 
tantly to describe a generalized approach to pre- 
cise, dual-channel spectrophotometry using only 
one spectrophotometer and one recorder, 

EXPERIMENTAL 

Apparatus-The analytical system consisted of 
the following modules: ( a )  automatic sampler2 
(modified), proportioning pump, and heating baths 
(modified) from Technicon Instruments, Inc., 
Chauncey, N.Y.; ( b )  a Hitachi Perkin-Elmer 
spectrophotometer model 139; ( c )  micro flow 
cells 9120-N05, from A. H. Thomas; and ( d )  a 
Honeywell Electronic 15 recorder (linearized). 

Procedure-Figure 1 shows a flow diagram of 
the automated method including all pump tubing 
sizes. A sample is drawn from a liquid sampler 
and is split into two equal portions. 

One half of the sample is drawn into the sample 
channel shown in the lower portion of the figure, and 
the other half to  the blanking channel shown in the 
upper portion of the figure. The sample channel 
will be described first. Sodium hydroxide (0.25 N) 
is diluted with water, and the diluted alkali is added 
to the sample stream, segmented with air, and mixed. 
The stream is heated in one coil of a 65" heating 
bath, cooled, and debubbled just before it enters flow 
cell A of the spectrophotometer. 

The other half of the sample is diluted with water, 
and 0.5 N sulfuric acid is added through an H3 fit- 
ting. The stream is segmented with air, mixed, and 
the erythromycin inactivated in the 43" heating bath 
fitted with 19 ft. of 0.076 i.d. Teflon tubing. As the 
stream leaves the inactivation bath, 0.35 N sodium 
hydroxide is added to adjust the stream to the same 
alkalinity as the sample stream. The blank stream 
enters the second coil of the 65" heating bath, is sub- 
sequently cooled and debubbled, and enters flow cell 
B of the spectrophotometer. 

The streams are drawn through the flow cells by 
pumping a controlled amount from the flow cells 
while the excess solution and air flow to waste just 

a AutoAnaiyzer SampleriII. 
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ahead of the flow cells. The two channels are alter- 
nately monitored in the spectrophotometer at 236 
mp by use of a unique cell positioner. The cell posi- 
tioner is controlled by a modified liquid sampler. 

Standards are run about every 10 or 20 samples, 
since the stability of the system has been excellent. 
Reference standard erythromycin base is dissolved in 
about 10 ml. of methanol and diluted to a concentra- 
tion of about 250 mcg./ml. with pH 7.0 phosphate 
buffer. Only one concentration of standard is used 
since the response of the system is linear. Samples 
are diluted to  about the same concentration as the 
standard, with the exception of fermentation broths, 
which are diluted with water so that the maximum 
absorbance of the sample does not exceed the ab- 
sorbance range of the analytical system. In  these 
laboratories, this is equivalent to about 2l-100 mcg. 
of erythromycin per ml. of diluted broth. Duplicate 
cups of sample solutions are generally placed in the 
liquid sampler, and the results of the duplicates are 
averaged for calculation purposes. The sampler is 
operated at 20 samples per hour with a 1 :2 sample 
rinse ratio, so that about 10 samples and blanks in 
duplicate are processed each hour. Polyoxyethylene 
(23) lauryl ether3 is added to  deionized water, and 
this solution is used as the diluent in the automated 
method. 

RESULTS A N D  DISCUSSION 

The automated method follows Beer's law over the 
entire absorbance range of the system, and the 
steady state response is very stable. In fact, the 
steady state has been used to follow long-term hy- 
drolysis curves of several esters of erythromycin in a 
dynamic system. Figure 2 is a photograph of 
typical response curves obtained on standards and 
relatively pure materials. The response a t  the left 
of the photograph shows the stable base line obtained 
and the ability to match flow cell blanks with the cell 
positioner. The short spikes seen on the base line 
are the switch points of the flow cells. Peaks 1, 3, 
and 5 are standards and peaks 6, 8, and 10 are the 
blanks associated with the standard. Peaks 7 and 9 
are the first sample and 12 and 14 are the associated 
blanks. It is apparent that the blanks are located 
about midway between sample peaks and are offset 
from their respective samples by 5 places due to the 
difference in transit times of the two channels. A 
time delay coil could be installed in the sample 
stream to provide adjacent sample and blank peaks if 

8 Marketed as Brij 35 by Atlas Chemical Industries, Inc., 
Wilmington, Del. 

SAMPLER I1 

Fig. I-Flow diagram of the automated 
method for  erythromycin. 

Fig. .?-Recording of replicate samples of erythromycin 
sbndards and samples of relatively pure materials 

illustrating the dual-channel recording technique. 

Fig. 3-Recording of replicate samples of erythromycin 
fermentation broth samples. 

desired. The excellent reproducibility of the system 
is evident in the illustration. There is no sample 
interaction, although this is not clearly illustrated in 
Fig. 2 because of the necessity for cell switching. In 
practice, small changes in phasing occur from day to  
day and within days; but since only individual peaks 
need to be observed, rephasing is  hardly ever re- 
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wanted to use the Hitachi Perkm-Elmer model 139 
spectrophotometer because of its excellent stability 
and proven performance. The only cell positioner 
available for this combination of components was the 
A. H. Thomas cell positioner but, unfortunately, it  
was not designed to  position microflow cells with 
small cell windows, and large errors were observed in 
its use due to positioning problems alone. With no 
other cell positioner commercially available, the 
authors decided to  design and build a precision cell 
positioner. Figure 4 is a photograph of the interior 
of the cell positioner that was constructed from this 
design. Only two positions were required for this 
application, so a unit was designed that would posi- 
tion between two adjustable stops. The stops can 
be seen mounted into the ends of the cell compart- 
ment. A new cell holder carriage was made to  pro- 
vide a 6rm grip on the cell holder. The manual cell 
positioner shaft was removed from the cell compart- 
ment and was replaced by a smooth shaft fitted at 
one end with a ball joint which engaged a pin 
fastened to the underside of the cell holder carriage. 
The other end of the shaft was connected by means of 
a partially threaded pin to the shaft of the cell posi- 
tioner assembly. The cell holder carriage can be 
easily uncoupled from the cell positioner and moved 
manually to  one of the other two cell positions, if de- 
sired. A Slo Syn motor (SS25 Superior Electric Co., 
Bristol, Conn.) operates a yoke fabricated from an 
acetyl resin' which in turn is mounted on the sliding 
shaft of the cell positioner. The yoke drives the 
shaft until one end of the cell holder carriage contacts 
one of the adjustable stops and the remainder of the 
stroke is taken up by a spring located within the arms 
of the yoke. A similar action occurs on the return 
stroke. The spring between the arms of the yoke is 
slidably mounted on the cell positioner shaft and is 
retained by small horseshoe-shaped keepers. In ad- 
dition to providing facilities for overtravel of the 
yoke, the spring also assures a firm reproducible con- 
tact with the adjustable stops and reproducible cell 
positioning. The stops are adjusted from the out- 
sideof the cell compartment for proper cell alignment 
and matching of cell blanks. The ,310 Syn motor 
used in this device caused an annoying vibration in 
the cell positioner, and the condition was corrected 
by installation of a 500 ohm 5-w. variable resistor in 
parallel with the motor. This dropped the voltage 
applied to the motor to about 50 v. 

A cell positioner should be interlocked with the 
rest of the analytical train so that a slow cumulative 
drift cannot occur. The positioner just described is 
controlled by a special modification of the automatic 
sampler. Figure 5 shows a wiring diagram of the 
control circuit for the cell positioner. A microswitch 
was installed on an existing mounting post inside the 
sampler. This switch is labeled as Technicon 
sampler switch in the diagram and is actuated by a 
double rise split cam attached to  the shaft of the 
sampler timing motor. The cam on the timing 
motor is split so that the ratio of dwell times in posi- 
tions A and B of cell positioner can be varied, if 
necessary. As the sampler switch is moved to one 
position, it completes a circuit through the switch on 
the cell positioner and through the motor. The 
motor will drive until a single rise cam attached to 
the motor shaft opens the cell positioner switch and 

TABLE 1-COMPARATIVE DATA ON ERYTHROMY- 
CIN SAMPLES 

Auto- Micro- 

1 938 mg./Gm. 937 970 

3 905 mg./Gm. 907 965 
4 930 mg./Gm. 936 960 
5 20,600 mcg./ml. 20,300 
6 44,900 mcg./ml. 44,700 
7 2,430 mcg./ml. 2,670 2,180 
8 2,100 mcg./ml. 2,150 2,320 
9 1,480 mcg./ml. 1,560 1,280 

Lot No. Manual matic biological 

2 932 mg./Gm. 926 933 

Fig. 4-Interior of the cell positioner. 

quired. A water blank is inserted in the sample tray 
occasionally to  assure that no base line drift has oc- 
curred. Relative standard deviations of the average 
of five replicates corrected for blank are typically less 
than 1 yo. Occasionally deviations greater than 
those indicated are observed in the sample readings, 
but when the associated blanks are subtracted, the 
relative standard deviations are normal. This may 
occur because of some contamination of the sample 
by the sample cup since sample cups are not pre- 
washed in this laboratory. 

Figure 3 illustrates typical response curves ob- 
tained on fermentation broth samples. Peaks 1 and 
3 are standards and 6 and 8 are the respective blanks. 
Peaks 5 and 7 are the first broth sample and 10 and 
12 are the blanks for the first sample. The blank 
absorbances in this case are much higher, and net 
absorbances are relatively small. The need for pre- 
cision in the system is readily evident. This also il- 
lustrates the problems that would occur if a differen- 
tial spectrophotometric method were employed sincc 
only slight phasing changes would result in gross 
errors. 

Some comparative results are shown in Table I. 
Validity of the analysis is demonstrated by compari- 
son with microbiological assays. The first four re- 
sults are on relatively pure materials, the next two on 
process samples, and the last three on fermentation 
broths. The automatic and manual methods are in 
good agreement, and both closely follow the results 
obtained by microbiological analysis. 

Previous experience in this laboratory with a large 
number of flow cells has resulted in a distinct prefer- 
ence for the design of the A. H. Thomas flow cell. 
This flow cell has excellent clearance characteristics, 
has a small internal volume, and any occasional air 
bubbles are readily cleared. The authors also 4 Marketed as Delrin by E. I. duPont de 1yemoqrs & Co.,  

Wilmington, Dd, 
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Fig. 5-Wiring diagram of the control circuit for  the 
cell positioner. 

thus opens the circuit. This action corresponds to 
one switching movement of the flow cells. The 
sampler timing motor continues to  run until the 
double rise cam returns the sampler switch to its 
former position, whereupon the motor circuit is again 
closed and the motor drives to its former position, 
thus completing its switching cycle. Large spikes 
resulting from temporary blockage of the light path 
due to switching are prevented from being recorded 
on the recorder by insertion of an air damped relay 
into the servo motor circuit of the recorder. The 
relay is activated every time the motor is energized. 
The delay can be adjusted to essentially eliminate 
any spikes without significant loss of meaningful 
recorded data. The cell positioner can also be oper- 
ated manually for set-up purposes by use of the A and 
B position manual switch. The cell positioner as 
described was designed for a sampling rate of 20 per 
hour. If a higher sampling rate is desired, the 
number of raised portions on the split cam mounted 
on the sampler timing motor must be increased to  
correspond to  the number on the programming cam 
controlling the sampler. 

Approximate phasing of the two channels was ac- 
complished in the usual way by insertion of a time 
delay coil in one of the channels. The cell positioner 
must then be phased with the sampler so that cell 
positioning is achieved a t  the appropriate time. 
This was accomplished by designing a new program- 
ming cam for the sampler. A double rise split cam 
was fabricated from the acetyl resin and both halves 
of the split cam can be rotated with respect to the 
center hub of the cam which is driven by the timing 
motor. Adjustment of the split cam provides for a 
variable sample to  rinse ratio. Rotation of the ad- 
justed split cam on the hub provides for advance or 
delay of sampling with respect to the double rise cam 
controlling the cell positioner and in effect controls 
the time span between sampling and cell positioning. 

The absorbance of the solutions in both channels is 
recorded on a Honeywell Electronic 15 strip chart 
recorder equipped with a 1 cycle log-characterized 
slide wire and having a range of 0 to  1 absorbance 
unit. This recorder provides a very precise and reli- 
able recorder for spectrophotometric work a t  mod- 
erate cost. Linear potentiometric recording cannot 
be done on the instrument modified in this manner; 
but since this recorder was to be used for spectro- 
photometric work only, this limitation is not serious. 

The lengths of the various heating coils, the tem- 
peratures of the baths, and the concentration of re- 
agents were all experimentally determined to sub- 
stitute for the conditions found in the manual 
method. A 9-min. acid inactivation of the erythro- 
mycin a t  43" with 0.5 N sulfuric acid was found to be 
equivalent to the 1-hr. inactivation a t  room tern- 
perature with 0.25 N sulfuric acid as performed in the 
manual method. A plateau between 38 and 48' was 
found for the inactivation temperatures. Any tem- 
peratures above or below these figures produce high 
and invalid blanks. 

Certain special precautions need to be observed in 
the use of this system. Because of the low wave- 
length, i.e., 236 mp, considerable and variable ex- 
traneous U.V. absorbance can be picked up from 
some lotsof Tygon tubing especially in the presence of 
warm alkaline solutions. Teflon, polyethylene, or 
glass tubing was used throughout the system except 
for the pump tubings. The cell compartment was 
fitted with an A. H. Thomas high rise cell cover and 
the cells were connected to the debubbler fitting with 
thin wall flexible polyethylene tubing. Relative 
dilutions in the two channels are important in a dual- 
channel system, especially where one channel is a 
blanking channel having high absorbance. In an 
attempt to  determine relative dilutions, erythromy- 
cin was run as a sample in both channels, but sub- 
sequently it was found that some erythromycin was 
destroyed in the extra heating step of the blank 
channel. A stable compound having U.V. absorb- 
ance at 236 mp was needed, and sodium benzoate was 
found to work very well for this purpose. The pump 
tubings are adjusted until both channels provide the 
same dilution of the sample. The model 139 spec- 
trophotometer has a very rapid response, and 
somewhat noisy tracings were initially obtained. 
By using the spectrophotometer in its slow response 
mode, very smooth response curves were obtained 
without any loss in precision. 

ANALYTICAL POTENTIAL 

Aside from the use of this method for the analysis 
of erythromycin, this paper describes a general 
method of monitoring two analytical streams for 
both U.V. and colorimetric methods while using only 
one spectrophotometer and one recorder. This was 
made possible by the design of a precise cell posi- 
tioner obviating the need for differential spectro- 
photometry and its attendant phasing problems. 
The unique design of the cell positioner also permits 
the use of microflow cells in a cell positioner suitable 
for use with a Hitachi Perkin-Elmer spectrophotom- 
eter. The cell positioner design could easily be 
adapted for use with other spectrophotometers. 
The concept of a cell positioner controlled by the 
modified automatic sampler could be utilized in a 
number of other applications. 
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