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NAD- and NADP-specific dehydrogenases in cord-factor-treated mice 

BLOCH 1 described the extraction from virulent tubercle bacilli of a toxic lipid 
fraction which was later named 'cord factor'. This compound was purified and iden- 
tified as trehalose-6,6'-di-mycolate2, 3. There are reports of a decrease in the rate ot 
oxidation of malate, of a 50% decrease in NAD content and of a two- to three-fold 
increase in NAD glycohydrolase activity of lung, liver and spleen of tuberculous 
mieO, 5. Similar findings have been reported with cord factor and it has been sug- 
gested that  the biochemical changes elicited by tubercle bacilli can be duplicated by 
cord factor 6. Studies with cord-factor-treated mice demonstrated a marked decrease 
in fa t ty  acid synthesis in liver and adipose tissue 7. Inhibition of fa t ty  acid synthesis 
and decrease in the activities of pyridine nucleotide-linked dehydrogenases in the 
1o ooo × g supernatant fraction of liver and adipose tissue were observed in tuber- 
culous guinea pigs 7. I t  was of interest to ascertain whether the derangement in 
enzyme activities observed in tuberculosis could be duplicated in mice treated with 
cord factor. The toxic manifestations of cord factor might throw light on the direct 
role of this toxin in the pathological biochemistry of tuberculosis. The present in- 
vestigation was therefore undertaken with these objectives in mind. 

Activities of pyfidine nucleotide-linked dehydrogenases such as combined hex- 
ose monophosphate pathway dehydrogenases Ephosphogluconate dehydrogenase 
(decarboxylating) (6-phospho-D-gluconate: NADP oxidoreductase (decarboxylating), 
EC 1.1.1.44) and glucose-6-phosphate dehydrogenase 0)-glucose-6-phosphate:NADP 
oxidoreductase, EC I.I.1.49)], malate dehydrogenase (decarboxylating) (L-malate: 
NADP oxidoreductase (decarboxylating), EC 1.1.1.4o), isocitrate dehydrogenase 
(threo-Ds-isocitrate:NADP oxidoreductase (decarboxylating), EC 1.1.1.42) and 
malate dehydrogenase (L-malate:NAD oxidoreductase, EC 1.1.1.37) have been 
assayed in the liver and adipose tissue of cord-factor-treated mice. 

Mice were injected intraperitoneally with o.2 mg cord factor in olive oil. 
Control and cord-factor-treated mice were sacrificed after 48 h. Animals of both the 
groups were fasted for 18 h prior to sacrifice. Mitochondria free fractions (IO ooo × g 
supernatant) of liver and epididymal fat pads were prepared and dehydrogenases 
assayed by recording changes in absorbance at 34 ° m/~ in a Beckman model DU spec- 
trophotometer.  Assay of hexose monophosphate pathway dehydrogenases was per- 
formed by the method of GLOCK AND McLEAN 8. Isocitrate dehydrogenase, malate 
dehydrogenase and malate dehydrogenase (decarboxylating) were assayed according 
to the procedure of OCHOA °-lz. The extinction coefficient for NADH and NADPH 
at 34 ° m# was taken as 6.22" lO 6 cm2/mole (ref. 12). Protein was estimated by the 
method of LOWRY et al. TM. Table I records the enzyme activities in IO ooo × g super- 
natant  of liver and adipose tissue of control and cord-factor-treated mice. All activities 
are significantly decreased with the exception of isocitrate dehydrogenase in adipose 
tissue. 

The results indicate appreciable differences in the activities of NAD- and NADP- 
specific dehydrogenases in control and cord-factor-treated mice. Earlier studies on 
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T A B L E  I 

ACTIVITIES OF •AD- AND NADP-sPEClFIC DEHYDROGENASES IN THE LIVER AND ADIPOSE TISSUE 
OF NORMAL (CONTROL) AND CORD-FACTOR-TREATED MICE 

Enzyme  activities were assayed in io ooo × g superna tan t .  Values are expressed as /,moles of 
pyridine nucleotides oxidized or reduced per rain per mg protein. Each value is mean  ± S.E. of 
the results of 4 separate experiments .  Results  have been statistically evaluated and P < 0.o 5 
has been considered significant. HMP, hexose monophospha te  pa thway.  

Enzymes Control Cord-factor- P 
treated 

Liver 
HMP dehydrogenase 
Isocitrate dehydrogenase (NADP) 
Malate dehydrogenase (decarboxylating) 
Malate dehydrogenase 
Lactate  dehydrogenase 

Adipose tissue 
H M P  dehydrogenase 
Isocitrate dehydrogenase (NADP) 
Malate dehydrogenase (decarboxylating) 

0.053 ± 0.0098 o.o13 3_ o.oolo <O.OLO 
0.292 :J: o.o162 O.ll 3 4- o.o122 < o . o o i  
o.134 4- 0.0235 o.o2o 3- 0.0037 <0.o05 

lO.19o 3_ 0.903 ° 2.95 ° 4- 0.3430 < o . o o i  
1.742 4- 0.3240 1.965 4- 0.237o >0.05 

0.298 3_ 0.330 o.163 :j: o.o21o <0.020 
0.070 ± o.o176 0.054 ± 0.0096 >0.400 
o.075 ± 0.0050 0.022 -- 0.0072 < o . o o i  

cord-factor-treated mice had revealed a decrease in fa t ty  acid synthesis in liver and 
adipose tissue, fa t ty  infiltration of liver and derangement in mitochondrial function 7. 
A significant decrease in the combined hexose monophosphate pathway dehydro- 
genases is noted in the present study. These observations are consistant with the 
earlier findings of depressed lipogenesis, mitochondrial derangement and reduced 
activity of liver and adipose shunt dehydrogenases in tuberculosis ~. The activity of 
malate dehydrogenase (decarboxylating) of both liver and adipose tissue in the 
present study is decreased as a result of t reatment  with cord factor. Comparable 
results were obtained in experimental tuberculosis 7. A 70% decrease in the activity 
of malate dehydrogenase is observed in toxin-treated mice. ARTMAN, BEKIERKUNST 
AND GOLDENBERG 6 have reported a markedly lower rate of 02 uptake by  liver homo- 
genates and an inhibition in oxidation of substrates whose dehydrogenases are linked 
to NAD in cord-factor-treated mice. A decrease in NAD content of liver, spleen and 
lung and an increase in NAD glycohydrolase activity of these tissues have also been 
reported by  these workers. The decrease in activity of malate dehydrogenase observed 
in the present study may  be due to a reduced availability of NADH since hepatic 
NAD+ levels have been shown to be depressed by administration of cord factor s. 
Earlier observations with cord factor in mice indicated an increase in gluconeogenesis 
in liver% The decreased activity of malate dehydrogenase and malate dehydrogenase 
(decarboxylating) enzyme system observed in the present investigation could be due 
to decreased availability of oxaloacetate, a substrate utilized in both gluconeogenesis 
and lipogenesis. Activity of isocitrate dehydrogenase decreases in liver supernatant 
on cord factor treatment.  A similar decrease in both liver and adipose tissue was 
observed in tuberculous infectionL The present investigation reveals that  the 
activities of pyridine nucleotide-specific dehydrogenases decrease on cord factor 
treatment.  Previous studies demonstrated a decrease in fa t ty  acid synthesis in tuber- 
culous guinea pigs as well as cord-factor-treated mice ~ indicating that  the biochemical 
alterations in experimental tuberculosis represent toxic manifestations of the cord 
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factor. The metabolic derangement observed in tuberculosis could be due to the 
presence of this toxic component in the tubercle bacilli. The present investigation has 
revealed that  cord factor simulates experimental tuberculosis in producing a depres- 
sion of NAD- and NADP-specific dehydrogenases. 
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