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Abstract: NPC 17742, the most potent isomer of the mixture, NPC 12626, was evaluated in tests predictive of 
NMDA antagonism. The compound was shown to be a selective and systemically active NMDA antagonist. 

Excitatory amino acids (EAAs) am the most prevalent neurotransmitters in the mammalian central nervous 

system (CNS)l. Current understanding defines at least five receptor families for EAAs which are broadly 

grouped according to effector mechanisms; metabotropic receptors directly activate second messenger systems 

whereas ionotropic receptors are coupled to membrane ion channels2. Included in the latter category are receptors 

for the isoxazole AMPA [2RS-2-amino-3-(3-hydroxy)-5-methylisoxazol-4-yl)propionic acid], the pyrrolidine 

neurotoxin, kainic acid and the synthetic aspartate analog, N-methyl-D-aspartate (NMDA). Given the diversity of 

EAA receptor subunits which have been cloned and expressed, it is apparent that multiple receptor subtypes exist 

within each receptor family3. For this reason, EAA receptors are thought to offer a rich and varied opportunity to 

identify compounds useful to explore normal CNS function as well as to develop new therapeutics for 

pathological conditions affecting the brain. 

By virtue of the early identification of prototypical antagonistsd, significant progress has been made 

toward identifying competitive blockers of the NMDA site. Included among these are D(-)CPP [2R(-j-3-(2- 

carboxypiperazine-4-yl)propyl-1-phosphonic acids], CGS 19755 [(f)cis-4-phosphonomethyl-2-piperidine 

carboxylic acid6], CGP 37849 [(.!$2-amino-4-methyl-5-phosphono-3-pentenoic acid7], D(-)CPkne [(R,R)-4- 

phosphonoprop-2-enyl)piperazine-2carboxylic acids] and LY 274614 [3SR, 4aRS, 6SR, 8aRS-6- 

(phosphonomethyl-l,2,3,4,4a,5,6,7,8,8a-decahydroisoquinoline-3-c~boxylic acid91 (Figure 1). Each of these 

agents is undergoing extensive evaluation for conditions as varied as epilepsy, stroke, post-traumatic brain injury 

and anxiety. 

Previously, NPC 12626 [2-amino-4,5-( 1,2-cyclohexyl)-7-phosphonoheptanoic acid] was introduced as a 

systemically active competitive NMDA antagonistlo. While the compound was useful as a probe of NMDA 

receptor function, the presence of 3 chiral centers made the agent unsuitable for further development. Using a 

combination of high performance liquid chromatography, enantiospecific chemical synthesis and x-ray 

crystallography, the 2R, 4R, 5s configuration of NPC 12626 was identified as the most potent of the 8 isomers in 

the mixture. This compound, the synthesis of which is described in an accompanying chapterll, was designated 

NPC 17742. The present manuscript provides an overview of the pharmacology of NPC 17742. The data are 

consistent with the notion that NPC 17742 is a competitive NMDA antagonist having good systemic activity. 
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Figure 1. Structures of systemically active competitive NMDA receptor antagonistss-9. 

The separatron, isolation and acquisitton of quantities of the 4 cis isomers and 2 pairs of tram isomers of 

NPC 12626 have been described by Hamilton et al. 11. As reported therein, the 2R, 3R, 5.S conformation of NFC 

12626 was found to be the most potent Isomer to mhibit NMDA-sensitive (3H]L-glutamate binding to rat brain 

membranes. Similarly, the 2R. 4R, SS compound was the most potent inhibitor of the specific binding of 

]3H]CGS 19755 to rat brain membranes (Table 1). Only the 2R. 4R, 5S and 2s. 4R, 5S compounds partially 

inhibited the binding of [3H]glycine to strychnine-insensitive sites with affinities similar to those inhibiting the 

specific binding of [3H]CGS 19755 to NMDA recognition sites (Table 1). These results confirm prior reports on 

the differential sensitivity of the NMDA-linked glycine receptor to competitive NMDA antagonists and extend the 

observation to a defined series of isomers 12 Like other NMDA antagonists . lo, NPC 17742 (10 pM) antagonized 

NMDA-induced stimulation of [-‘H]TCP [ I-(2.(thienyl)cyclohexyl]piperidine] bmding to the NMDA receptor 

ionophore producing a 13.fold decrease in the potency of NMDA. Likewise, in the XenoRpus oocyte expression 

systeml-‘, NPC 17742 (~KB = 6.9) antagonized glycme-dependent NMDA-induced inward currents but had no 

effect on AMPA- or kainic acid-mediated responses at concentrations 5 100 uM. 

In agreement with results of receptor binding assays. NPC 17742 was found to be the most potent isomer 

to antagonize NMDA-induced convulsions 14 when administered either intracerebroventricularly (ICV) or 

intraperitoneally (IP) to mice (Table I). 

Unambiguous synthesis of NPC 17742 in kilograrn quantities provided the opportunity to more 

thoroughly study its pharmacological properties. Consistent with the notion that NMDA antagonists are broad 

spectrum anticonvulsants, 30 minute pretreatment of mice with NPC 17742 prevented NMDA- (Table 1), 

pentylenetetrazol- (ED50 = 4.5 mg/kg: i.p.) and maximal electroshock-induced (ED50 = 13 mg/kg) seizures. These 
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results have been supported by other findings indicating NPC 17742 also prevents cocaine-induced seizures in 

rodents15 and, like CGP 37849, at doses as low as 0.1 mg/kg (IM) once daily, controls seizures in animals 

having dilantin-sensitive idiopathic epilepsyle. 

TABLE I 

NMDA RECEPTOR AFFINITIES AND ANTAGONIST POTENCIES 

OF THE ISOMERS OF NPC 12626 

COMPOUND ICso (uM) EDso VERSUS NMDA 

ICV (nmoles) IP (mglkg) 

2R, 4R. 5s NPC 12626 0.27 

2S,4S, 5R NPC 12626 2.4 

2S, 4R, 5s NPC 12626 2.6 

2R, 4S, 5R NPC 12626 5.6 

(-) mJns NPC 12626 4.05 

(+) ~a3l.r NPC 12626 28 

DL(+-))CPP 0.19 

CGS 19755 0.087 

0.28 1.05 

8.5 32 

44.6 40 

8.5 33 

20 > 100 

49 >lOO 

1.2 2.2 

0.19 2.6 

Shown are the ICsus or EDsos for the isomers of NPC 12626 to inhibit the specific binding of [3H]CGS 

19755 to NMDA recognition sites on rat brain membranes or to inhibit NMDA-induced (250 mg/kg;IP) seizures 

in male CF-1 mice when given 15 min (ICV) or 30 min (IP) prior to NMDA. The values were generated from 

highly purified samples obtained using preparative HPLC methods. Numbers for CPP are taken from ref 10. 

Binding assays were performed on at least 3 separate occasions. 

Using the well-established paradigm of drug-discrimination l7 and rats trained to discriminate NPC 12626 

(20 mg/kg; i.p.>, several NMDA antagonists including NPC 12626 (EDso= 18.1 mg/kg; ip.). NPC 17742 (ED50 

= 2.1 mg/kg; ip.). CGS 19755 (ED 50 = 2.3 mg/kg; i.p.), CGP 37849 (ED50 = 0.8 mg/kg; i.p.) and D-CPPene 

(Ed50 = 0.8 mg/kg; i.p.) substituted for NPC 1262618. As expected, NPC 17742 was some 9-fold more potent 

than the mixture of isomers and equipotent to CGS 19755. Preliminary results in our laboratory indicate this 

potency separation is maintained in rats trained to discriminate NPC 17742 (4 mgikg; i.p.) from saline; NPC 

17742 (ED50 = 1.9 mg/kg; i.p.) appeared approximately 4 - 5 times more potent than NPC 12626 (ED50 = 8.9 

mg/kg; i.p.). 

Preliminary studies have demonstrated that NPC 17742 prevents damage to hippocampal CA1 neurons in a 

gerbil model of transient global ischemia lo when administered both prior to and after the ischemic insult (50 
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mg/kg, i.p.; 30 and 10 mm prior to, and 60 min after &hernia), or when given immediately after the initiation of 

reperfusion (50 mg/kg, i.v.; 10 min post &hernia followed by 50 mg/kg delivered by constant infusion over 120 

min with a 50 mg/kg bolus iv. injection at 121 min). Whether nemoprotective effects will be found following 

longer delays between reperfusion and initiation of compound administration is under investigation. Likewise, 

ongoing studies are exploring the utility of NPC 17742 in other models of stroke and physical trauma to the CNS. 

Similar to other competitive NMDA antagonists. NPC 17742 appears to have a wide safety index in 

rodents. Indeed, when considered as a class, the competitive NMDA antagonists are remarkable among 

psychoactive compounds and appear to approach the benzodiazepines with respect to the ratio of doses producing 

pharmacological responses and morbidity. For example. m mice, preliminary evidence suggests the acute LDsn 

for NPC 17742 is > I g/kg following IP administration and is substantially higher following oral administration. 

Similar results were obtained with NPC 12626 following oral, IP or intravenous delivery where doses as high as 

2 - 3 g/kg were nonlethal. 

Whether NPC 17742 or other competitive NMDA antagonists will achieve therapeutic utility awaits the 

outcome of clinical trials. There is substantial concern that this class of compounds may elicit side effects of 

sufficient magnitude as to preclude their general use. In particular, the induction of phencyclidine-like 

psychotomimetic responses remains a concemlg as does the potential for NMDA antagonists to disrupt learning or 

memory, or both*o. As is the case. for any psychoactive agent, the potential abuse liability of competitive NMDA 

antagonists also needs to be investigated. The possibility that tolerance to the desired effects may develop upon 

chronic administration is also a concern although experience suggests this appears infrequently with receptor 

antagonists. Any of these outcomes could preclude the use of competitive NMDA antagonists in conditions 

requiring prolonged treatment. 

On the other hand, the broad spectrum of potential therapeutic activities associated with NMDA receptor 

blockade warrants the continued development of such agents. Even if competitive antagonist are associated with 

side effects which prevent chronic use, they may prove valuable in clinical settings (e.g., stroke, trauma, status 

epilepticus) where short term administration of medications is the rule. Finally, as structurally diverse NMDA 

antagonists become increasingly available, and as mom information is gathered on the molecular characteristics of 

NMDA receptors, it seems likely that subtle distinctions will emerge for individual compounds. For example, 

NPC 17742 but not CGP 37849z1, prevents pentylenetetrazol-induced convulsions. From a synthetic, 

pharmacological and clinical perspective. it is apparent that substantial work remains to be done in describmg the 

pharmacology of competitive NMDA receptor antagonists. 

In summary, NPC 17742 has been identified as the most active isomer of the mixture, NPC 12626. As 

expected, NPC 17742 shares the pharmacological properties of the parent compound but is substantially more 

potent. As such, NPC 17742 should provide a valuable additional tool to further define the role of NMDA 

receptors in both normal brain function and pathophysiological conditions affecting the CNS. 



Pharmacology of NPC 17742 37 

REFERENCES AND NOTES 

1. Glutamine, Glutamate and GABA in the Central Nervous System. Hertz, L.; Kvamme, E.; McGeer, 
E.G.; Schousbee, A.; Eds.; Alan Liss; NY 1983. 

2. Monaghan, D.T.; Bridges, R.J.; Cotman, C.W. -Rev. 1989,29,365. 

3. a) Keinanen, K.; Wisden, W.; Sommer, B.; Werner, P.; Herb, A.; Verdoorn, T.A.; Sakmann, B.; 
Seeburg, P.H. Science 1990,249, 556. 

b) Nakanishi, N.; Schneider, N.A.; Axel, R. Neuron 1990,_5, 569. 

c) Egebjerg, J.; Bettler, B.; Hermans-Borgmeyer, I.; Heinemann, S. m 1991,351,745. 

4. Curry, K.; Schwartz, R.; Collins, J. UK, 1983. 

5. Lehmann, J.; Schneider, J.; McPherson, S.; Murphy, D.E.; Bernard, P.; Tsai, C.; Bennett, D.A.; 
Pastore, G.; Steele, D.J.; Boehm, C.; Cheng, D.L.; Lehmann, J.M.; Williams, M.; Wood, P.L. L 

1987,240,737. Pharmacol, 

6. a) Lehmann, J.; Hutchison, A.J.; McPherson, S.E.; Mondadore, C.; Schmutz, M.; Sinton, C.M.; Tsai, 
C.; Murphy, D.E.; Steel, D.J.; Williams, M.; Cheney, D.L.; Wood, P.L. J. Pharmacol. EXD. lher, 
1988,246, 65. 

b) Grnstein, P.L.; Schaus, J.M.; Chambers, J.W.; Huser, D.L.; Leander, J.D.; Wong, D.T.; Paschal, 
J.W.; Jones, N.D.; Deeter, J.B. J. Med. Chem. 1989,32, 827. 

7. Fagg, G.E.; Olpe, H.-R.; Pozza, M.F.; Baud, J.; Steinmann, M.; Schmutz, M.; Portet, C.; Baumann, 
P.; Thedinga, K.; Bittiger, H.; Allgeier, H.; Heckendom, R.; Angst, C.; Brundish, D.; Dingwall, J.G. 
Br. 1990,99,791. 

8. Aebischer, B.; Frey, P.; Haeter, H.-P.; Herling, PI.; Mueller, W. Helvetica Chimica Acta 1989, 72, 
1043. 

9. Schoepp, D.D.; Chnstein, P.L.; Salhoff, C.R.; Leander, J.D. J. Neural. Trans.. 1991.85, 131. 

10. Ferkany, J.W.; Kyle, D.J.; Willetts, J.; Rzeszotarski, W.J.; Guzewska, M.E.; Ellenberger, S.R.; 
Jones, SM.; Sacaan, AI.; Snell, L.D.; Borosky, S.; Jones, B.E.; Johnson, K.M.; Balster, R.L.; 
Burchett, K.; Kawaski, K.; Hock, D.B.; Dingledine, R. J. Pharmacol. EXD. Ther, 1989,250, 100. 

11. Hamilton, G.S.; Huang, Z., Patch, R.J.; Narayanan, B.A.; Ferkany, J.W. BioMed. Chem. Letts., in 
press. 

12. a) Kaplita, P.V.; Ferkany, J.W. E r u.J. 1990,188, 175. Ph 

b) Monahan, J.B.; Biesterfieldt, J.P.; Hood, W.F.; Compton, R.P.; Cordi, D.D.; Vazquez, MI.; 
Lanthom, T.H.; Wood, P.L. Mol. Pharmacol, 1990, 37, 780. 

c) Hood, W.F.; Compton, R.P.; Monahan, J.B. L _&&Q&g& 1990,54, 1040. 

13. Verdoom, T.A.; Kleckner, N.W.; Dingledine, R. S-e 1989,238, 1114. 

14. Ferkany, J.W.; Borosky, S.A.; Clissold, D.B.; Pontecorvo, M.J. Eur. J. PharmacoG 1988,151, 151. 

15. Witkin, J.;Tortella, F.C. Life Sci. 1991,48, 151. 



38 J. W. FERKANY et al. 

16. Willetts, J; Morse, W.H.; L. Parritz, D. Excitatory Amino Acids, Simon, R.P. Ed., Thieme Med. 
Pub., Inc., New York, NY, 1992, 203-209. 

17. 

18. a) 

Willetts, J.; Bobelis, D.J.; Balster, R.L. Psychopharmacology 1989, 99, 458. 

Bobelis, D.J. Masters Thesis to Med. Coll. Virginia, Virginia Commonwealth University, Richmond, 
Virginia, 1992. 

b) 

c) 

19. 

20. a) 

b) 

21. 

Bobelis, D.J.; Balster, R.L. Sot. Neurosci. Abs, 1991, 17. 587. 

Bobelis, D.J.; Balster, R.L. J. Pharmacol. Exp. Ther. in press. 

Willetts, J.; Balster, R.L.; Leander, J.P. Trends Pharmacol. Sci., 1990 II, 423. 

Morris, R.G.M.; Anderson, E.; Lynch, G.S.; Baudry, M. m 1986,319 774. 

Pontecorvo, M.J.; Clissold, D.B.; White, M.F.; Ferkany, J.W. Behav. Neurosci, 1991,105, 521. 

Scbmutz, M.; Porte& Ch.; Jeker, A.; Klebs, K.; Vassout, A.; Allgeier, H.; Heckendom, R.; Fagg, 
C.E.; Olpe, H.-R.; van Riezen, H. Naunyn-Schmiedeberg’s Arch. Pharmacol. 1990,342, 61. 

22. The authors wish to extend their thanks to L. Walker for excellent assistance in preparing this manuscript. 


