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ABSTRACT-The properties of endogenous substances that inhibit 5HT uptake in human cerebrospinal 
fluid (CSF) were investigated. Human CSF was loaded onto a Sephadex G-25 column, and each fraction 
was tested for its ability to inhibit [3H]paroxetine binding in monkey brain preparations. We found four 
different inhibitory peaks with respective molecular weights (M.W.) of > 12400, 2000 and two of < 1350. 
The third and fourth peaks (F-3, F-4: < 1350 M.W.) of inhibitory activity were determined to consist of 
some monoamines (5HT, etc.) or their metabolites (5HIAA, etc.) and other unidentified compounds by us
ing an HPLC-electrochemical detector. The second peak (F-2, M.W. about 2000) displaced [3H]paroxetine 
binding noncompetitively (decreased Bmax and did not change Kd) and inhibited [3H]5HT uptake non
competitively (decreased Vmax and did not change Km), but had no effect on either [3H]norepinephrine up
take or [3H]dopamine uptake. These results suggest that the endogenous substances that selectively inhibit 
5HT uptake are present in human CSF as low molecular weight compounds.
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 The presence of endogenous antidepressant-like sub

stances has been suggested ever since the possible pharma
cological relationship between changes in presynaptic 
sites in imipramine binding and manic depressive disor

ders was first reported (1). Recently, it has been reported 
that [3H]imipramine binding sites and [3H]paroxetine 

binding sites that regulate 5-hydroxytryptamine (5HT) up
take are modulated by unidentified endogenous sub
stance(s) in human plasma (2-5) and in rat brain and plas

ma (6 9). Abraham et al. (10) demonstrated that a,-acid 

glycoprotein, which is present in human plasma, inhibit
ed [3H]imipramine binding, while it enhancd [3H]5HT up
take. In addition, 5-methoxytryptoline and tetrahydro-fl

carboline have been shown to be endogenous modulators 
of [3H]imipramine binding and [3H]5HT uptake (11, 12). 
Furthermore, we previously reported the possible 

presence of endogenous substances in human cerebro
spinal fluid (CSF) that modulate [3H]imipramine and 

[3H]paroxetine binding sites and [3H]5HT uptake sites 

(13, 14). In this study we report more detailed investiga
tions of the properties of the selective 5HT uptake inhibi
tor-like substances in human CSF.

MATERIALS AND METHODS 

 Monkeys were anesthetized with ketaral (30 mg/kg, 
s.c.), and their brains were quickly removed after 

withdrawing blood. Fifty milliliters of human CSF sam

ples were obtained from 25 patients in the course of rou
tine diagnostic lumbar puncture and were collected in the 
Central Laboratory of Medicine. The monkey brains and 

the pooled human CSF were stored at -80°C until used. 

Gel filtration 

 Five milliliters of evaporated human CSF sample was 
chromatographed in a Sephadex G-25 column (1.9 x 87 

cm) with 1 mM phosphate buffer, pH 7.4, at a flow rate of 
103 ml/hr, and effluent fractions of 5.15 ml/tube were col
lected. Column effluents were monitored by measuring ab

sorbances at 280 nm. Aliquots (100µl) of each fraction 
were assayed for the ability to displace [3H]paroxetine 

binding. The molecular weights (M.W.s) of endogenous 
5HT-uptake-inhibitor-like substances were estimated by 

chromatography in the same column calibrated with mark
ers of known M.W. The ratios of elution volume to void 

volume (Ve/Vo) for the markers were as follows: 
cyanocobalamin (M.W. 1350) 1.96, glucagon (M.W.



3500) 1.56, approtinin (M.W. 6500) 1.12 and cytochrome 
c (M. W . 12400) 1.02. 

Paroxetine binding assay (15) 

 Monkey frontal cortices were homogenized in 25 vol. 
of ice-cold 50 mM Tris-HC1 buffer (containing 100 mM 
NaCI and 5 mM KCI, pH 7.4). The P2 fractions obtained 

by centrifugation of this homogenate were used as the 
crude membrane preparations (final concentration of ap

proximately 0.1 mg protein/tube) for the assay. Aliquots 
of crude membrane suspension were incubated with 

[3H]paroxetine at 221C at a final volume of 250,u1 for 180 
min. Fluoxetine at 10,uM final concentration was used to 
determine non-specific binding. The incubation was termi

nated by rapid filtration of the membrane suspension un
der reduced pressure through Whatman GF/B glass fiber 
filters. Each filter was rapidly washed three times with 5 

ml of ice-cold 50 mM Tris-HC1 buffer, pH 7.4. The filters 
were then dried and the radioactivities were determined in 

Triton X-100-toluene scintillation fluid in a liquid scintilla
tion spectrometer. 

Monoamine uptake assay 
 The study of [3H]5HT, [3H]norepinephrine (NE) or 

[3H]dopamine (DA) uptake into synaptosomes was con
ducted according to the method of Snyder and Coyle (16), 

but with minor modifications. The monkey brains 

(bilateral frontal cortex) were homogenized in 0.32M 
sucrose, and the crude synaptosomes were obtained by 
differential centrifugation. A 100,u1 aliquot of crude syn

aptosomes (final concentration of appoximately 0.2 mg 

protein/tube) were preincubated at 371C for 5 min with 
Krebs-Henseleit buffer (121 mM NaCI, 25 mM NaHCO3, 

11.1 mM glucose, 4.7 mM KC1, 1.4 mM CaC12, 1.2 mM 
MgSO4, 1.2 mM KH2PO4, 1.1 mM ascorbic acid, 130µM 
EDTA2Na, and 78.5 pM pargyline, pH 7.4; bubbled with 

a 95 010 02 / 5 010 CO2 gas mixture). Then [3H]-labeled 
monoamine was added (final concentration: [3H]5HT, 

188 nM; [3H]NE, 32 nM; and [3H]DA, 25 nM) and incu
bated at 37C for 2 min (NE uptake) or 10 min (DA up

take and 5HT uptake). Non-specific uptake was calculat
ed from data obtained with incubation at 0'C. The incuba

tion was terminated by rapid filtration of the membrane 
suspension under reduced pressure through Whatman 
GF/B glass fiber filters. Each filter was rapidly washed 

three times with 5 ml of ice-cold saline. The filters were 
then dried, and the radioactivities were determined by 

scintillation spectrometry after adding Triton X-100-tol
uene scintillation fluid. 

HPL C-ECD assay 
 The concentrations of monoamines and their metabo

lites in CSF were determined by the method of Matsu

moto et al. (17), but with minor modifications, using 

reverse-phase high performance liquid chromatography 
with electrochemical detection. A 400-,ul aliquot of the F
3 or F-4 in human CSF was homogenized in 2 ml of 0.2 M 

perchloric acid and then centrifuged at 20,000 x g for 15 
min. The supernatant was adjusted to pH 3.9 with 1 M 

CH3COONa and them assayed on a Eicom HPLC-ECD 
system. The detector (ECD-100; Eicom Co., Ltd., Kyoto, 

Japan) was set at a range of 2 mA, and the sample was oxi
dized with 750 mV potential between the glassy carbon 
electrode and the Ag/AgCI reference electrode. The 

filtered and degassed mobile phase consisted of 0.049 M 
sodium acetate, 0.034M sodium citrate, 0.074 mM 1
octanesulfonic acid sodium, 0.008 mM EDTA2Na and 

10010 methanol (v/v) and was adjusted to pH 3.9 with 1 M 
CH3COONa. The mobile phase was pumped in at a rate 

of 1 ml/min. 

Protein determination 
 Protein concentrations were determined by the method 

of Lowry et al. (18) with bovine serum albumin as a stand
ard. 

Chemicals 

 [Phenyl-6'-3H]-paroxetine (1.11 TBq/mmol), hydroxy
tryptamine creatinine sulfate 5 [1,2,3H(N)]-(5HT, 1.11 
TBq/mmol), norepinephrine, levo [Ring 2,5,6,-3H-] (NE, 

1.62 TBq/mmol), and dihydroxyphenylethylamine hydro
chloride 3,4,-[Ring 2,5,6,-3H-] (DA, 1.3 TBq/mmol) were 

purchased from New England Nuclear (Boston, MA, 
U.S.A.). Fluoxetine was donated by Lilly Research Lab. 

(Indianapolis, IN, U.S.A.). All other chemicals were 
obtained from Wako Pure Chemical Industries, Ltd. 

(Osaka, Japan). 

RESULTS 

Gel filtration of human CSF on Sephadex G-25 
   Human CSF was loaded onto a Sephadex G-25 

column (1.9 x 87 cm), and each fraction was tested for its 
ability to displace [3H]paroxetine binding in monkey 

brain. Elution profiles from the Sephadex G-25 column 
are shown in Fig. 1. We found four different inhibitory 

peaks for [3H]paroxetine binding. The molecular weights 
(M.W.) of these four substances were estimated by chro
matography on a Sephadex G-25 column. The first peak 

(F-1) was at V,/V0 of 1.0, with a M.W. greater than 
12400. The second peak (F-2) was at Ve/Vo of 1.89, with a 

M.W. of about 2000. The remaining two peaks (F-3 and 
F-4) were at Ve/Vo of 2.27 and 3.12, respectively, cor

responding to M.W.'s of less than 1350 (Fig. 2). On the 
other hand, we also found some other peaks which en
hanced [3H]paroxetine binding at Ve/Vo of 1.51, 2.02 and



2.49, corresponding to M.W.'s of about 4000 and two of 

less than 1350, respectively. 

Effects of endogenous substances in human CSF on [3H]

paroxetine binding and [3HJ5HT, [3H]DA and [WINE up
take in monkey brain synaptosomes 

 The effects of these four inhibitory peaks in human 

CSF on [3H]monoamine uptake in monkey brain synapto

somes were tested. All four peaks obtained by gel filtra

tion inhibited [3H]5HT uptake as well as [3H]paroxetine 
binding. However, they did not affect [3H]DA or [3H]NE 
uptake (data not shown). Figure 3 shows specifically how 

F-2 in human CSF markedly inhibited [3H]5HT uptake in 
a volume dependent manner, but had no effect on the up

take of [3H]DA or [3H]NE.

Fig. 1. Gel filtration of human CSF on Sephadex G-25. Human CSF sample was chromatographed in 1 mM phosphate buffer, 

pH 7.4, at a flow rate of 103 ml/hr, and fractions of 5.15 ml/tube were collected. Column effluents were monitored by measur
ing the absorbance at 280 nm ( ). An aliquot (100,ul) of each fraction was tested for its ability to inhibit [3H]paroxetine 
binding in monkey brain

Fig. 2. Estimation of the molecular weight on the endogenous 
substances in human CSF by Sephadex G-25 gel chromatography. 
The flow rate was 103 ml/hr in 1 mM phosphate buffer, pH 7.4, and 
the effluent fractions were monitored at 280 run. The V,/V,, ratios 
were (A) cytochrome c (M.W. 12400) 1.02, (B) approtinin (M.W. 
6500) 1.12, (C) glucagon (M.W. 3500) 1.56 and (D) cyanocobalamin 
(M.W. 1350) 1.96.

Fig. 3. Effects of the second fraction (F-2) obtained from human 
CSF by gel chromatography on [3H]5HT, [3H]NE and [3H]DA up
take in synaptosomes. Uptakes of [3H]5HT, [3H]NE and [3H]DA 
were conducted as described in the text. [3H]5HT uptake (control 
value is 2.89±0.15 pmol/min/mg protein), [3H]NE uptake (control 
value is 0.057±0.003 pmol/min/mg protein) and [3H]DA uptake 
(control value is 0.42±0.04 pmol/min/mg protein).



HPLC-ECD chromatography of F-3 and F-4 obtained 

from human CSF 
  The Ve/Vo of F-3 and F-4 obtained from human CSF 

by gel chromatography was 2.27 and 3.12, repectively. It 

is believed that F-3 and F-4 are low molecular weight sub
stances such as endogenous ligands. When F-3 and F-4 
samples were injected into the HPLC-ECD device, they 

were found to contain some monoamines (5HT, etc.), 
their metabolites (5HIAA etc.) and unidentified com

pounds (data not shown). 

Effects of F-2 in human CSF on [3HJparoxetine binding 

  The non-competitive nature of [3H]paroxetine-binding 
inhibition by endogenous substances (F-2) is demonstrat

ed in Fig. 4. Scatchard analysis of [3H]paroxetine binding 
in monkey brain preparations, using [3H]paroxetine con

centrations ranging from 0.015 nM to 0.2 nM in the ab
sence and presence of F-2 in human CSF, revealed an ap

parent decrease in Bma,, (99.7 ± 5.0 fmol/mg protein and 
74.7±7.7 fmol/mg protein, in the absence and presence 
of F-2, respectively) and no change in Kd (131 ±20 pM 

and 141±15 PM, in the absence and presence of F-2, 
respectively). 

Lineweaver-Burk analysis of [3HJ5HT uptake to monkey 

brain synaptosomes in the absence and presence of F-2 in 
human CSF 

 Kinetic analysis of [3H]5HT uptake to monkey brain 

synaptosomes and the effect of F-2 in human CSF are 
shown in Fig. 5. Using [3H]5HT concentrations ranging 

from 40 nM to 400 nM, a single saturable high affinity up

take site was found. Figure 5 shows that the inhibitory 
effect of F-2 was non-competitive in nature (Vmax, 

4.81 ±0.39 pmol/mg protein/min and 3.44±0.35 

pmol/mg protein/min and Km: 0.32±0.03 ,uM and 
0.33 ±0.02 MM in the absence and presence of F-2, respec
tively).

Fig. 4. Scatchard analysis of [3H]paroxetine binding in monkey 
brain. The specific [3H]paroxetine binding was assayed at different 
ligand concentrations (20 to 200 pM) in the presence (-*-) and 
absence (-0-) of F-2 in human CSF (25,ul). Each data point 
represents the average of quadruplicate determinations in a single ex
periment.

Fig. 5. Lineweaver-Burk analysis of [3H]5HT uptake to monkey 
brain synaptosomes. [3H]5HT concentrations ranging from 40 nM 
to 400 nM were used. Specific [3H]5HT uptake was assayed in the 
presence (-*-) and absence (-(D-) of F-2 in human CSF (25 
ul). Each data point represents the average of quadruplicate deter
minations in a single experiment.

DISCUSSION 

 We previously suggested the existence of the endo

genous inhibitor-like substance(s) in the 5HT-uptake sys
tem in human CSF, since a small amount of human CSF 
displaced [3H]imipramine and [3H]paroxetine binding 
and inhibited [3H]5HT uptake dose-dependently (14). In 

addition, we also reported that human CSF preferentially 
inhibited [3H]paroxetine binding rather than [3H]

imipramine binding (13). Furthermore, in this study, we 

performed more detailed investigations on the relation
ship between endogenous substances in the human CSF 
and the 5HT uptake system in the central nervous system. 
By Sephadex G-25 chromatography, we found four differ

ent peaks in human CSF that inhibited [3H]paroxetine 
binding in the monkey brain preparations. The recogni

tion sites labeled with [3H]imipramine or [3H]paroxetine 
have been shown to be distinct but allosterically coupled 

with the 5HT uptake system (19-24). These four frac
tions also inhibited [3H]5HT uptake. These results sug

gest that these four fractions contain endogenous 5HT up
take modulator(s). On the other hand, we also found 
some other peaks that enhanced [3H]paroxetine binding 

in the same CSF. Substances that act in such a manner 
have already been reported (10, 25), so in this study, we



did not mention these peaks that enhanced [3H]paroxe

tine binding and concentrated our efforts to search for 
endogenous 5HT-uptake-inhibitor-like substances. 

 The molecular weights of these substances (F-1, F-2, F

3 and F-4) were estimated by chromatography on a Sepha
dex G-25 column: F-1 at a Ve/V,, of 1.0, with a M.W. 

greater than 12400; F-2 at a Ve/V,, of 1.89, with a M.W. 
of about 2000; and F-3 and F-4 at a Ve/Vo of 2.27 and 

3.12, respectively, corresponding to M.W.'s less than 
1350. 
 There have been recent reports of endogenous sub

stances such as 5-methoxytryptoline (11), tetrahydro-/3
carboline (12) and a,-acid glycoprotein (10) in human plas

ma, rat plasma and rat brain that modulate the 5HT-up
take system. Since 5-methoxytryptoline, which appeared 

to occur endogenously at particularly high levels in the hu
man pineal gland, also inhibited [3H]5HT uptake and 

[3H]imipramine binding, it should be considered as a puta
tive endogenous ligand modulating 5HT transport (11). 
Tetrahydro-/3-carbolines also represent a family of in

doleamine derivatives, some of which are present in the 
CNS and some peripheral tissues. These compounds have 

multiple actions including inhibition of [3H]5HT uptake 
and [3H]imipramine binding in the CNS (12). a,-Acid 

glycoprotein (M.W. 45000) was isolated and purified as a 

potential endogenous 5HT uptake modulator from hu
man plasma, and it inhibited [3H]imipramine binding, 

but enhanced [3H]5HT uptake (10). 
 To demonstrate the existence of endogenous sub

stance(s), it is said that known endogenous substances 

(for example, 5HT, etc.) must be shown to be absent or 
present in negligible concentrations in an extract fraction 

(26, 27). Judging from the Ve/Vo ratio in this study, F-3 
or F-4 probably represent an endogenous substance of 
low M.W. Therefore, we analyzed F-3 and F-4 by HPLC
ECD to determine if monoamines are present. Some 

monoamines (5HT, etc.), their metabolites (5HIAA, etc.) 
and unidentified compounds were observed. These results 

indicate that inhibition of [3H]5HT uptake and [3H]parox
etine binding by F-3 and F-4 may be due to monoamines 

(such as 5HT), their metabolites (such as 5HIAA) and/or 
unidentified compounds contained in F-3 or F-4. 

 Based on its Ve/Vo ratio, the first fraction (F-1) may be 

high molecular weight proteins (M.W. greater than 
12400). Abraham et al. (10) reported that an endogenous 

modulator was present in human plasma (like a,-acid 

glycoprotein) and suggested that this modulator acted at 
the recognition site labeled by [3H]imipramine and en
hanced [3H]5HT uptake. It is known that plasma proteins 
also alter imipramine binding (28  30). These results 

suggest that high M.W. compounds, such as a,-acid 

glycoprotein or albumin, may also regulate the 5HT-up
take system _

 Therefore, we further examined the properties of sec

ond displacable fraction (F-2, M.W. about 2000). Addi
tion of F-2 displaced [3H]paroxetine binding and inhibit
ed [3H]5HT uptake noncompetitively. However, F-2 had 
no affect on either [3H]NE uptake or [3H]DA uptake. F-2 

may be a low M.W. compound and is likely a selective 

5HT-uptake-inhibitor-like substance. We previously 
reported the existence of MAO-inhibitor-like substances 
in various animal CSFs as well as in human CSF (25, 31). 

In addition, a further putative endogenous MAO inhibi
tor has been isolated from human CSF (13). Moreover, it 

is well-known that tricyclic antidepressants inhibit MAO 
activity, imipramine binding and also modulate the 5HT 

uptake system. From these reports, the materials in hu
man CSF may represent endogenous antidepressant-like 
substances such as tricyclic antidepressants and may play 

a possible role in regulating serotonergic activity. To clari
fy this hypothesis, further purification of F-2 substances 

and more detailed studies on the changes in the amounts 
of F-2 substances in pathological models or in depressive 
model animals are required. 
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