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A variety of technics are presently em- 
ployed for assay of alpha-glycerophosphate 
dehydrogenases, but none are entirely satis- 
factory in terms of precision or reproducibil- 
ity. Growing emphasis on the significance 
of glycerophosphate oxidation in muscle me- 
tabolism ( 1 ), endocrine dysfunction ( 2 ), and 
the biochemical characteristics of tumors( 3) 
indicates the need for a simple and reliable 
technic for assaying the enzyme systems in- 
volved in oxidation of glycerophosphate. 
INT ( 2-p-iod0-3-p-nitro-S-phenyl tetrazo- 
lium chloride), a monotetrazolium salt, has 
been used successfully for measuring a num- 
ber of enzyme systems(4,S). The present 
communication describes and evaluates a 
simplified technic utilizing I N T  for deter- 
mination of the activities of the soluble 
(DPN-dependent) and insolublc (cyto- 
chrome-dependent) alpha-glycerophosphate 
oxidase complex (AGPO) and the corre- 
sponding specific alpha-glycerophosphate de- 
hydrogenases (AGPD) in homogenates of 
animal tissues. 

Method. Excised tissues of V stock house 
mice (Bar Harbor) were placed in iced 
Ringer solution, and homugenates of appro- 
priate strengths made up with deionized dis- 
tilled water. Homogenization was carried 
out with motor-driven teflon pestles in glass 
tubes. Total AGPO was assayed in 10 ml 
test tubes containing 0.2 ml of 0.5M AGP 
(alpha-glycerophosphate, Sigma), 0.3 ml of 

* This investigation has been aided by a grant 
from Nat. Inst. Health, U.S.P.H.S. 

0.4% I N T  (Dajac), 0.2 ml of 1% DPN 
(Sigma), and 0.2 ml of 0.5% or 1 .O% home 
genate. 34/15 phosphate buffer (pH 8.0) 
was added to bring the total volume to 2.0 
ml. In assays for insoluble AGPO, DPN 
was omitted. Corresponding assays for total 
and insoluble AGPD were carried out by add- 
ing 0.2 ml of l e 4 M  phenazine methosulfate 
(Sigma) and 0.2 ml of l(Y3M NaCN to re- 
action mixtures before bringing to a final 
volume of 2.0 ml. This step establishes di- 
rect electron transfer between the dehydro- 
genase and INT. Appropriate blanks con- 
taining no substrate were run in all experi- 
ments. After uniform agitation (by holding 
against a rotating cuboidal rubber stopper 
for 10 seconds) the tubes were placed in a 
water bath at  37°C for 15 minutes. The re- 
action was stopped with 0.2 ml of 30% TCA. 
Prolonged contact with the acid should be 
avoided, as a 5% loss of formazan was found 
after 24 hours exposure to the TCA. The io- 
doformazan ( IF)  produced during incuba- 
tion was extracted with 5 ml ethyl acetate, 
shaken vigorously 50 times, centrifuged, and 
the decanted ethyl acetate extract read spec- 
trophotometrically (Coleman Jr.) at 490 mp 
against a calibration curve of chemically re- 
duced (hydrosulfite) IF in ethyl acetate. To- 
tal nitrogen values in equivalent aliquots of 
homogenate were determined by the micro- 
Kjeldahl method and enzyme activities ex- 
pressed as pg IF per pg tissue N. Values for 
DPN-dependent enzyme activity were ob- 
tained by subtracting the values for the in- 
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AGPD levels were negligible or low in all 
tissues except brain. In tissues other than 
hrain the total AGPO and AGPD activities 
reflect the soluble enzyme components al- 
most completely. In brain the insoluble en- 
zyme constituted about 70% of total AGPO 
and AGPD activity. In selected instances 

enzyme activity. In several runs iodoace- 
tate was added to a final concentration of 
0.001M in order to block any phosphogly- 
ceraldehyde dehydrogenase activity which 
might conceivably be contributing to the en- 
zyme activities measured. Since no appre- 
ciable effect was observed with this inhibitor 
it can be assumed that the assay is specific 
for the enzymes involved in glycerophosphate 
osidation only. 

ResuZts. In experiments with homoge- 
nates from male V stock house mice the or- 

determinations of tissue activity were per- 
formed at  least in triplicate, to test the re- 

0 producibility of the technic. Values within 
0. I 0.2 0.3 0.4 any one group agreed with each other in or- 

ders ranging from 2% to 12%. In tissues 
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FIG. 1. Production of iod0foriii:iZiin 1)p varpiiig 
amounts of crystalline alpha-gl!.crropllospha te dv- 
11 ydrogenase. 

FIG. 2. Increase in f o r m n z : ~ ~  1)rotliwtioii wi th  
increasing volumes of 5% rat 1)r:ii II l io i i~ogr~~:~tt> .  

soluble component from total activity levels. 
Varying amounts of a commercial (Boeh- 

ringer) crystalline preparation of AGPD 
(soluble) were assayed and linearity estab- 
lished between IF produced and amount of 
enzyme used (Fig. 1 ) .  Linearity of a simi- 
lar order was also obtained with a series of 
varying levels of tissue homogenates (Fig. 
2 ) .  The course of the reaction was linear up 
to 30  minutes, except a t  very low levels of 

with very low levels -of activity the percent- 
age variations were greatest. 

Discussion. Glycerophosphate oxidation is 
appreciable in all of the tissues studied al- 
though variations are encountered in terms 
of specific enzymes involved. The high lev- 
els of insoluble AGPO and AGPD in brain 
may be related to its high content of DPNase 
( 6 )  since the insoluble enzymes are not 
DPN-dependent. Although only moderate 
increase in activity was elicited by addition 
of phenazine methosulfate and cyanide in 
kidney, liver, and brain, a striking increase 
(&fold) was observed for the total enzyme 

TABLE I. AGPO and AGPD Levels in Tissues of Mice. 

Organ AGPO total AGPO irisoluble AGPD total AGPD insoluble 
-- -- - - ___ - . ___I__ 

(i.3 2 .x21 1 . 1 )  2.13 8.9 * .46 1.1 * .19 Kiditry ( 1 1  ) 
Liver (11) 1 .d * .49 tirgligi hle 8.1 2 .55 negligible 
Brain (11 )  5.0 .43 3.4 5 .30 5.5 * 3 9  4.2 * .32 
Muscle (11) .8 2 .25 Iicgligihlc 6.9 * .8ci .4 & .I9 

- -  

-- - -__ 

* Stand. error of mean. 
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of muscle. This may prehaps be explained 
by low levels of some flavoprotein moiety in 
muscle which is shunted in the assay for 
AGPD. 

It has been reported(7) that female rat 
livers contain 4 times as much soluble AGPD 
as male rat livers, with both groups demon- 
strating extremely low activity. However, in 
a preliminary study in this laboratory with 
3 female and 5 male rats (Sprague-Dawley), 
essentially similar mean values for soluble 
AGPD were found. These data cS.5  (5.2- 
5.9) in female and 5.4 (3.9-7.5) in male ani- 
mals] are more consistent with usual findings 
of similarity of enzyme levels in the two 
sexes of the same species. The routine use 
of high levels of iodoacetate in the spectro- 
photometric method may account for the low 
levels of measurable AGPD activity de- 
scribed earlier. 

Summary. AGP oxidation has been deter- 
mined and characterized in kidney, liver, 
brain and muscle of the mouse. The assay 
technic utilized is simple, results are repro- 

ducible and only readily available laboratory 
equipment is required. In addition, enzyme 
inhibitors which might interfere with the ac- 
curacy of the determination are not used. It 
is felt that the present method may serve to 
broaden the limited lines of clinical investi- 
gation dealing with the significance of AGPD 
in regulation of metabolic processes. 
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Tissue cells cultivated in vitro are particu- 
larly sensitive to altered environment( 1 ) .  An 
example is the tendency toward fat accumu- 
lation characteristic of most tissue culture 
cells, particularly those grown in presence of 
certain hormones ( 2 ) .  Preliminary investi- 
gations into possible physiological and 
morpliological changes in tissue culture cells 
cultured on media containing serum from 
stressed chickens revealed an apparent alter- 
ation in cell physiology. Mouse fibroblasts 
were seen to accumulate lipid as intracyto- 

*This research supported by a grant from Univ. 
of Nebraska Research Council. We wish gratefully to 
acknowledge the professional advice and assistance 
given by Drs. Donald Pace, I. William Brill and 
John L. Adams, Uaiv. of Nebraska. 

plasmic droplets when cultured in the pres- 
ence of serum from stressed chickens. This 
was not true in the presence of serum from 
non-stressed chickens or horses. The pres- 
ent paper constitutes a report on several ex- 
periments undertaken to establish and elab- 
orate on the earlier preliminary observation. 

Materials and methods. Young Leghorn 
cockerels were chosen as the test animals be- 
cause of their availability, their notoriously 
labile emotional nature, and because of the 
ease with which their blood could be drawn. 
Early experiments revealed that hens could 
not be employed, evidently because of the 
toxicity of high serum calcium levels. Con- 
trol animals were maintained in an isolated, 
enclosed, temperature-controlled (24 t 2°C) 




