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T E C H N I C A L  P A P E R S  

Direct-reading Photocolorimetry 

John G .  Reinhold' 

The Pepper Laboratory o f  Cli~zical Medici~ze, Hospital of 

the U?ziversity of Pe~z~zsylva?zia, Philadelphia 

The use of photocolorimeters is becoming increasingly 
uidcspread and in many laboratories has completely sup- 
planted the visual colorimeter. When large numbers of 
analyses are made, the calculation of results may becorne 
a tirne-consuming chore. I t  is possible to simplify such 
calculations by an  expedient whereby the scale readings 
are rnade to  express directly the quantities of the un-
known substance analyzed. When applied to the analysis 
of blood sngar, the result in mg per 100 ml can be read 
directly from the scale of the Klett-Surnmerson photo- 
coloiirnetcr. The method is applicable also to other types 
of pliotocolorirneters. 

The relationship between the density of the color in 
the solutions derived from the standard and unknown 
samples and their respective concentrations is  illustrated 
in the cquation 

in which C ,  and C ,  are the concentration of n~aterial  
analyzed in unknown and standard samples; R,, R,, and 
Rb are the readings in terrns of optical density of un-
known, standard, and blanlr samples. 

I f  Rb reads zero or if the instrument is adjusted so 
tha t  Rb= 0 then the foregoing expression becomes 

(1
C,, = R" -'-

R, 
I t  will be seen that  if R, = C,, then C, =l?, and no cal- 
culation is necessary. This relationship seldom is en-
countered; however, it can be established or closely ap-
proxini:~ted bv selection of a filter or wavelength sctting 
that  will have the effect of expanding or contracting the 
light absorption for  each unit of substance to make i t  
divisible evenly into the units of the scale. An adjust- 
ment of shutter or galvanometer setting then can make 
R, eclual to C, or to sorne simple multiljle of C,, nC,. 
Then 

l i *  
(1" = ( 1 "  - I - d )  (n,-n,,+ a )  

where d represents the effect of the shutter adjustment. 
I f  the relationship between light absorption of the solu- 
tion and filter is such that  the change from Rt, = 0 to 
R, =nC, is srnall then d will Ije small and for values 
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of C,, ileal C,, a,, ~vill  be approximately equA to C,,. 
'l'he error a t  C,, = 0 is given by the deviation of Ro from 
zero. 

To illustiate, the following j~roceduie was used in 
adapting the Somogyi-Nelson blood sugar method to this 
system of measurement by means of a Iclett-Summeison 
photocolorinleter. Three standard solutions containing 
glucose eqllivalrnt to blood sugar concentrations of 50, 
100, and 200 mg per 100 ml respectively, and a blanlr 
tube containing reagents only were prepared together 
with the unknowns. A filter having maximum tmnsmis- 
sion a t  540 inp was tested first. With the cuvctte con- 
taining the blank in position and the dial scale set a t  
zero the shutter was adjusted to give a null reading on 
the galvanonletc~. Next the three standards were read 
a i d  scale readings of 65, 120, and 245 were obtained. 
Since these values were not conveniently convertible to 
the corirs1)oliding blood sngar values, a filter lraving 
maximum transmission a t  500 inp was tested. The ad- 
justment of the blanlt to zelo was repeated, and the three 

standards iiolv read 54, 103, and 205. These readings 
approximated the desired range and this filter conse-
quently was selected. For mcasrlrement of blood sugar 
in the normal range, the cuvette containing the 100 mg 
standard was placed in the instrument. The dial \\,as 
set to 100 and tlre galvanorneter restored to the null 
point by iileans of the shutter adjustment. Readings of 
the unhnowns meie then talten directly frorn tlic dial. 
They agreed (within the lirnits of error of the readings) 
with the blood sngar v:tlues for the same specimens eal- 
culated by a conventional procedure. 

When the rnethod is applied to photocolorimeters scaled 
to read trm~smissions, a setting is selected tha t  will give a 
simple fraction when converted to optical density. 1'0 
illustrate, the in thod used in this laboratoiy for  detcimi- 
nation of choleste~ol employs the Evelyn photocolorirneter. 
Two standnrds eontailling 0.4 nlg and 0.8 mg of clroles-
terol togetl~er with the uinknown sarnples are treated with 
acetic anhydride and sulfilric aeid. With the reagents 
currently in use, and when conditions for developnient of 
color are kept uniform, galvanometer readings of the 0.8 
nlg standard closely and consistently approxim:rte 32. 
With the colorcd solution derived from the 0.8 rng stand- 
ard in place, the galvanometer is set a t  31 '. 'l'he op-
tical density (TA value) corresponding to this is  0.498. 
Dividing i t  into 0.8 gives a quotient of 1.G. While this 
quotient is not a ahole number, selection of a serum 
sample of the proper size, in this illstance 0.16 ml, sirnpli- 
fied the final calculation. The result, expressed as  mg 
of cholesterol in 100 ml of blood, is obtained by multi- 
plying the TA value by 1000. Sirnilarly, the second stand- 
ald, if needed, is set a t  56' giving an  L value of 0.250. 
Since the color developed is  not entirely stable, each 
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stalrdald is replaced in the instrument a t  regular inter- 
vals :end the setting readjusted to  maintain the stand- 
ards a t  the desired L values. Marked change in readings 
or laclr of consistency in the color developed by the stand 
ards would preclude use of tlre simplified method, al-
though the same objection would apply to rcsults ob-
tailred by conventional procdurcs.  

The accuracy obtained ill depend on the extent to  
.cvhich the readings of the standards deviate from tllc 
desircxd scale values and the consequent extent of the 
shutter or galvanometer adjustment. I t  has been 110s-
siblc to  select filters or alter sample sizes so tha t  this 
deviation was kept to less than 5 mg per 100 ml for 
blood sugar, 1mg per 100 ml for  blood urea N, and 0.1 g 
per 100 ml for  serurn protein in a range of values cnrdi 
nalily elrcountered. I f  the iniatrurncnt adjustment re-
quired. is  appreciable, error i n c r e ; ~ ~will in proportio,) 
(1) a s  zero is approached, and ( 2 )  as the difference he- 
tween concentration of the ~inknc~wnand tha t  of the 
standard increases. 

Application of this rncthod of calculatiom docs not 
necessarily require that  standards be included with each 
rmr. Tn clinical labox:lto~y piocedurc, Ilo~vever, this is  
clesir:~l)le regardless of tllc system of calculation em- i 

p l o ~ e d ,  p:~rticulally wllnr cyuilibriuln ieactions like those 
involved in blood sugar determinations are utilized. 

Tlrc method described deviates partially from the ac-
cepted principles of photometry and any new applications 
sho~lld be thoroughly tested. Furthermore, it deliberately 
inti oduves :In :~pprouimation and thus should be used with 
discrimiuatio~r. TTowcvcr, it is suitable for  many pur-
poses and has proven to be of grc:~t convenience whcre 
large numbers of analyses :Ire required in a minimal 
peiiod as  in tlre clinical laboratory. IIere it has cxpc- 
dited analyses :lnd decreased the number of errors arising 
in calculation of results. 

l'hc simplified procedure has been applied to  determi- 
nations of blood sugar, urea n i t~ogcn,  serum total protein, 
and free and cstcrificd cholcsterol. The results in each 
instmlcc havc agreed closclg 1~6th those obtained by the 
standard method of readings. Differences havc been 
small and without statistical significance. 

The Separation of Purine and Pyrimidine 
Bases and of Nucleotides by Ion Exchange 

Waldo E. Cohn 
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As a prelude to  tracer studies on thc enzymatic forma- 
tion and degradation of nucleic acids, we have undcr-
taken to  develop ion exchange techniques fo r  the scpara- 
tion and analysis of the various bases, nncleosidcs, and 
nnclcotidcs a t  the milligram level. Although this tccli- 
niquc is  finding increasing application in biochemical 
studics for  separation of these compounds (8 ,  9 )  and 
others (1,2, 6,  7) ,  we were led independently to i ts  use 
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RIG. 1. Separation of purine and pyrimidine bases by 
cation exchange. lochanger :  8.r cm x 0.74 cm* Dowex-50, 
ca. 300 d l , H+ form. Eluting xolubion: 23-IICl' a t  0.6 
ml/min. Text material: 0.5 mg usaeil, 1.0 mg each of 
adenine, guanine, and cytosine, in 7.5 ml 2N-HCl. Re-
coveries: 08.5-101.5% (based on optical density a t  260 my). 

through our earlier experience with radioisotope separa- 
tion by ion exchange chromatography (4, 2 1 ) .  The pres- 
ent note describes briefly methods we havc developed fo r  
the separation of each of the purine and pyrimidine bases 
and of the ribose nuclcotidcs. 

Of the five naturally occurring purine and pyrimidine 
bases, three (cytosine, guanine and adenine) exist a s  
cations in solution of p H  < 4 and hence are able to com- 
bine with cation exchangers. Since their affinities fo r  the 
cation exchanger differ, they may be eluted succcssively 
with such simple reagents as  ITCl or NaCl; this i s  dcm- 
onstrated in Pig. 1. This procedure does not separate 

PIG.2. Separation of purine and pyrimidine bases by 
anion exchange. Eochanger : 8.5 cm x 0.74 cm2 Dowex-Al, 
ca. 300 mesh, C1- form. Eluting solution: O.2M-NH,OH-
NHIC~ buffer, pH 10.6, 0.025 M-C1- (at 575 ml, pII changed 
to 10.0, C1- to 0.1 M),  at 0.25 ml/min. Test material: 1 mg 
cytosine, 2 mg each of other bases, in 10 ml eluting solu- 
tion. Recoveries: 07.5-99% (based on optical density at 
265 my).  


