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known, this phosphatide contains phosphoric 
acid esterified with inositol suggesting i t  to be 
an anionic agent. The effects of heparin on 
electrophoretic mobility of lipoproteins in vivo 
remain unexplained. However, the effects on 
both alpha and beta lipoprotein are qualita- 
tively the same as those seen after incubation 
with anionic agents in vitro (4). 

Lipoprotein densities studied ultracentrifu- 
gally are unrelated to ionic charges of surface 
active agents; however, density changes sug- 
gest binding of agents by lipoproteins. 

The prealbumin fraction observed after in- 
cubation with anionic agents has also been re- 
ported after injection of heparin(9) and after 
incubation of serum with sodium oleate(3). 
Reasons for the marked difference between the 
effects of these agents on lipid and protein pat- 
terns are not apparent. If all lipids are bound 
to only a small portion of total serum, protein 
changes in the migration of this small portion 
might not be detected on paper electrophoresis. 

Summary. The effects of incubation of se- 
rum with various surface active agents on 
serum lipids and protein patterns have been 
studied on electrophoresis and in the ultracen- 
trifuge. Direction of migration of lipid in 
electrophoresis depends upon the charge of 
surface active agents. Anionic surface active 
agents increase migration rate of both alpha 
and beta lipoproteins toward the anode. Cati- 
onic agents either decrease migration rate of 
lipids toward the anode or cause them to move 
toward the cathode. Non-ionic agents cause 

complete loss of mobility of all lipids toward 
either electrode. These effects could be ex- 
plained by assuming that surface active agents 
are bound to lipoproteins and contribute their 
charge in the migration of these lipoproteins. 
Effects of surface active agents on protein 
patterns are less pronounced. Surface active 
agents either increase or decrease density of 
serum lipoproteins as studied in the ultracen- 
trifuge suggesting that these agents are bound 
to lipoproteins. However, prediction of ef- 
fects of these agents on lipoprotein densities 
cannot be made from knowledge of the charge 
present on the agent. 
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Measurement of Compounds of Vit. B,; Group in Blood." (24029) 

DAVID B. COURSIN AND VIXGIXIA C. BROWN (Introduced by Samuel P. Bessman) 
Research Institute, St. Joseph's Hospital, Lancaster, Pa. 

Using a spectrophotofluorometric technic hydrogen peroxide and ultraviolet irradiation 
( 1) Duggan and Udenfriend have shown that on these fluorescent curves. Initial studies es- 
the Vit. BG group could be detected in concen- tablished optimal conditions for fluorescence 
trations as low as 0.001 M/ml( 2 ) -  We con- of these compounds to be in 0.1 molar phos- 
firmed these observations, and extended the phate buffer of a p~ 6.75. The ideal con- 
use of this technic to demonstrate effects of centration for studying activity was found in 

*This work supported in part by grant from Hoff- the range of a 1 micromole/l- Table I out- 
lines the fluorescence of a 1 micromolar stand- 

.- 

man LaRo&e Labs. 
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ard solutions of each of the free forms of Vit. 
B,; to Xenon lamp activation: after exposure 
to 10 lambda quantities of hydrogen peroxide 
(3% and 30% concentration): and after es- 
posure to ultraviolet irradiation ( 1  and 5 min- 
ute duration) using a quartz mercury vapor 
lamp at  3 cm. Hydrogen peroxide does not 
affect activity of pyridoxine or pyridoxamine. 
However. there is partial destruction of pyri- 
doxal by a 3% solution and complete destruc- 
tion by a 30‘j/r concentration. The effects of 
ultraviolet light were comparable in all 3 
forms with partial destruction at  1 minute 
and progressive deterioration with time to 
complete disappearance of activity at 5 min- 
utes. These experimental data suggested that 
if the minute quantities of \‘it. €3,; present in 
blood could be isolated. these procedures 
would facilitate their identification and quan- 
titation. Concern over the possibility of alter- 
ing the fluorescent patterns led to esploration 
of a number of physical chemical approaches 
to the problem with ion eschange columns and 
extraction procedures. Of these. the most siic- 
cessful has been with acetone estraction of 
heparinized fresh human whole blood. 

Method. A 1 ml sample of fresh whole 
blood was extracted with 2 5  ml of reagent 
grade acetone in an amber glass container. 
The mixture was shaken 30 minutes and then 
evaporated to dryness. The residue was taken 
up in 5 ml of 0.1 molar phosphate buffer of 

pH 6.75. The sample was cleared either by 
high speed centrifugation (20,000 rpm for 30  
minutes) or by a Morton sintered glass filtra- 
tion. A 1 ml aliquot was activated by the 
Xenon lamp at  335 mp with simultaneous 
scanning showing a peak value for total fluor- 
escence at  400 mp. A 10 lambda quantity of 
a 30% solution of hydrogen peroxide was 
added to the sample to destroy pyridoxal ac- 
tivity, and the reading procedure repeated. 
The sample was then exposed to ultraviolet 
irradiation for 5 minutes to destroy pyridoxa- 
mine, and fluorescent output again deter- 
mined. A comparison of readings obtained at 
these 3 peaks with known standards that had 
been similarly treated provided direct quanti- 
tative measurement of pyridoxal and pyri- 
doxamine in the blood. The possibility of 
pyridoxine and pyridoxic acid being present in 
the sample was considered. However, studies 
with pyridoxic acid have shown it to be ex- 
cited at  an activating wave length of 330 mp 
with a peak fluorescence at  430 mp. Conceiv- 
ably. traces of pyridoxine could be present, 
but well documented experiments with micro- 
biological assay and ion exchange columns 
have repeatedly failed to demonstrate the 
presence of this form in blood(3.4). 

Results. This procedure has permitted 
quantitative measurement of individual mem- 
hers of the Yit. B,; group in standard solu- 
tions, and in whole blood per se. Further- 
more, it has made possible recovery of known 
amounts of these compounds that have been 
added to whole blood. Blood samples were 
obtained on 3 occasions from a healthy male 
adult to establish the normal range of \’it. B,; 
activity for the patient. I,-nder fasting condi- 
tions. he was given 30 mg of pyridoxine hy- 
drochloride orally every 4 hours for 6 doses 
total 180 mg. Blood samples were obtained 
at  4 and 24 hours after start of medication. 
Fig. 1 shows the fluorescence present in pa- 
tient’s blood prior to medication. Total emis- 
sion is represented by the solid line. The ef- 
fect of 30% H202 with destruction of pyri- 
dosal and the residual pyridoxamine is shown 
by dashed line. Complete destruction of ac- 
tivity by ultraviolet irradiation is seen in the 
dotted line. Fig. 2 shows change in Auores- 
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FIG. 1. Whole blood saniplc prior to ingestion of pyriclosinc. Solid line (- ) is total 

fluorescence transmission. Dashed liiic (- - -) represeiits fluoresceiicc of pyridoxamine remajn- 
ing after destruction of pyridoxal with 30% hydrogen peroxide. Dotted line (- - - -) is the blank 
produced by irradiation with ultraviolet light to destroy the pyridoxaniiiie. 

FIG. 2. Whole blood sample 4 hr after ingestion of 30 mg of pp-idoxinc. Solid line (-, 
shows increased total B, content. Dashed line (- - -) represents increased pyridoxamine follow- 
ing destruction of larger quantity of pyridoxal. Dotted line (- - - -) is residual blank after ir- 
radiation with ultraviolet light to destroy the pyridoxamine. 

cence 4 hours after ingestion of 30 mg of py- 
ridoxine. The total (solid line) is definitely 
increased. There are also higher values for 
pyridoxal and pyridoxamine as evidenced by 
height of curve following treatment with 30% 
H p 0 2  (dashed line). The effect of ultraviolet 
exposure (dotted line) provides a blank wave 
comparable to those seen before medication. 
These studies were done with samples tha.t 
had been cleared with high speed centrifuga- 
tion-leaving enough activating scatter to 
cause a minor effect on readings of fluorescent 
output. Ultrafiltration removed this material 
completely, and produced a zero blank. 

It is of interest to note that the blood Sam- 

slightly lower, but comparable to those for 4 
hours. This would suggest that the blood 
transport of Vit. B6 had reached a saturation 
point beyond which it could not carry addi- 
tional quantities of the compounds. Concur- 
rently, the patient’s urinary excretion of pyri- 
doxic acid increased markedly. 

Summary. A study of fluorescent charac- 
teristics of pyridoxine, pyridoxal, and pyri- 
doxamine under selected conditions has been 
presented. These have been applied to ace- 
tone extracts of standard solutions and whole 
blood with quantitative identification of all 3 
components of the Vit. B6 group. Data show 
that human blood contains pyridoxal and py- 

ple a t  24 hours revealed curves and values ridoxamine. These two components can be 
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made to increase to a limited maximal con- 
centration of saturation upon the oral admin- 
istration of pyridoxine. 

Authors express their appreciation to Drs. S. Hess- 
man. S. Udenfriend. and W. Curtis for valuaMe ad- 
vice. 
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Decrease in Hexosamine Content  of Epiphyseal Plates in  Experimental 
La thyrism .* ( 2403) 

A. A. CASTELLANI+ AND CARLA CASTELLAN-BISI: (Introduced by I. V. Ponseti) 
Departnwnt of Orthopedic Siirgpry,  Collrge of Mcdicinc, State University of Zowa, Z m a  City  

Lathyrism is caused by ingestion of exces- 
sive amounts of sweet pea seeds (L~th?,rus  
o d o r ~ t u s ) .  The most characteristic lesions are 
deformities of bones? enlargement of epi- 
physeal plates, dissecting aneurysm of the 
aorta, and loss of weight. Research in this 
field has increased greatly since Yonseti ct  QZ.  
(1-2) showed the possible relations between 
lathyrism and many human bone diseases of 
unknown etiology. The earlier literature on 
lathyrism has been reviewed recently by 
Selye( 3 ) . The disease can be reproduced es- 
perimentally by injection of beta-aminopro- 
pionitrile, the active principle of sweet pea. 
or by aminoacetonitrile which is still more 
active in reproducing the bone lesions. The 
nature of metabolic block produced by amino- 
nitriles remains to be elucidated. Since the 
most evident lesions appear in ground sub- 
stance of the epiphyseal plates, some interfer- 
ence with mucopolysaccharide or collagen 
metabolism can be supposed. For this reason 
we studied the content of hexosamine, a com- 
ponent of mucopolysaccharides, and hydrosy- 
proline, characteristic of collagen, in normal 
and lathyric epiphyseal plates. 

Methods. Twenty rabbits, 7-10 days old, 
were used. Ten were injected with amino- 

*Aided .by grant from Sat. Inst. of Health. 
t On leave from Instituto di Chim Biol., Univ. di 

$ Idem a i m .  Generale. 
Pavia, Italy. 

acetonitrile sulfate,§ the others were controls. 
Each experimental animal received subcu- 
taneously I O mg of aminoacetonitrile sulfate 
neutralized with XaHCOR, daily for 6 days. 
With this dosage the animals showed very se- 
vere skeletal lesions; the epiphyseal plates 
were very wide and distorted as described by 
I’onseti and Shepard ( 1).  Longer treatment 
resulted in death of animals. After 6 days all 
rabbits were killed with ether ; epiphyseal 
plates (about 200 mg each) were excised from 
proximal and distal ends of long bones (ra- 
dius, ulna! tibia, femur) after removal of mus- 
cles and periosteum. The tissue was dried at 
104OC to constant weight, then homogenized 
with 4N HCl in a Potter-Elvehjem homoge- 
nizer and refluxed a t  100°C for 15 hours; a 
large excess of acid was used (500-600 times 
the quantity of tissue) to reduce humin for- 
mation. After hydrolysis, the acid solution 
was put in a vacuum desiccator with NaOH 
and CaCl? and the air evacuated. The dry 
residue was taken up in 2 5  ml H2O. Hexosa- 
mine was determined by Schloss’ method (4).  
Eastoe’s method(5), using Dowex 50, was 
tried for a few hydrolysates, to separate glu- 
cosamine and galactosamine. Hydroxyproline 
was determined by the method of Neuman 
and Logan(6) according to suggestions of 

Q The aminoacetonitrile sulfate has ,been kindly 
furnished by Dr. S. Wawzonek, Chem. Dept., State 
University of Ia. 


