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Summary. The presence of both MAO and benzodiazepine (BZ) receptor binding 
inhibitory activities in rat tissues has been reported previously. The two activities 

were similarly and unevenly distributed in the tissues. This dual inhibitory 
activity has been termed tribulin. We report here the effect of 1 1/2 hrs cold 
restraint stress on tribulin activity in rat tissues together with biochemical 
evidence to support the concept of a physiological role of tribulin. Stress induced 
a significant increment of both activities in heart and kidney while no significant 
changes were observed in the other tissues studied. Hearts and kidneys from 
stressed rats also showed a significant decrease of MAO activity, a significant 
increase of dopamine content and a significant decrease of the binding of 3H- 
Ro 5-4864 to peripheral BZ receptors. Scatchard analysis of the saturation 
curves carried out using 3H-Ro 5-4864 (0.4-10 riM) showed significant Bmax 
decreases in both organs. No significant change in either of these inhibitory 
activities was observed in the other tissues studied. These data provide support 
for a role of tribulin in the biochemical response to stress. 
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Introduction 
Normal human and rat urine contains a substance (s) which is able to inhibit 
competitively MAO activity and to act as a benzodiazepine (BZ) receptor ligand, 
inhibiting the binding of BZ to specific receptors (Clow et al., 1983). 

Partial purification by high pressure liquid chromatography showed that 
both activities eluted from the column in the same fractions (Elsworth et al., 
1984; Glover et al., 1985). The urinary output of these activities is raised in 
rats after cold-restraint stress (Glover et al., 1981; Glover et al., 1985) and in 
humans after exhausting muscular exercise (Armando et al., 1984). In conditions 
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o f  raised ou tpu t  the two activities always showed a significant correlat ion,  
a l though neither correlated with creatinine concentrat ion.  

This dual  inhibi tory activity has been termed tribulin (Sandier, 1982) and 
cannot  be accounted  for by any o f  the major  ur inary consti tuents,  the known  
putat ive BZ receptor  ligands or M A O  inhibitors (Clow et al., 1983; Glover  et 
al. 1980). W e  have previously described that  bo th  M A O  inhibi tory activity and 
BZ receptor  ligand material  are present  in rat  tissues. The two activities are 
unevenly dis t r ibuted in different tissues and the tissues content  o f  these activities 
were found  to be highly correlated (Armando  et al., 1986). We  repor t  here the 
effect o f  cold-restraint  stress in the tissue content  o f  bo th  activities. In order  
to determine whether  tribulin could  play a role in the biochemical  response to 
stress we have also s tudied the activity of  M A O ,  the binding of  specific ligands 
to BZ receptors  and the content  o f  catecholamines  in tissues f rom control  and 
stressed animals. 

Materials and methods 

Experiments were carried out on 2 month old male Sprague-Dawley rats. Rats were pur- 
chased from ELEA Lab. Argentina and placed for at least 4 days in a quiet room with 
food and water "ad-libitum". Control rats were killed without any previous handling. 
Animals were stressed by placing them in restraint cages for 1 1/2 hrs in a cold room (4 ~ 
Rats were killed by cervical dislocation. Tissues were rapidly removed, placed on ice and 
stored frozen until assays were performed. 

MA and BZ  binding inhibition assays 

For each experiment tissues collected from 6 rats were pooled, weighed and homogenized 
(20-50%) with an Ultraturrax in cold 2N HC1. Homogenates were centrifuged (0 4 ~ 
for 10 rain at 7000 rpm. A 50 ~tl aliquot of the supernatants was separated for measuring 
tissue content of catecholamines (CA) and the rest was transferred to glass tubes and 
extracted into 2 vol. redistilled ethyl acetate. After centrifugation the organic layer was 
carefully removed, divided into two aliquots and dried down under N2. Blanks containing 
equal volumes of 2N HC1 to those used for tissue homogenization were also extracted into 
ethyl acetate and carried through the whole procedure. 

Residues from one of the two dried down aliquots were taken up in 220 gl of 100 mM 
phosphate buffer pH 7.4 and the MAO inhibitory activity was tested as described by Glover 
et al. (1980). Briefly, 100 ~1 aliquots were incubated (30 rain at 37 ~ with 20 ~tl of MAO 
preparation (1% w/v homogenate of rat liver) and 10 ~tl of I4C-tyramine (Specific Activity 
58.9 mCi/mmol, New England Nuclear) diluted with unlabelled tyramine to give a final 
concentration in the incubation mixture of 83 ~tM. The radioactive product formed was 
extracted into 3 ml of toluene: ethyl acetate (1:1) and after centrifugation the organic phase 
was transferred to vials for liquid scintilliation spectrometry. 

Residues from the remaining aliquot were taken up in 220 gl of 25 mM phosphate 
buffer pH 7.1 and 100 gl aliquots were incorporated into an assay of 3H-flunitrazepam 
binding to rat brain membranes, as described by Braestrup et al. (1980) to determine 
inhibition of BZ receptor binding. 3H-flunitrazepam (3H-FNZ) (Specific Activity 74.8 Ci/ 
retool, New England Nuclear) was used in a final concentration in the incubation mixture 
of 2 riM. The final concentration of rat brain membranes in the assay was 0.5% w/v. Both 
inhibitory activities were measured in duplicate for each sample. Controls for both assays 
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were carried out using 100 ~tl of buffer instead of tissue or blank extracts. Blanks inhibited 
both reactions by 10-15%. 

Catecholamine determinations 

Tissue contents of epinephrine (E), norepinephrine (NE) and dopamine (DA) were deter- 
mined using a radioenzymatic method as modified in our laboratory (Armando et al., 
1983). 

Tissue activity of  MAO 

For determination of MAO activity tissues were homogenized in 5-10 vol. 100 mM phos- 
phate buffer pH 7.4; centrifuged (0-4 ~ at 500 rpm for 10 min and 20 gl aliquots of the 
supernatant were incubated with 14C-tyramine (final concentration 16 gM). The assay 
procedure was similar to that used to test MAO inhibition. 

BZ binding assays 

Membranes for binding assays were prepared as follows: tissues were homogenized in 3- 
5 vol. 25 mM phosphate buffer pH 7.1, centrifuged (0-4 ~ at 2000 rpm for 10 min, pellets 
were discarded and supernatants recentrifuged at 12000 rpm for 30 min. The crude mem- 
brane pellets, including mitochondrias, were resuspended in the original volume of buffer 
and aliquots (containing 0.2-0.4 mg protein as determined by Lowry's method) were in- 
cubated with the radioactive ligands. Assays were carried-out as described by Braestrup et 
al. (1980). Non-specific binding was determined using 1 ~tM diazepam. 3H-FNZ (final 
concentration 8 nM) was used for binding assays to cerebrum and cerebellum membranes. 
3H-FNZ (final concentration 20 nM) and 3H-Ro 5-4864 (Specific Activity 76.5 Ci/mmol, 
New England Nuclear) (final concentration 1 riM) were used for binding assays to mem- 
branes from peripheral tissues. 

Statistical analysis was performed using, Student's t-test for paired and unpaired data. 

Results 

Figure 1 shows the M A O  and BZ receptor binding inhibitory activities found 
in tissues f rom control  and cold-restraint stressed rats. Both inhibitory activities 
are expressed in units per g of  wet tissue. A unit of  each activity was arbitrarily 
defined as that  producing 25 % of  inhibition in each test assay system (Armando  
et al., 1986). The M A O  inhibitory activity found in hearts and kidneys f rom 
stressed rats was significantly higher than that  found in those tissues f rom 
control  rats. Al though  not  significant, a decreased M A O  inhibitory activity was 
found in cerebellum from stressed rats. BZ receptor binding inhibitory activity 
was also found to be significantly increased in both  heart  and kidney f rom 
stressed rats and decreased a l though not  significantly, in cerebellum. In the 
other  tissues studied the levels of  the two activities were found to be similar in 
both  control  and stressed animals. The two inhibitory activities were found to 
be positively and significantly ( r=0.99,  p<0 .001)  correlated in tissues f rom 
both  control  and stressed rats. 

Table 1 shows the content  of  DA, NE and E in tissues f rom control  and 
stressed rats. The catecholamine content  of  heart  a t r ium and ventricle were 
measured separately. Stress induced significant increases in D A  content  in heart  
(atrium and ventricle) and in kidney. A significant decrease in NE content  was 
found in the atrium. 



32 Inhs Armando et al. 

BZ RECEPTOR BINDING 

INHIBITORY ACTIVITY 

Units/g 5 4 3 2 

SCG 1 

CEREBELLA I 

M A O  

INHIBITORY ACTIVITY 

1 0 1 2 3 4 5 6 7 Units/g 

[ l , 
t 

VAS DEF 

CEREBRUM 

HEART 

SPLEEN 
,4 I i-;" 

LUNG 

KIDNEY 

LIVER 

Fig. 1. Effect of 1 1/2 hrs of cold-restraint stress on benzodiazepine receptor ligand activity 
and MAO inhibitory activity in rat tissue extracts. Tissues from 6 rats were pooled for 
each experiment homogenized in acid and extracted into ethyl acetate. The dried down 
residues were taken up in buffer and incorporated into the MAO and benzodiazepine 
receptor assays using a final concentration of 83 llM ]4C-tyramine and 2 nM 3H-flunitra- 
zepam respectively. Each bar represents the mean 4- SEM of 5 experiments. [] Con- 
trol; �9 stress. * p<0.05 vs control; ** p<0.0025 vs control, *** p<0.00125 vs control 

Table 2 shows in control  and stressed rats the activity of  M A O  found in 
tissue homogenates  and the binding of  specific BZ receptor ligands to crude 
membrane  preparations.  The activity of  the enzyme in heart  and kidney from 
stressed rats was significantly lower than in controls whereas it remained un- 
changed in the other tissues studied. 

The binding of  the peripheral BZ receptor ligand 3H-Ro 5-4864 (1 nM) was 
found to be significantly decreased in heart  and kidney from stressed rats. 
Fur thermore ,  in these tissues the binding of  3H-FNZ (20 nM) a central and 
peripheral BZ receptor ligand was also found to be significantly decreased. The 
binding of  3H-FNZ (8 nM) to membranes  f rom cerebellum and cerebrum was 
found to be similar in control  and stressed rats. 

In heart and kidney from control  and stressed rats saturat ion curves were 
carried out  using 3H-Ro 5-4864 (0.4 to 10 nM).  The results of  the Scatchard 
analysis of  the curves are shown in Table 3. The stressed hearts and kidneys 
showed significant decreases in the number  of  receptors (Bmax) when compared  
to controls. No  changes were observed in the Kd. 
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Table 1. Endogenous catecholamines in tissues from control and cold-restrained rats 

Dopamine Norepinephrine Epinephrine 
ng/g ng/g ng/g 

Kidney Control 1.6 4- 0.4 83 + 18 5.2 • 1.8 
Stress 2.5 4- 0.4* 79 4- 7 4.8 + 1.4 

Cerebellum Control 5.2 4- 1.0 144 + 25 3.7 4- 1.5 
Stress 9.2 4- 2.7 157 4- 30 3.0 4- 0.6 

Ventricle Control 6.9 + 1.1 217 4- 39 9.7 4- 1.7 
Stress 13.5 • 1.7" 223 4- 25 22.5 4- 8.9 

Atrium Control 11.6 + 3.9 789 + 160 19.2 • 3.7 
Stress 27.54- 5.8** 637+ 126"* 37.04- 11.1 

Vas deferens Control 60.0 4- 8.9 4545 + 543 37.9 4- 9.8 
Stress 74.84- 1 7 . 2  42894-268 28.64-2.6 

Cerebrum Control 382.0 4- 57.8 259 + 24 23.1 4- 3.9 
Stress 353.0 4- 17.0 197 • 22 20.6 4- 2.4 

Results are mean 4- SEM of 4 experiments 
* p<0.02 vs control; ** p<0.05 vs control 

Discussion 

Our results show that  cold-restraint stress induced an increase in the M A O  and 
BZ receptor binding inhibitory activities in heart  and kidney. In both  tissues 
together with the increment  in this dual inhibitory activity we have also found 
a decrease in M A O  activity, an increase in DA content  and a decrease in the 
binding of  peripheral benzodiazepine receptor ligands. 

We have previously described the presence of  both  activities in rat tissues 
and showed that  they are similarly and unevenly distributed. The distr ibution 
of  the two activities found in control  tissues f rom Sprague-Dawley rats is similar 
to that  we have reported before in Wistar rats (Armando  et al., 1986). The only 
difference between these two strains of  rats seems to be higher values of  both  
activities in the cerebellum from Sprague-Dawley rats. Al though  still short  of  
proof,  in urine the two inhibitory activities have been ascribed to only one 
molecule since partial purification by high pressure liquid chromatography  
demonst ra ted  that  both  eluted in the same co lumn fractions (Clow et al., 1983). 
Similar activities f rom rat brain and h u m a n  plasma extract at the same pH, 
are of  low molecular  weight and behave in a similar way on high pressure liquid 
chromatography  to tribulin f rom h u m a n  urine (Glover et al., 1984). Is not  
unlikely then that  the activities in the tissues could also be due to tribulin. 

The release of  an endogenous  reversible M A O  inhibitor has been postulated 
by several authors  to explain the brain levels of  CA and serotonin metabolites 
produced  during different stressful condit ions (Welch and Welch, 1970) and 
the decrease of  M A O  activity in rat liver and brain after environmental  stress 
(Maura  and Vaccari, 1975). Such an inhibitor would  be of  obvious physiological 
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Table 3. Scatchard analysis of 3H-Ro 5-4864 saturation curves (0.4-10nM) in heart and 
kidney membranes from control and stressed rats 

Bma x Kd 
pmol/gr prot nM 

Heart Control 1403 4- 302 0.76 • 0.30 
Stress 398 + 89* 0.80 4- 0.08 

Kidney Control 482 4- 86 0.88 • 0.17 
Stress 161 4- 98* 1.01 4- 0.60 

Results are X 4- SEM of 4 experiments 
* p<0.01 vs control 

benefit to conserve CA levels during periods of maximal release. In vitro, tribulin 
inhibits rat liver MAO A and MAO B equally and kinetic analysis of the effect 
on tyramine shows the inhibition to be competitive (Elsworth et al., 1984). If 
tribulin plays a role in the in vivo regulation of MAO activity, its increased 
presence should cause a decrease in the activity of the enzyme in the tissue. 
Our present data, in heart and kidney, showed not only an increase in the MAO 
inhibitory activity after stress but also a decrease in the activity of MAO in 
homogenates of these tissues. Although a kinetic analysis of the inhibition of 
tyramine oxidation was not performed in these experiments, the decrease in 
MAO activity was found using a low concentration of the substrate. This is 
compatible with the presence of a competitive reversible inhibitor. If reversible 
with MAO then the dilution in the homogenate will underestimate the effects 
of the inhibitor in vivo. 

On the other hand, an increase in DA content was observed in heart and 
kidney from stressed rats. Stress-induced increases in DA content have been 
reported in hamster hearts (Sole et al., 1977) and rat kidney (Snider and Kuchel, 
1983). These increases have been explained assuming that under condition of 
increased sympathetic activity there is a shift in the rate-limiting step for NE 
synthesis from the hydroxylation of tyrosine to the hydroxylation of DA (Snider 
and Kuchel,  1983). However, it can also be speculated that these findings are 
related to a decrease in MAO activity since studies on neurotransmitter turnover 
have shown that inhibition of MAO activity results in tissue accumulation of 
DA while changes in NE concentration are usually small (Sharman, 1981). 

Tribulin has been shown to inhibit selectively and competitively the binding 
of 3H-clonazepam to the central type of BZ receptors in rat brain as well as to 
inhibit the binding of 3H-Ro 5-4864 to the peripheral type of receptors in rat 
kidney (Elsworth et al., 1984). Stress induced in heart and kidney an increase 
in the BZ binding inhibitory activity. Crude membranes (including mitochon- 
dria) from these tissues showed a decrease in the binding of both 3H-Ro 5-4864 
and 3H-FNZ. The Scatchard analysis of the saturation curves obtained with 
3H-Ro 5-4864 demonstrated a decrease in the number of receptors in both 
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tissues. These data are compatible with the presence of a non-competitive re- 
versible inhibitor. 

BZ receptors are capable of being altered by external stimuli (Braestrup 
and Nielsen, 1983). In this respect it has been reported that stress induced a 
decrease in the brain number of specific BZ binding sites (Medina et al., 1983). 
It has also been suggested that stress induces in brain cortex the release of a 
substance possessing similar characteristics to [3-carbolines (Biggio et al., 1984). 
We have not found after stress significant changes in either the inhibitory 
potency of cerebrum homogenates or the binding of 3H-FNZ to cerebrum 
membranes. However, since the changes reported in the number of receptors 
seem to be restricted to certain brain areas it is possible that a significant change 
could not be observed in these homogenates. 

Peripheral BZ receptors have been found in many tissues including both 
kidney and heart (Arnholt et al., 1984). The regulation of kidney receptors by 
factors involved in the control of blood pressure has been suggested (Regan et 
al., 1981) as well as a role of peripheral receptors in the effect of BZ on the 
secretion of hormones from some endocrine organs (De Souza et al., 1985). 
Our data suggest that tribulin might be involved in the regulation of these 
receptors although the determination of the physiological significance of this 
finding must await the identification of the precise function of the peripheral 
BZ receptors. 

The present data not only support the concept of a participation of tribulin 
in the complex mechanisms triggered by stress but also provide evidence of an 
in vivo role of these activities. 
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