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Relationships between chemical structure and inhibition 
of epinephrine-induced human blood platclct aggregation 
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The effect of structural features in a series of carbamoylpiperidlne and nipecotoylpiperazine congener~ on epinephrine- 
induced aggregation of ht;man blood platelels is examined. Epinephrine-induced p r i m a o '  aggregation i.,~ effeelively 
inhibited by lee nipeeotoylpiperazine derivatives (eulminatirlg at an lea  ~ of 11.9 ,uM), While among nipeeoloblpipera- 
zinc as well as carbamoylpiperidine congeners there are p~tetu inhihiturs of AnP-stimulated platelet functiun (cresting 
at an IA, o of 12A and U .4  .uM, respectively), the ¢arbamuylpiperidine analogs are much levis active (e.g., Ip,~5o o !  

2911.1), or practically inactive, in impeding epinephrlne-lndueed p r i m a o ,  aggregation IPAI. 

Inlruduelion 

We have been engaged in relating structural features 
of synthetic entities to their effect on human blood 
platelets, employing the compounds as molecular probes 
in endeavoring to further elucidate mechanisms of 
platelct funetion [1-19]. The tertiary amines (structured 
around the ring nitrogens)in our compounds, identified 
as aggregation-inhibitory specific funclions [2]. are sub- 
ject  to broad variances in protonation contingent upon 
the pH of their immediate vicinity and upon the specific 
compounds' p K  a values. This very trait enables them. 
in their specifically structured molecules [1 3,6,7.161. to 
assume appropriate hydrophobic character for the 
penetration of the platelet membrane's lipid bilayer 
without interfering, subsequently, PAth their transforma- 
tion into con'esponding cations [1,3.7,12], Within this 
context, the penetrated amines in our surface active 
molecules can be envisioned to generate their cationic 
species in quantities capable of interacting with and 
reducing the response sensitivity of anionic phospho- 
lipids [5] (eL Ref. 20). Our conclusions are supported by 
the findings of Sheetz and Singer [21] (of. R.ef. 22) and 
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Ferrel et ah [23], even though these groups of investiga- 
tors differ among themselves in regard to the morpho- 
logical mechanisms effected by cationic amphipeths. In 
this manner, then, our compounds are capable of stabi- 
lizing membrane complexes of the dense tubular system 
(DTS) and of other storage sites sequestering calcium in 
the platelets [4.24]. By enhancing the integrity of these 
mer~rane  complexes. :he eomponnds should block or 
restrain Ca:  ~ release into the platelet's cymsol [4.15 I 
upon stimulation sparked by energized receptors and. 
consequently, impede aclivation of phospholipase A .  as 
well as the pathway associated with it [25]. Moreover. 
by reducing the response sensitivity of anionic phospho- 
lipids [5] (cf. Ref. 201. the compounds render phospha- 
tidylinositol 4,5-bisphosphate (PIP.~) unsusceptible or 
less susceptible to hydrolysis by phospholipase C which, 
in turn, prevents or curtails generation of inositol 1.4.5- 
trisphosphate (lP~) [26]. perceived as the principal 
moiety to trigger internal discharge of Ca"" [271 (of. 
Ref. 28). Consequently. the threshold for triggering 
and /o r  sustaining platelet aggregation should he 
elevated, and only stimuli of considerably greater inten- 
sity could actuate the prtx:ess [1-3,7-S,12,15]. 

In previous investigalions we evaluated the influence 
of our compounds on human blood platelet aggregation 
effected by a number of inducing agents (se~.  for exam- 
pie. Refs. 3. 4. 8, 15]. At this time, we examined in 
depth their action on epinephrine-stimulated platelets, 
and ~ere particularly interested in identifying variances 
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between their impact on the latter and on ADP-induced 
aggregation. 

iClaterials and Methods 

The test compounds I~sed in this investigation have 
been designed and synthesized in our laboratories and 
were discussed in earlier publications [1 19]. They in- 
clude: a,a'-bis[3-( N,N-diethylcarbamoyl)piperidino]- 
p-xylene dihydrobromide (I): L6-bis[3-(N,N-dielhyl- 
carbamoyI)piperidino]hexane dihydrobromide (II): 
1.10-bis[3-( N. N-diethylcar bamoyl)piperidinoldecane di- 
hydrobroafide (Ill); 1-decyl-3-(N.N-diethylearbamoyl) 
pipendine hydrobromide (IV); N, N '-bis(l-decylnipeeo- 
toyl)piperazine dihydriodide (V); N, N '-bis( 1 -hexylnipe- 
cotoyl)piperazine dihydriodide (VI); 1,2-bis[N-(1-deeyl- 
nipecotoyl)-N-methylamino]ethane dihydriodide (VII); 
and 1,2-bis[N-(l-hexylnipecotoyl)-N-methylamino]eth- 
ant: dihydriodide (Vlll), 

In preparing a he',, t 'atch of VI. we noted that the 
melting point for the old batch of the compound sheuld 
have been recorded as 254.6-255,2°C and that o;  its 
quaternary intermediate. N,N'-bis(1-hexylnicotinoyl) 
piperazine diiodide, as 245 0 246.0 ° C. The new batch 
substantiated these values, and they supersede those 
reported earlier (Ref. 3, p. 85). 

Similar observations were made in synthesizing sup- 
plemental amounts of compound V; the melting point 
for the old batch should have been recorded as 
26g.2-26g-9°C. Again. the new batch corroborated this 
value, and it supersedes that reported earlier (ReL 12, 9. 
50 (Table 1)). The melting point of the quaternary 
intermediate, N,N'-bls(t-deeylnicotinoyl)piperazine di- 
iodide, remains unchanged. Also. in preparing ad- 
ditional quantities of VII and V[II. this time, we suc- 
ceeded in oblaining the compounds in crystalline form 
with (i) toluene/ethyl acetate and (ii) toluene/methyl  
ethyl ketone solvent systems, respectively. In their erys- 

ioi CH:-- CH ~ HaC - HzC O 

Q " "°-'° Q 0 
o. ~ ' - " ,  o / o . .  ~o,, o.. 
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Fi s, I, Rclationshlps in Ihe struclural features of carbamoylpiperidin¢ and nip©~toylplperazine ~ageners employed in the study. 



talline form, they melted at 207,0-207.9°C and at 
198.1-199.0 ° C, respectively. The identity of both com- 
pounds was. again, analytically confirmed (Galbraith 
Laboratories, Knoxville, TNI. These values supersede 
those reported earlier (Ref. 12, p. 50 (Table I)). 

Our reference compounds, yohimbine hydrochloride 
(R-I) (Cat. No. Y-3~25, Lot No. 86F-0717) and chlor- 
promazine hydrochb)ride (R-II) (Cat. No. C-8138. Lot 
No. 71F-7704), were both procured from Sigma Chem- 
ical Co., St. Louis, Me.  

Prior to aggregometrie evaluation, compounds were 
normally dried at 100°C for 0.5 h at 0.030-0.010 
mmHg, and stored in a desiccator over Drierite (pro- 
tected from light) until u,~ R-I, however, was dried 5 h 
=t 0.075-0.009 mmHg at r:~om temperature (26-27 ° C). 

The use of adenosine 5'-(tfihydrogen diphosphate) 
(ADP), in the form of its sodium salt (anhydrot, s, 
95-99% pure, essentially vanadium-free grade, Cat. No. 
A-6521, Lot No. 46F-7285, Sigma Chemical Co.. St. 
Louis, Me), as a human blood platelm aggregation-in- 
ducing agent was described earlier [3,8,14]. Platelet-rieh 
plasma (PRP) and platelet-poor plasma (PPP) were 
prepared by centrifngation, simultaneously, in a Beck- 
man J6-B (120 × g, for 15 rain) and in a Sorvall GLC-2B 
(1400× g, for 18 rain), both at room temperature, re- 
spectively. This enabled us to initiate control/treated 
PRP aggregation runs, including 4 rain preincubafion 
and a 5.5 rain tracing phase, at 60/61, 70/71 and 
80/81 rain postvenipuneture; the figures obtained in 
each of these three runs were averaged into single 
values. Plastic pipette tips with Centaur pipettes and 
polystyrene, polyearbonate or polypropyleno tubes were 
employed throughout, except for siliconized glass 
cuvettes with silieonizod stir bars used in the Payton 
dual channel aggregation module. The plasma was kept 
at 37°C and the pH maintained within the appropriate 
range by displacing gently (2 rain) the air above it with 
a 5% CO2/95% air v/v mixture. Retention of CO 2 (5% 
COz/95% air) in the vials after initial gas displacement 
was achieved by keeping them, as well as aggregometer 
cuvettes, covered with Parafilm throughout the protocol 
whenever the procedure enabled us to do so. The pH of 
samples from untreated and unstimulated PRP in each 
set of aggregometric runs was monitored at 62 and 82 
rain after venipuncthre; readings ranged from 7.51 +_ 
0.~4(S.E., n=102) to 7.52+0.004(S.E., n=102). In 
employing the other aggregation-inducing agent, (-)* 
epinephrine in the form of its (+)-bitartrate salt (Cat. 
No. E-4375, Lot No. 37F-0423, Sigma Chemical Co., St. 
Louis, Me)  was added in 50 ~tl of aqueous 0.9% NaCI 
to 0.45 ml of PRP to yield a final concentration of 10 
pM epinephrine. 

All other reagents, methodology and the turbidimet- 
rie procedure employed in the aggregomettic determina- 
tions were also reported previously [3,8,14]. Again, blood 
was acquired from different donors for each of the, at 
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least, duplicate independent runs. They had fasted over- 
night and had abstained from all medications, alcohol, 
tobacco and caffeine for at least one week prior to 
donations. Through all experiments the age of the 12 
healthy male volunteers ranged from 20 to 36 years, and 
the minimal concentration of ADP eheiting maximal 
biphasic aggregation averaged 5.4 _+ 0.4(S.E.) FM for 22 
plasma samples. We continually monitored the time 
frame from the inception to the termination of the 
primary wave generated by epinephrine, in tracings of 
the control runs (82.5 ± 1.5(S.E.) s, 80 determinations). 
and projected the termination point from the control 
tracing onto the one generated by the test-compound- 
containing PRP; this enhanced substantially the repro- 
ducihility and the accuracy of our values. 

As indicated earlier [14] the values for the 5070 
inhibition of platelet zggregation (IAs0) were derived 
from the least squares analysis of points representing 
the means of inhibitory activities of at least two inde- 
pendent determinations for each concentration. Individ- 
ual determinations of % inhibitory activity, at a given 
concentration, normally did not vary from computed 
values by more than + 5 percentage points and fre- 
quently less. 

Results 

The data generated in this investigation are sum- 
marized in Table I, structured to accentuate the analogy 
and divergence between the compounds" effect on epi- 
nephrine-stimulated platelets and ADP-induced aggre- 
gation. To b,'oeden characterization of the impact our 
compounds exert on epinephrine-stimulated platelels. 
we identified concurrently the compounds" effect on 
total aggregation (ITA~) at the concentration de- 
termined to be its Ip,x~ 0 value for inhibiting p~mary 
aggregation (Fig. 2. Table 1). The terms primary and 

r'a 2', ~o 3'6 a'B 
Concen~'atl~, pM 

Fi s 2. Eplnephrine-lnduc~d primary ( e - - O )  and total 
( o - - ~ )  aggreBation of human blood platelets inhibited by com- 
pound VII. Inhibition of total (r) ag~grcgaaon (ITA~)corr~ponding 
to the/PAso fur pramaey {P) aggrcgatlom IPA~ 25.8 pM (slope. 93.1): 

ITA~. ~ . l  (slope. 24.3h 
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TABLE I 
Aggregatian-adzibztorv powntv of carbamoylpipertdine and nipecotoyl- 
ptp~Mne t~ngeners 

Compound Epinephrine-inducgg ADP-induced 
Primal5, Corresponding Total 
aggregation total aggregation aggregation 
/~Aso (#M) IT~ ~ IA~O tv ~M) a 

I h b 1 1 . 4  

n " h 64.3 
Ul u 2±5 
iv 2981 85.9 174.8 
v 11.9 89.9 12.4 
Vl 78.5 82.9 54.7 
VII 25.8 86.! 24.0 
v ia  63.3 88.5 18.0 

R-I 0.23 d 
R-It 71.3 84.8 73.1 

a From L~slo ct al. [14 I, 
Compounds 1, i [  and n[ did not cffe.cl Se,~ inhibition of epineph- 
fine-induced primary aggregalion at con~ntrations up to 22.8-91.2 
pM. 64.3-514.4 PM ~nd 120.0-240.0 /tM, regpeeliveIy (at these 
~ncentrations. t'ney registered 77.I±2.9($.E., n=6) Io ~S.2± 
I I ( S ~ , u - 6 )  r~m, 72.7~:O4{S.E..n 6) to  82 . l  ± 2.0{S U., i i  - -  6 l  ~,eo 

and 77.6 ± 2 ~S.E.. n ~ 6) to 85.9 ± O.8(S.E., n ~ 6) % inhibition of 
epinephrine-induced total aggregation, correspondingly). 
At con~ntmdons below: 0 3a # M, yohimbinc did not elicit s~- 
ondary agg~gation and, thmefore, a pcr~ntgge for the compound's 
inhibitory effect in letal aggregation corresponding 1o its lpAso 
value is not available. 
At con~n~ati~s 0.23 23.0 /~M no inhibition of ADP-induced 
Iolal aggregation was discerned. 

total aggregation have been employed in accordance 
with the definitions articulated by Ding et al. [29] and 
also applied by Emanuelli el al. [30]. 

The vahie listed for compound VIII under ADP-cf- 
letted aggregation (1As0, 18,0 pM)  does not reflect the 
trend of enhanced inhibition with increasing hydro- 
phohicity registered by compounds VI and V (lAsa, 78,5 
,aM and 11.9 gM), and VIII and VII (/Am, 63.3 # M  and 
25.8 pM), in their effect on epinephrine-induced primary 
aggregation, and by VI and V (I~,so, 54.7 # M  and 12.4 
/~M) on ADP-stimulated platelets. To make certain that 
this value we reported for compound VIII earlier [14] is 
correct, we redetermined its [A~o in ADP-induced ag- 
gregation and confirmed its validity (/Am, 21.2 ttM). In 
the process we discerned, in a total population of 12 
donors, five high-responders l iar0,  14.6 #M) and five 
Iow-responders llAnO, 27.7/ tM) with the greatest diver- 
gence at lower, and increasing convergence at higher, 
concentrations. 

In regard to the reference compounds, as indicated in 
Table 1, yohimbine did not regtstet any inhibition oi 
ADP-stimulated platelets at concentrations up to 100- 
fold higher than those effecting 50% inhibition of epi- 
nephrine-induced primary aggregation. 

Discussion 

Considerable differences exist in the respective mech- 
anisms of action associated with ADP- and epineph- 
rine-triggered aggregations. There is, however, a distinct 
common denominator. While ADP is the dominant 
agonist in exposing fibrinogen binding sites, epineph- 
rine can effect formation of interplatelet flbrinogen 
bridges (in the absence of discernible quantities of 
ADP) but to a much lesser extent [31] (of. Refs. 32, 33). 
Epinephrine's ability to effect human blood platelet 
aggregation has been overwhelmingly linked to its 
stimulation of oc2-adrenoceptors [34-36] and Tremblay 
and Hamet  [37] contend that in human platelets, due to 
the density of az-adrenoeeptors, it inhibits adenyiate 
cyclase subsequent to its OCCupancy of the receptor. The 
consequent reduction in basal and /o r  previously 
stimulated levels of cAMP results in a lack of natural 
means (a) for reducing cytosolic Ca 2÷ by redistributing 
thi: free calcium into platelet vesicle storage sites, and 
(b) for rendering less accessible pivotal platelet mem- 
brane sites for the platelet aggregation process [1]. Powl- 
ing and Hardisty [38] found recently that epinephrine 
enhances intracellular mobilization, as well as influx, of 
extracellular Ca a+. Most  recently, emphasis has hecn 
placed on receptor-accelerated N a + / H  + exchange 
which, by alkalinizing the platalet interior, sensitizes 
phospholipase A 2 1o ambient Ca ~+ concentrations [39] 
(el. Ref. 40). In any event, the premise associating the 
primary wave with the agonist's binding to ~-reccptofs,  
in epinephrine-induced aggregation, remains undisputed 
[41]. 

As we observed in our previous studies [1-3,5-8], 
molecular features imparting hydrophobie character- 
istics can have substantial influence on the compounds' 
plate[et aggregation-inhibitory activity. Here, too, the 
molecules" hydrophobic profile was clearly reflected in 
the impact exerted by nipecotoylpiperazine congeners 
on the primary phase of epinephrine-induced aggrega- 
tion. Compounds VII and VIII match compounds V 
and VI, respectively, in all aspects except for one mis- 
sing bond between two carbons of the piperazine moiety 
linking the latter, which differentiates the eongenegg 
into 1,2-bis(methylamino)ethane analogs and piperazine 
derivatives, correspondingly (Fig. 1). The 1-decyl sub- 
stituted nipecotoylpiperazine congener (V) was more 
than 6-fold stronger than its 1-hexyl substituted analog 
(VI); similarly, 1,2-bis[N-(l-decylnipecotoyl)-N-methyl- 
amino]ethane (VII) was decidedly more potent than its 
corresponding 1-hexylnipeeotoyl derivative (VIII) (Ta- 
ble I). Variations in potencies notwithstanding, one is 
tempted to conjecture that all these analogs could be 
capable of substantially interfering with epinephrine's 
binding to a2-adrenoceptors in view of the work by 
Mehta  et al. [41], demonstrating decisive correlation 
between binding of (-)-epinephrine to platelet a 2- 



adrenoceptors and the agouist's ability to elicit primary 
wave aggregation response. 

Since compounds VI and VIII differ from V and VII 
solely by having four fewer methylene units in their 
respective aikyl substituents on the ring nitrogens (Fig. 
1), it is reasonable to conclude that increase in hydro- 
phobicity enhances inhibitory potency in epinephrine- 
induced primary aggregation. This parallels the trend 
observed for VI and V in ADP-induced total aggrega- 
tion [16] (Table I); the fact that VIII and VII exert 
inhibition at around the same level, in ADP-induced 
total aggregation, seems to be an exception and since 
our compounds have been designed with gradual 
changes in their molecular constitution- can he attri- 
buted, in that specific set of congeners, to the severed 
bond in the linking moiety derived from piperazine (see 
Fig. 1, Table I and Results). 

One could look upon compound V as the fusion of 
two molecules of compound IV which share the same 
two ethyl sufistituents on each of their respective amide 
nitrogens (Fig. 1). Compound 1V has only a single 
aggregation-initibitory specific function (tertiary amine 
structured around the ring nitrogen) compared to the 
two embodied within the molecule of compound V and 
is, in accordance with our previous postulatez for 
ADP-indueed aggregation [1,8], substantially less potent 
in inhibiting epinephrine-induced primary aggregation 
(25-fold) as well as ADP-indueed total aggregation (14- 
fold) (Table I). 

In a different vein, one could envision a fusion of 
two molecules of compound IV which share the same 
deeyl substithent on each of their respective piperidino 
nitrogens. This configuration is attained in compound 
IIl  (Fig. 1) and, since its molecule incorporates two 
aggregation-inhibitory specific functions, it should be 
more potent than compound IV with only a single 
aggregation-inhibitory specific function; and, indeed, 
compound I l l  is over seven times more potent in in- 
hibiting ADP-indueed total aggregation [16]. We dis- 
eerned a striking contrast, however, in the effect of 
compound IIl on epinephrine-induced primary aggre- 
gation. While registering an Ia~ 0 O1' 23,5 # M  in ADP-in- 
duccd total aggregation, it was unable to effect 50% 
inhibition of epinephrine-induced primary aggregation 
in concentrations up to 120-240 tLM (at the referenced 
concentmtious it exerted 77.6 + 2.4(S.E., n = 6) to 85.9 
+ 0.8(S.E., n = 6) % inhibitiou in epinephrine-induced 
total aggregation). Congeners of 1,10-bis[3-(N,N-dielh- 
ylcarbamoyl)piperidino]decane (compound I11), the cor- 
responding hexane- and xylylene-linked bis(carbamoyl- 
piperidino) derivatives (compounds 11 and I, respee- 
lively) registered analogous platelet aggregation-inhibi- 
tory profiles (Table I). 

It is rather striking that, in a series of comparatively 
closely related congeners, a select few among quite 
potent inhibitors of ADP-induced aggregation (purlieu- 
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lady I and 111) lacked the modality to effeel 50% 
inhibition of epinephrine-indu~:ed pnmury aggregation 
at manyrold higber concentrations (Table I). The nipe- 
cotoylpiper~inc congeners (V, V1. VII and VIII) are 
quite effective in inhibiting epinephrine-induced primary 
aggregation as well as ADP-induced total aggregation. 
While the carbamoylpiperidine analogs with two aggre- 
gation-inhibitory specific functions (1, 11 and Ill)  are 
potent in quelling ADP-induced total aggregation, they 
are not capable of impeding meaningfully epinephrine- 
induced primatTv aggregation. 

Reducing the aggregation.inhibitory specific func- 
tions in the molecule from two (e.g., compound Ill) to a 
single one (compound IV). weakens substantially inhibi- 
tion of ADP-induccd total aggregation; coneurremly, 
the compound (IV) acquires a limited but decidedly 
tangible inhibitory activity in epinephrine-induced 
primary aggregation. This occurs apparently because, in 
the absence of the second polar carbamoylpiperidine 
moiety, the singly substituted deeane enhances the hy- 
drophobic character of the molecule [6]. One may also 
conjecture that the flexibility of the remaining single 
aggregation-inhibitory specific function may render it 
more accessible for interference with (-)-epinephrine's 
binding to a2-adrenoceptors since, as stated above, 
Mehta et al. [41] have shown decisive correlation be- 
tween (-)-epinephrine 's  binding to ¢t2-adrenoceptors 
and its ability to effect primary aggregation. The same 
ec.njecmre may be extended to the nipecotoylpiperazine 
congeners in which a corresponding flexibility (com- 
pounds V, VI, VII and VIII) and parallel increase in 
hydrophohicity (compounds V and VII) are apparent. 
They could be envisioned to be much more potent 
epinephrine-induced primary aggregalion inhibitors, 
possibly because two aggregafiou-inhibitory specific 
functions, within a single molecule, are accessible for 
interference with the binding of (-)-epinephrine to 
~2-adrenoceptors. 
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