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Factors Affecting Penetration of Methylene Blue and Trimethyl 
Thionine into Living Cells.* 

M ATILDA MOIL 1 K S 11 A UER BROOKS. 
From the Department of X o d o g y ,  mt ivcrsit?j o f  Califmi&z, awcl th.e Marine 

Rinlogkal IAZ b or(( t o r y ,  1Vootl.q Hol c , M ass. 

Since some confusion has arisen lately concerning the identity of 
the dye which penetrates into the vacuole of living plants of Nitella 
and Vdonia, the writer has undertaken to analyze the causes of this 
apparent discrepancy. 

Irwin', '' has attempted to show hy spectrophotometric determina- 
tions that the dye from solutions of methylene blue which penetrate3 
the sap of these plants, is not methylene blue as originally stated by 
the writer3# * but is rather some lower oxidation product, trimethyl 
thionine. This forms readily in alkaline solutions of rnethylene blue 
and penetrates as a free base, whereas methylene blue is completely 
dissociated and according to Irwin does not penetrate living cells 
except during injury. 

The writer, on the other hand, also using the spectrophotometer 
to determine the identity of the dye found in the sap of these plants, 
iound only methylene blue present. 

An analysis of the differences in methods used by Irwin and the 
writer has been made. The following main points of divergence 
have been tested. 

PH vaalzre. The writer used pH 8.83 while Irwin used 9.5 
and 10.9. The use of the higher pH values in the external solution 
introduces 2 errors: first, precipitation of Mg (at pH 10.9) from 
sea water which produces a solution unbalanced with respect to 
cations. Such unbalanced solutions affect the permeability of all 
plant cells for which we have any data. The second effect of high 
pH value is the relatively rapid conversion of methylene blue into 
trimethyl thionine and related dyestuffs. 

Impurity of the dye. The writer used Clark's methylene blue 
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while Irwin used Nerck’s medicinal and French’s. The spectro- 
photometric readings of all these dyes showed them to be pure 
methylene blue. But since the spectrophotometric method is not 
refined enough to show the presence of 5% or less of trimethyl 
thionine in a solution of methylene blue, according to H ~ l r n e s , ~  im- 
purities of this amount in presumably pure solutions of methylene 
blue would escape detection. For this reason, the spectrophotome- 
tric analyses of all these dyes failed to show whether there were any 
impurities present. 

However, in comparing the rate of penetration into Vdonia ot 
samples of Merck’s and Clark’s dye, it was found that Clark’s pene- 
trates much slower than Merck’s under similar experimental condi- 
tions. Also the absorption maximum of sap into which Merck’s dye 
had penetrated was 662mp, as compared with 667mp, the maximum 
obtained from Clark’s dye in sap. This shows that the methylene blue 
penetrating from Clark’s dye is more nearly pure than that penetra- 
ting from Merck’s. Irwin? also notes that Clark’s penetrates slower 
than Merck’s and produces an absorption maximum at a longer wave 
length than Merck’s or French’s.’ 

Since trimethyl thionine penetrates faster than methylene blue 
and colors the sap more rapidly, the dye which penetrates the slow- 
est was considered the purest. This was Clark’s. 

3. concentration of dye in external solution. Irwin used from 
3 to 25 times the concentration of dye used by the writer, or . O l %  
and .Ma/, (which is equivalent to .00031 M and .00125 M )  as  com- 
pared with .000047 M and .000095 M used by the writer. There is 
a greater amount of trimethyl thionine present in higher concen- 
trations of methylene blue than in lower ones. Since the rate of 
penetration of trimethyl thionine is faster than that of methylene 
blue, experiments have been made which show ahow this error can 
affect the results. 

4. Light. Irwin’s experiments were done in an incubator “with 
air holes” while the writer’s were done in normal conditions of illu- 
mination. 

Itzjzcry. It is possible that the high pH values and concen- 
trations used by Irwin may have caused injury to her plants. Her 
observation of loss of turgor is a point in case. Where no morpho- 
logical changes can be observed as in the writer’s experiments, the 
only way at present of determining whether a plant has been per- 
manently injured is by noting how long it survives after having 
been replaced in its normal environment. Since all the plants used 
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by the writer lived as long as the controls, no irreversible injury was 
niani f est. 

I t  has been shown that the apparent discrepancies in the findings 
of Irwin and those of the writer nlay be attributed to differences in 
methods. It seems best, therefore, in comparing results found by 
cne investigator with those of another, to make sure that identical 
methods have been used, otherwise it is not justifiable to expect 
similar results. Differences creep in which are responsible for much 
confusion. 
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Tissue Lactates and Blood Lactates as Affected by 
Muscular Exercise. 

E. G. XABTIN, J. FIELD I1 AND V. E. HALL. 

From the Laboratory of P7i y,vi.oZogy, Stan.ford University. 

In dogs anesthetized with amytal the following preparations were 
made: 3 fore limb muscles and 2 hind limb muscles were prepared 
for rapid excision, with care to avoid injury to said muscles or in- 
terference with their blood atid nerve supply. A carotid artery was 
cannulized, and a brachial vein and the inferior vena cava below 
junction with the renal veins were exposed. The blood vessels lead- 
ing to both kidneys were tied off. Stimulating electrodes were im- 
bedded under the skin of the back at the levels of the first lumbar 
and last sacral vertebrae.' 

Continuous records of arterial blood pressure and of oxygen con- 
sumption were made. At the end of a 15-minute basal period a 
sample of arterial blood was drawn and one fore limb muscle rapidlv 
excised and thrown at once into liquid air. Artificial exercise (con- 
fined to the hind quarters by the location of the electrodes) was then 
induced for 15 minutes. At the end of the exercise period blood 
samples were drawn from the cannulized artery, from the inferior 
vena cava (representing the outflow from worked muscles) and 
from the brachial vein (representing the outflow from non-worked 
tnuscles). One hind limb muscle (worked) and one fore limb mus- 
cle (non-worked) were excised rapidly and thrown into liquid air. 

At the end of a recovery period approximately one hour in length 
blood samples were again drawn, as above, and one previously 
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