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found that the no pretreatment sections a t  60-minute water 
wash are as clear as the 30-minute treated sections; however, 
the original problem of inconsistent staining is not corrected by 
the longer water wash. Excessively long water washes before 
silver nitrate treatment or after treatment but before exposure 
to light result in diminution or complete absence of the line of 
healing. The ether-acetone is the most important pretreat- 
ment. Further steps only tend to  improve the contrast between 
calcified and uncalcified areas. 

I n  
Figure 4 are pictures of a series of bones, treated with ether- 
acetone solution followed by a \\-ater wash of 7 ,  15, or 30 minutes, 
taken within 2 hours of staining and the same bones photo- 
graphed again approximately 30 hours after staining. These 
bones were exposed to  ordinary room lighting for a t  least half of 
the 30 hours. It is obvious that rapid discoloration of the bone 
surfaces is not a problem. Again there is a definite improve- 
ment with increased water-wash time until a t  30 minutes there 
is little, if any, change during the 28-hour time lapse shown. 

It has been observed that if the prepared slide is adequately 
washed, then allowed to  dry, the line appears unchanged upon 
rehydration, even after several months. 

How soon after staining must the sections be scored? 
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Other investigators have followed procedures in which the 
bone sections are placed in either 10% formalin or 95% ethyl 
alcohol for 3 hours to several days ( 2 ) .  These variations were 
studied, but were found to  provide staining not as clear as the 
extraction procedure described here. 

Figure 1 shows a comparison of results of the old technique 
and of the revised procedure just described. The two sets of 
bones shown here were taken from the same animals, those above 
from the right leg, and those below from the left leg. The 
greater clarity and more precise stain greatly reduce the re- 
quired judgment and result in a more reproducible score bringing 
the variation in the method closer to  that of the rat  itself. 
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A Simple Volumetric Assay for Sodium Borohydride 
D. A. LYTTLE, E. H. JENSEN, AND W. A. STRUCK 

Research Laboratories, The  Upjohn Co., Kalamasoo, Mich. 

H E  increasing importance of sodium borohydride as a reduc- 
Ting agent has made a rapid :tnd convenient assay procedure 
desirable. *% volumetric method has been developed in which 
sodium borohydride is oxidized with potassium iodate which 
must be present in excess. Unreduced potassium iodate is de- 
termined by the usual iodometric procedures. The method is 
reproducible, faster than methods based upon measurement of 
the volume of hydrogen evolved on aridification of sodium boro- 
hydride, and can be carried out with simple volumetric equip- 
ment. 

One published method (1 ) for the determination of sodium 
borohydride involves a measurement of the volume of hydrogen 
evolved upon acidification of an aqueous solution. This method 
appears to be accurate, but has several disadvantages, inasmuch 
as it is somewhat slow, and cannot be used conveniently for 
kinetic studies or similar applications where the amount of sodium 
horohydride present a t  any instant in a solution of changing con- 
centration must be determined. The gasometric determination 
also requires more specialized equipment than may be available 
to  many ivorkers. 

A second method ( 2 )  has been described which consists of the 
titration of sodium borohydride with a solution of iodine in 
huffered solution a t  pH 7.0. KO details are given in the publica- 
tion, but the method seems to  be limited to  p H  7.0, a pH a t  
which sodium borohydride is less stable than in alkaline media. 
Furthermore, the method suffers from the disadvantage of 
utilizing a relatively unstable reagent. 

The present method is based upon the stoichiometry shown in 
the follon-ing equation: 

3BH4- + 4103- + 41- + 3HzBOa- + 3HzO 

and involves the addition of a sample of sodium borohydride, 
either solid or in alkaline solution, to  an excess of standard potas- 
sium iodate. If solid sodium borohydride is used, alkali must 
be added to  the iodate. Potassium iodide is then added, fol- 
lowed by acid, and the liberated iodine is titrated with standard 
t,hiosulfate. 

While the equation accurately expresses the over-all stoichi- 

ometry of the reaction, considerable difficulty was experienced in 
early experiments, inasmuch as results tended to be low and 
erratic.. A systematic study was therefore made of the following 
variables: 

1. 
2. 
3. Influence of pH in the sodium borohydride-iodate 

4. 

Concentration and total amount of iodate required 
Effect of time in the different phases of the procedure 

Stability of sodium borohydride in alkaline solution 
reaction 
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Titration of Commercial Sodium Borohydride Figure 1. 

All expr’riments were carried out with commercial sodium 
borohydride of about 95% purity. Comparison of the present 
method with the “hydrogen evolution” method was made using 
aliquots of the same alkaline solution of sodium borohydride. 
Agreement between the two methods was very good. Values 
obtnined by the iodate method were slightly higher than those 
obtained by the “hydrogen evolution’’ method. 

A. a result of the study, the following conclusions were reached: 
1. A large excess of iodate is required for a quantitative de- 

termination. The absolute excess necessary is smaller when 
higher concentrations of iodate are used (Figure 1). 
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2. 

3. 

The borohydride reduction of iodate appears to be an 
instantaneous reaction. 

The presence of alkali in amounts greater than that neces- 
sary to neutralize all boric acid formed has no effect on the reac- 
tion between iodate and borohydride. 

Commercial sodium borohydride deteriorates rapidly in 
aqueous solution, but is fairly stable in basic solutions-the 
higher the pH the greater the stability (Figure 2). 

4. 

REAGENTS 

Sodium hydroxide, reagent grade, 0.5 N 
Sulfuric acid, reagent grade, 4 N 
Potassium iodate, standard, 0.25 N 
Sodium thiosulfate, standard, 0.10 A' 
Potassium iodide, reagent grade 
Amylose starch indicator 

PROCEDURE 

A 20- to 25-mg. sample of sodium borohydride is dissolved in  
25 ml. of 0.5 N sodium hydroxide. Standard potassium iodatr 
(35.00 ml., 0.25 N) is added immediately, and the flask is swirled 
vigorously for 30 seconds. Two grams of potassium iodide are 
added, followed by 20 ml. of 4 AT sulfuric acid. The flask is 
allowed t o  stand in darkness for 2 or 3 minutes before the liber- 
ated iodine is titrated with 0.10 A' sodium thiosulfate (starch 
indicator). Sodium borohydride is hygroscopic, so suitable 
precautions must be taken in handling it. A dry box may be 
used, or a larger sample may be weighed quickly and dissolved 
in a proportionately larger amount of 0.5 N sodium hydroxide, 
from which an aliquot containing approximately 20 to 25 mg. 
of sodium borohydride is taken. The weight of sodium boro- 
hydride can be calculated by means of the following formula: 

Mg. of NaBH4 = (ml. of KI03 X normality - 
ml. of Na2S203 X normality) X 4.731 

The equivalent weight of sodium borohydride is equal to one 

Time in hours 

Figure 2. Deterioration of Commercial Sodium 
Borohydride in  Different Solutions 

eighth of the molecular weight (BH4- + 3H20 --+ H2B03- + 
8H+ + 8e). 
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Use of Anthrone Reaction for Determination of Carbohydrates in the 
Presence of Serum Protein 

b1. R. SHETLAR 
Research Laboratory, Veterans Administration Hospital, and The Oklahoma Medical 

Research Foundation, Oklahoma City ,  Okla. 

HEN compared to the tryptophan method of Shetlar, 
wFoster, and Everett ( 5 ) ,  the anthrone method for the de- 
termination of the polysaccharides in serum recently proposed 
by Graff, Greenspan, Lehman, and Holechek ( I )  has an ad- 
vantage of greater specificity for carbohydrates. However, 
the absorption curves resulting from the reaction of serum pro- 
teins with anthrone show an absorption maximum a t  530 mp as 
well as the maximum a t  620 to 625 mp which is characteristic of 
the hexose-anthrone reaction. Morris (3) noted that a red 
color was obtained with certain proteins, and Seifter, Dayton, 
Sovic, and Muntnyler ( 4 )  reported that tryptophan reacted 
with anthrone to produce a solution with a maximum absorp- 
tion a t  515 mp. None of these investigators apparently realized 
that some reaction between tryptophan and carbohydrate would 
also undoubtedly occur as reported in the work of Shetlar, Foster, 
and Everett ( 5 ) .  The maximum absorption for this reaction is 
a t  500 mp. 

The following work was undertaken in order to clarify the 
question as to what the interfering reaction or reactions might 
be and to determine whether this reaction might interfere with 
the determination of polysaccharides in serum and in tissue. 

REAGENTS 

Anthrone reagent, 0.15% anthrone in 95% sulfuric acid. As 
recommended by Viles and Silverman ( 6 ) ,  this reagent was 

aged a t  least 4 hours and was discarded after it became more than 
9 days old. The solution was kept in the refrigerator when not 
In use. 

S ine  hundred and fifty milli- 
liters of concentrated sulfuric acid (Du Pont, C.P. reagent grade, 
specific gravity, 1.84 at 15" C.), xere added to 50 nil. of distilled 
water. 

Sulfuric acid, 95% by volume. 

EQUIPMENT 

All measurements of optical density were made in a >lode1 14 
Coleman spectrophotometer. 

EXPERIMENTAL 

Method of Heating after Adding Anthrone Solution. Graff 
et al. ( I )  employed a method by which the anthrone was added 
to the carbohydrate solution a t  room temperature. The heat 
evolved due to hydration of the sulfuric acid is sufficient to cause 
the reaction. However, Seifter et al. ( 4 )  reported that consider- 
able discrepancies occurred among identical samples of glucose 
by this procedure, and devised a method consisting of adding the 
anthrone to cooled sugar solutions, followed by a heating period 
in a boiling water bath. The question remained as to which of 
these procedures would favor the development of the reaction 
characteristic of carbohydrate-anthrone and retard the develop- 
ment of the reaction characterized by the absorption a t  530 mp. 
Consequently, human serum was diluted with twice the volume 


