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On a relaticmship between ion transport and thiamine iu nervous tissue 

(Received 12 June 1968; accepted 2 August 1968) 

FROM A VARI~~TY of experimental approaches, both in this laboratory and others, a considerable 
amount of evidence has been accumulating to suggest that thiamine has a specitic role in the conduc- 
tion process in nervous tissue that is independent of its coenzyme function. This evidence may be 
summarized as follows: 1) electrical stimulation of a variety of preparations of nervous tissue causes 
the release of the vitamin;l-s 2) pyrithiamine, an antimetabolite of thiamine that produces polyneuritis 
in vivo, has a profound and irreversible effect on the electrical activity of isolated nervous tissue 
in vitro.4~6 This effect has been shown to be due to the ability of the antimetabolite to displace the 
vitamin from the nerve, rather than to inhibit the TPP*-dependent enzymes in the tissue;7-8 3) by 
fluorescence microscopy, thiamine has been shown to be localized in nerve membranes rather than 
in the axoplasm;sJs 4) TPPase, an enzyme with an appraent absolute specificity for TPP as substrate,” 
is localized specitically in membrane structures, *12 5) although the bulk of thiamine in nerves is in the 
form of TPP, about 4-10 per cent is in the form of the triphosphate, TTP. Recently, an enzyme that 
catalyzes the synthesis of TTP from TPP and ATP has been isolated from brain mitochondria.la 
This phosphotransferase is extremely active, comparable to the activity of the Na-K-ATPase of cere- 
bral microsomes; in addition, it is specitically inhibited by blood, spinal fluid and urine extracts from 
patients with the neurological disease, subacute necrotizing encephalomyelopathy.14 

In a further attempt to define the specilic function of thiamine in nervous tissue, the following 
experiments were performed. Large bullfrogs (Rana catesbianu) were given two intrathecal injections 
(0.1 ml), 18 hr apart, of %-thiamine (100 &pmole). The total amount of radioactivity given was 
50 I.CC. The frogs were sacrificed 15-20 hr after the last injection and the spinal cords were removed 
and divided sagittally. One-half of the cord was deproteinized with 7 % perchloric acid for subsequent 
determination of the labeled thiamine (vide i&w) and the other hemi-cord was placed in a lucite 
chamber and perfused with frog Ringer’s solution. The solution was pumped through the chamber 
at a rate of 1 ml/min. The outflow of the chamber was connected to a Nuclear-Chicago flow cell 
inserted in a liquid scintillation spectrometer. The spectrometer in turn was comected through a 
ratemeter to a graphic recorder with integrator. Thus, with an exposed surface of the spinal cord to 
permit rapid exchange and with this experimental design, it was possible to monitor instantaneously 
the efflux of labeled thiamine from the nerve preparation. When the effect of drugs on this efflux 
was tested, the drugs were dissolved in 10 ml of the Ringer’s solution and this solution was pumped 
through the system. 

To determine the amount of thiamine compounds in the cord that were labeled, an aliquot of the 
deproteinized hemi-cord was used for an assay of total radioactivity; total thiamine content was 
determined by the fluorometric procedure of Fujiwara and Matsui.15 From this experiment it was 
calculated that about 90 per cent of the total thiamine derivatives in the cord were labeled. By means 
of an electrophoretic procedure to separate thiamine and its phosphate esters,13 it was found that 

about 77 per cent of the label was TPP, about 5% was TTP, and the remaining radioactivity was 
TMP and free thiamine (Table 1). This distribution corresponds to the usual pattern of thiamine 
and its phosphate esters in cells.le All the radioactivity could be accounted for as thiamine compounds. 

As shown in Fig. 1, crude dose-response curves could be obtained with the flow system. However, 
the sensitivity of the response varied somewhat from one preparation to another so that, for example, 
ACh could be demonstrated to release labeled thiamine from the cord at a concentration of IO-6 M 
in 5 experiments, but in 3 experiments the concentration of the neurohumor had to be raised to 5 x IO-6 
M to effect a significant release of the vitamin. 

* Abbreviations are: TPP, thiamine pyrophosphate; TMP, thiamine monophosphate; TTP, 
thiamine triphosphate; ACh, acetylcholine; 5-HT, 5-hydroxytryptamine. 
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TABLE 1. DISTRIBU~ONOFLABELEDTHIAMINEABDTHIAMINEPHOSPHATES* 

Thiamine 
compound 

G 
TMP 
Thiamine 

Spinal cord 
(% zt SD.) 

4.6 f 1.3 
16.7 + 5.6 
41 It 1.6 

14.6 S 2.7 

Effluent 
(% & S.D.) 

0 
4-3 f 3.7 

35.0 f 0.4 
604 * 3.7 

* Thiamine compounds in the cord were determined by the 
electrophoretic and fluorometric procedure of Itokawa and Cooper.13 
In the effluent the compounds were adsorbed on charcoal and 
eluted with 50% EtOH17 and then separated and assayed as above. 
Figures represent an average of three experiments. 
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FIG. 1. Dose-response curves for ACh and ouabain in promoting the efflux of labeled thiamine from 
the frog spinal cord. Details given in text. The system had the following parameters: flow rate 

1 ml/min; flow cell volume, 4 ml; ratemeter time constant, 40 set; chart speed, 3 in&r. 

TABLE 2. AGENTS THAT WERE TESTED FOR THEIR ABILITY TO RELEASE~~S-THIAMINE COMPOUNDS FROM 

THEFROGSPINALCORD* 

Effective Ineffective 

Drug Cone (M) Drug Cone (M) 

ACh 

~Zi&Lo’ 
EDTA 
5-HT 
Xylocaine 
KC1 
DFP 
Tetrodotoxin 

;,“I: 
Choline 
NaCl 5 x :z 

;;I: 
Noradrenaline 10-4 

5 x IO-6 

;;I: 

10-h 
3 x 1O-8 (0.01 rg/ml) 

* Drugs were perfused through the system at the rate of 1 ml/min for 10 min. 
Effective agents produced a peak height of radioactivity of at least 300 cpm above 
background. All drugs were tested a minimum of three times. 
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The specificity of the drugs that promote the efflux of labeled thiamine from the hemi-cord can be 
noted in Table 2. It is clear from this table that agents which are known to affect ion movements in 
nervous tissue possess the ability to release thiamine. We have previously shown that electrical stimula- 
tion of the spinal cord also releases the vitamins In contrast, agents such as choline and NaCl, which 
are ineffective in promoting or inhibiting ion fluxes, also are without effect in this system. The excep- 
tion to the above statement is in the case of noradrenaline; even at a concentration of lo4 M, this 
neurotransmitter was without effect. This situation may reflect the finding of Tebecis and Phillis,ls 
who observed a marked excitatory effect of X-IT when applied to a toad spinal cord at concentrations 
as low as 10-7 to 10-9 M, but only a minimal effect of noradrenaline even when the concentration 
was raised to 10-3 to 104 M. 

The effects noted above do not appear to apply only to amphibia, since preliminary experiments 
with the rat spinal cord that was preloaded with labeled thiamine and perfused similarly to the frog 
preparation also disclosed that ACh at lo4 M released labeled thiamine. 

This apparent relationship between ion movements and thiamine has a further dimension in that, 
as mentioned earlier, although about 80 per cent of the vitamin in nervous tissue is in the form of TPP, 
about 5 per cent is TIP and the remainder is TMP and thiamine, the released material is primarily 
in the form of TMP and free thiamine (Table 1). This is also true after electrical stimulation of a 
nerve preparation.e*a This observation suggests that the transport of ions is related to a dephosphory- 
lation of TPP (or perhaps TTP, although the two esters are interconverted very rapidly and there is a 
specific phosphatase for TPP). This dephosphorylation may reflect a displacement of TPP from some 
bound form where it is then subject to hydrolytic attack. 

Whether thiamine in some form is serving as a carrier for the passive transport of ions or functions 
to alter membrane structure remains to be determined. 
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