
important to postulate that reexpression of GGT in proliferating precancerous foci and tumors 
of the liver is the result of a change in junctions between the cells and the extracellular 
matrix. 
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INHIBITORS OF SEROTONIN REUPTAKE AND SPECIFIC IMIPRAMINE BINDING 

IN HUMAN BLOOD PLASMA 
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Many investigators have recently shown interest in the mechanism of the pharmacologic 
action of tricyclic antidepressants (TAD) in general and of imipramine (IMI) in particular. 
High-affinity binding sites of IMI and other TAD have been found in parts of the brain [6, 9, 
i0] and in platelets [ii] of man and animals, of a decrease in the number of these sites in 
endogenous depression [2, ii, 12, 15], and of normalization of IMI binding in patients respond- 
ing positively to treatment with TAD [8, 13], point to possible interaction between TAD and 
high-affinity binding sites of IMI, determining their antidepressant activity. The presence of 
specific IMI binding sites in brain tissue and at the periphery also suggests the existence 
of an endogenous imipramine-like ligand (or ligands) in man and animals, which may participate 
in the developmentof affective disorders in man [5, 7, 12]. 

In 1983 a low-molecular-weight endogenous ligand of IMI binding sites, capable of inhib- 
iting binding of SH-IMI with its specific binding sites and serotonin (5-hydroxytryptamine, 
5-HT) reuptake by rat brain synaptosomes [3], was discovered in brain tissue. 

This paper describes a method of extraction of endogenous inhibitors of specific IMI 
binding and of 5-HT reuptake, from human blood plasma and the heterogeneity of these compounds 

is demonstrated. 

EXPERIIlENTAL METHOD 

Blood (600 ml) from healthy donors (aged 25-30 years) was collected in plastic tubes con- 
taining anticoagulants (0.25 ml of 0.15 M EDTA to i0 ml of blood) and centrifuged at 200g 
for 20 min at room temperature. Platelet-enriched plasma was separated and centrifuged 
(lO,O00g, I0 min, 4~C). The plasma was collected and used for extraction, as described below. 
The platelet residue was washed twice (lO,000g, i0 min, 4~ in 66 ml of medium containing 
50 mM Tris-HCl, 20 mM EDTA, 150 mM NaCI, pH 7.5. The residue was treated with an equal quan- 
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tity of 5 mM Tris-HCl, 5 mM EDTA, pH 7.5. The platelets were homogenized at 4~ and centri- 
fuged at 20,000g (i0 min, 4~ The supernatant was removed and the membranes washed by cen- 
trifugation (20,000g, i0 min, 4~ in 70 mM Tris-HCl, pH 7.5 (66 ml) and suspended in 40 ml 
of 50 mM Tris-HCl, pH 7.5, containing 5 mM KCI, 120 mM NaCI. To determine binding of IMI 
platelet membranes (1.5-2.0 mg protein) were incubated in a final volume of 0.6 ml, with 5 
nM of 3H-IMI and an aliquot of extract (0.2 ml) in 50 mM Tris-HCl, 5 mM KCI, 120 mM NaCI, pH 
7.5, for 90 min at 0~ The samples were then filtered through Mark GF/B filters and washed 
4 times (5 ml each time) with cold incubation buffer. Specific binding was determined as the 
difference between binding of 3H-IMI in the absence and in the presence of 50 ~M IMI. Under 
these conditiohs specifi c binding amounted to 70-80% of total binding of 3H-IMI [4]. 

To determine 5-HT reuptake, blood from healthy blood donors (30 ml) was collected in 
plastic tubes containing 1.5 ml of anticoagulant (7.6% sodium citrate) and centrifuged at 
200g for 20 min at room temperature. The supernatant was collected and centrifuged at 10,000g 
(i0 min, 4~ The resulting platelet residue was suspended in 50 ml of medium containing 50 
mM Tris-HCl, 5 mM KCI, 150 mM NaCI, and 0.38% sodium citrate, pH 7.4. The platelet suspension 
(0.8 ml) containing 0.35 mg protein in 1 ml was incubated in a final volume of 1 ml for 4 min 
at 37~ with 3H-5-HT (200 riM) and aliquots of extract (0.2 ml) in medium of 50 mM Tris-HCl, 
5 mM KCI, 150 mM NaCI, and 0.38% sodium citrate, pH 7.4, as described previously [i, 4]. The 
reaction was stopped by placing the samples in an ice bath, followed by filtering them rapid- 
ly through GF/B filters. The filters were washed 4 times with cold incubation buffer (5 ml 
each time), dried at ll0~ and counted on a "Mini-Beta" scintillation spectrometer (Finland), 
after addition of 7 ml of Lipolume scintillator (USA). Reuptake of 5-HT was determined as 
the difference between values of radioactivity of the filters obtained after incubation of the 
samples at 37 and O~ 

The protein concentration was determined by a modified Lowry's method [14]. 

EXPERIMENTAL RESULTS 

For extraction and partial purification of endogenous inhibitors of 5-HT reuptake and 
I~II binding 300 ml of fresh plasma was used. Alumina (60 g, type N super I, Wollm), washed 
with deionized water (5 times, 300 ml each time), was mixed in bulk with plasma and incubated 
with vigorous shaking at 0~ for 1 h. The mixture was centrifuged (2500g, i0 min, 2~ the 
plasma was poured off, and the residue washed with 300 ml of cold deionized water. The mixture 
was again centrifuged under the same conditions and the residue washed with 300 ml of cold di- 
ethyl ether. The mixture was again centrifuged (2500g, i0 min, 2~ the upper ethereal layer 
was poured off, and the alumina was incubated with vigorous mixing with 2 M acetic acid (160 
ml) for 30 min at 0~ The mixture was centrifuged (2500g, i0 min, 2~ the supernatant was 
collected, and 160 ml of 2 M acetic acid was again added to the residue, and the mixture was 
incubated for 30 min (0~ with vigorous shaking. The mixture was centrifuged under the same 
conditions and the pooled supernatant was evaporated at 25~ on a rotary evaporator (type RVO- 
04, Czechoslovakia). The residue was suspended in 40 ml of methanol and centrifuged at 45,000g 
(i0 min, 4~ the supernatant was dried at 25~ on a rotary evaporator. The dry residue was 
suspended in 30 ml water, titrated with a2M solution of tris-(hydroxymethyl)-aminomethane 
to pH 7.5, and centrifuged at 45,000g (i0 min, 4~ The supernatant was collected and fil- 
tered through a membrane ultrafilter of the YM-2 type (Amicon, USA), which passes only sub- 
stances with a molecular weight of under 1 kilodalton. The filtrate was collected, lyophilized, 
and kept at --70~ until required for use. The total weight of extract was 1.17 g. 

EXPERI~.~NTAL RESULTS 

It will be clear from Fig. i that extract obtained from human blood contains a material 
which inhibits dose-dependently both 5-HT reuptake and specific binding of 3H-IMI. The max- 
imal value of inhibition of 5-HT reuptake and IMI binding under these circumstances was 85%. 
Effective concentrations for inhibition of 5-HT reuptake and specific IMI binding (Fig. IA, 
C) by the test extract were 0.36 • 0.15 and 0.18 • 0.i mg/ml, respectively. Hill's coeffi- 
cients for the inhibitory effect of the test extract on 5-HT reuptake and IMI binding were 
close to i (Fig. IB, D). This is evidence of the absence of cooperative effects in the in- 
hibition of 5-HT reuptake by platelets and of specific IMI binding by the extract. 

To discover whether the inhibitory activity of the extract was due to the presence of 
one or several inhibitors in it, and also to purify the extract further, it was chromatographed 
on a column equilibrated with Biogel P-2 (Fig. 2). The experiments showed that the elution 
profile of the extract contained two minor peaks of inhibition of IMI binding and two princi- 
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Fig. i. Inhibition of reuptake of 3H-5-HT and of specific binding of 3H-IMI by ex- 
tract of human blood plasma. Concentration of ~H-5-HT in incubation mixture 200 nM, 
concentration of 3H-IMI 5 nM. A, C) Results expressed in per cent of control level 
of 3H-5-HT reuptake and of specific 3H-IMI binding, respectively) B, D) results ex- 
pressed in Hill's coordinates. V) Value (in cpm) of 5-HT reuptake (B) or of speci- 
fic IMI binding (D) in presence of extract in incubation mixture. Vma x) The same as 
V in absence of extract, p) Hill's coefficient. Straight lines drawn in B and D by 
the method of least squares. 

Fig. 2. Gel-chromatography of extracts of human blood plasma on Biogel P-2. 500 mg 
of extract dissolved in 2 ml of deionized water and applied to a column (I.0 • 57 
cm) with Biogel P-2 (400 mesh), equilibrated in deionized water; pH was adjusted 
with tris-(hydroxymethyl)-aminomethane to 7.5. Elution carried out with deionized wa- 
ter (pH 7.5) at 4~ at the rate of 4.5 ml/h. Fractions 3 ml in volume were collec- 
ted. DV) Dead volume of column, OV) i volume of liquid in column. 

pal peaks inhibiting this activity, which were eluted much later. The principal neaks inhib- 
ited reuptake of 5-HT by a much lesser degree than specific binding of IMI. Heterogeneity 
of the inhibitors of 5-HT reuptake also was discovered by chromatography of the extract on 
Biogel P-2 (Fig. 2B). Incidentally, under these circumstances three additional peaks of in- 
hibition of 5-HT reuptake were discovered (peaks 5-7), with no marked ability to inhibit spec- 
ific IMI binding. In addition, the principal peaks of inhibitory activity relative to IMI 
binding and 5-HT reuptake did not correspond to any of the well-marked peaks of absorption at 
280 nm, evidence of the considerable additional purification of the inhibitors applied to the 
column. The principal peaks of inhibitory activity were eluted from the column after passage 
of at least one column volume on account of adsorption of the material on the Biogel P-2 ma- 
trix. This makes it impossible to determine the molecular weight of the extracted inhibitors 
by gel-chromatography on Biogel P-2. 

l, 

2. 
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Whole-body irradiation of animals with comparatively small doses of radiation is known 
to be followed by an increase in the nonspecific resistance of the animal [8, 15], and by in- 
tensification of phagocytosis [3] and antibody formation [4]. The undesirable consequences 
of whole-body irradiation can be avoided by local and, in particular, by extracorporeal ir- 
radiation of blood (ECIB) [i, 9]. 

The aim of this investigation was to study the effect of a single ECIB on the cellular 
and biochemical composition of the blood and on activity of the factors of nonspecific immun- 
ity. 

EXPERIMENTAL METHOD 

Experiments were carried out on 16 mongrel dogs weighing from 12 to 28 kg. The animals 
were anesthetized by intravenous injection of a 2.5% solution of thiopenta! sodium and a by- 
pass was created by means of a plastic tube between the femoral artery and vein. The develop- 
ment of thrombosis was prevented by injection of heparin in a dose of 200 U/k~ body weight. The 
bypass tube was placed in a "Perenos" beta-apparatus, equipped with two IRUS-I sources based 
on 9~ and 9Oy, with activities of 7.4o10 I~ and 125.8.10 I~ Bq. The blood was irradiated for 
3 h to create a dose load of 6.0 to 12.0 Gy. The doses of irradiation of the blood were cal- 
culated by a mathematical method and by means of a chemical dosimetric system [5]. Blood was 
taken from a contralateral vein before formation of the bypass and in the course of 8 weeks 
after irradiation. The state of the blood system was assessed by reference to the following 
morphological and biochemical parameters: the erythrocyte and leukocyte counts, hemoglobin 
(Hb) concentration, hematocrit, ESR, activity of enzymes of the pentose phosphate pathway of 
glucose oxidation in erythrocytes (glucose-6-phosphate dehydrogenase (G6PDH) and transketo- 
lase) [12, 13], the concentrations of nucleic acids (DNA and ~A) [14], the total blood pro- 
tein level (by Lowry's method), the concentrations of serum protein fractions, activity of 
factors of humoral and cellular nonspecific defense [6, 7, i0, ii], and also with reference 
to activity of benzylpenicillin, injected into the bloodstream in a dose of 20,000 U/kg body 
weight, by the agar diffusion method, using St~ohylococcus aureus 209P as the testmicroorganis~ 
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