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2, 4-Dinitrophenol inhibition of transport of 5-hydroxyindoleacetic acid 
from the cerebrospinal fluid and spinal cord 

BRANIMIR ~ V K O V I C ,  MARIN BULAT*, Institute ‘Rudjer Boikovic’, Bijenic‘ka c. 54,41001 Zagreb, Yugoslavia 

5-Hydroxyindoleacetic acid (5-HIAA) in the lumbar 
cerebrospinal fluid (csf) of patients is often analysed to 
obtain insight into metabolism of 5-hydroxytryp- 
tamine in the central nervous system. Recent experi- 
ments indicate that this acid in the lumbar csf is 
derived from the adjacent spinal cord (Bulat, LackoviC 

others, 1974; JakupEeviC, LackoviC & others, 1977) 
rather than from the brain (Bulat, 1977) or blood (Bulat 

ZivkoviC, 1973). Probenecid is a competitive inhibitor 

* Correspondence. 

of 5-HIAA transport from the spinal cord (Bulat, 
1974), lumbar csf and cisternal csf (Zivkovic & Bulat, 
1971; Wolfson, Katzman & Escriva, 1974). To find if 
this transport of 5-HIAA requires metabolic energy 
derived from ATP we treated cats with 2,4-dinitro- 
phenol which inhibits the formation of ATP by uncoup- 
ling oxidative phosphorylation (Davson, 1967). 

Adult cats (25-3.5 kg) of either sex were lightly 
anaethetised with thiopentone sodium anaesthesia 
(50 rng kg-’, i.p.). Laminectomy was performed at  the 
lumbar (L5-L7 vertebrae) and thoracic (T11 vertebra) 
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regions. An extradural ligature at T11 region, pressing 
gently on the spinal cord, was positioned to prevent any 
potential mixing of the csf below and above the ligature 
(ZivkoviC & Bulat, 1971). One group of animals was 
treated with dinitrophenol(30 mg kg-l, i.p.) and another 
group (control) with saline. Seventy five min after the 
treatment, samples of csf were obtained by puncture of 
the cisterna magna (cisternal csf; 0.80 ml) and the 
exposed lumbar subarachnoid space (lumbar csf; 
0.50 ml). The spinal cord was transected at T11 region 
and its caudal segment taken for analysis. 5-HIAA in 
samples of csf and spinal cord was determined according 
to Ashcroft & Sharman (1962). 

After administration of dinitrophenol a significant 
increase of 5-HIAA in the spinal curd, lumbar and 
cisternal csf is observed (Table l), the increase in 
lumbar csf being about twice that in the spinal cord 
(Table 1). A similar phenomenon was found after 
application of probenecid (our unpublished results). 
In animals treated with dinitrophenol (30 mg kg-l, i.p.; 
Table 1) an increase or rectal temperature (Reid, Volicer 
& Brodie, 1968) was also observed (3.37 0.55”). In 
preliminary experiments the lower doses of dinitro- 
phenol (20 or 25 mg kg-’, i.p.) failed to increase both the 
concentration of 5-HIAA in the csf and rectal tempera- 
ture. 

Since after dinitrophenol application there is an 
increase in 5-HIAA in the csf and spinal cord, this 
indicates that ATP is required for the operation of the 
carrier system which transports 5-HIAA from these 
compartments. It was shown previously (Reid, Volicer 
& Brodie, 1968) that dinitrophenol inhibits the trans- 
port of 5-HIAA from rat brain. Thus, it appears that its 
transport from the csf and the central nervous system is 
an active ATP-dependent process. 

Table 1 .  Concentration of 5-HIAA in the spinal 
lumbar csf and cisiernal csf 75 min after application 
dinitrophenol(30 mg kg-’, i.p.) or saline (control). 4 

5-HIAA (ng g-’ or ng ml-’) 
Saline DNP Increase % t-test 

Spinal cord 136 i 13(6)* 183 4 8 ( 5 )  135 p ‘0.05 
Lumharcsf 104 4 5(4) 185 + 24(4) 178 p <O.OJ 
Cisternalcsf 120 i IO(1) 188 1 l(4) 157 p <O.O] 

* Mean -t standard error o f  the mean, 

To explain the increase of 5-HIAA in the lumbar csf 
above that in the spinal cord after dinitrophenol treat. 
ment (Table l) ,  an unequal distribution of S-HIAA in 
the various compartments of the spinal cord has to be 
postulated. Since it is ionized at physiological py 
(Neff, Tozer & Brodie, 1967), its penetration from the 
spinal extracellular space into a large cellular cornpart. 
nient (neurons, glia) should be restricted. On the 
contrary, its diffusion from the extracellular Space 
into lumbar csf seems to be relatively free (Bulat, 1974). 
Thus, after inhibition by dinitrophenol of the active 
transport of 5-HIAA from the extracellular space and 
lumbar csf to the bloodstream, a high accumulation of 
5-HIAA in the extracellular space and consequently in 
the lumbar csf should be expected. However, since we 
cannot determine its concentration in the small extra. 
cellular space separately but only together with the 
large cellular compartment which contains low conan. 
tration of 5-HIAA, the increase of 5-HIAA in the total 
spinal tissue should be smaller than that in the spinal 
extracellular space and lumbar csf. 
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