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Exper iments  on mice and rabbits  showed that of the der iva t ives  of the l inear  fo rm of suc- 
cinic semialdehyde only those compounds with a f r ee  aldehyde group in the i r  s t ruc tu re  pos-  
sess  neuro t ropic  activity.  Activity of the cycl ic  der iva t ives  is evidently connected with hy- 
dro lys i s ,  leading to the format ion  of succinic semialdehyde.  

Succinic semialdehyde is known to be linked metabol ical ly  with aminobutyric  acid, the conjec tura l  
media tor  of inhibition in the bra in  [7, 9-12]. The w r i t e r s  have shown previously  [2, 13] that succinic semi-  
aldehyde pos se s se s  marked  neurot ropic  activity. 

It is t he re fo re  in teres t ing  to investigate the neurotropic  p roper t i e s  of a se r i e s  of der iva t ives  of suc- 
cinic semialdehyde on a wider  scale .  

E X P E R I M E N T A L  M E T H O D  

Der iva t ives  of the l inear  fo rm of succinic semialdehyde - a ldehyde-es te r  IIa, a ldehyde-amides  IIIa 
and IVa, the acetals  Va and the amidals Via, Schfff bases  VIIa and VIIIa, a ce t a l - e s t e r s  IXa, ace ta l -amides  
Xa and XIa, as well  as the 7-subs t i tu ted  lactones (XIIb-XVb) which are  der ivat ives  of the cycl ic  fo rm of 
the semialdehyde Ib (Table 1 ) - h a v e  been synthesized [3, 5, 6]. 

The most  demonst ra t ive  fea tures  of the neurot ropic  activity of suecinic semialdehyde are :  a de- 
c r e a s e  in the motor  activity of musc les  with a cha rac t e r i s t i c  "splayed-out"  posture and with marked  hy- 
potonia of the hind-l imb muscles ;  prolongation of the narcot ic  effect  of barb i tura tes ,  and an increase  in 
the life span of mice exposed to hypoxia [2, 13]. All 16 synthesized der iva t ives  of succinic semialdehyde 
were  investigated by these tes t s .  The prolonging action was tes ted  with thiopental sodium, which was in- 
jec ted into male albino mice weighing 18-24 g intravenously in a dose of 30 mg/kg 15 min af ter  the sub- 
s tances  to be tes ted .  To study the antihypoxic p rope r t i e s  of the compounds, mice were  placed in chambers  
with a reduced (to 8 vols .% oxygen concentra t ion [1]. Some of the compounds were  also studied by the tes t  
of convers ion  of a subthreshold dose of thiopental sodium (12 mg/kg) into an effective dose, by the i r  hypo- 
the rmic  effect ,  by inhibition of the investigative reac t ion  [8], and by the i r  effect  on the EEG (chronic ex- 
pe r imen t s  on rabbits  with implanted cor t i ca l  e lec t rodes) .  These compounds were  injected in t raper i ton-  
eal ly  in the exper iments  on mice and intravenously in those on rabbi ts ,  as 1-10% solutions.  

EXPERIMENTAL RESULTS AND DISCUSSION 

Of the der iva t ives  of the l inear  fo rm of succinic semialdehyde studied, evidence of neurotropic  ac-  
t ivity was d i scovered  in the a ldehyde-es t e r s  and a ldehyde-amides  IIa, IIIa, and IVa. These compounds led 
to a marked  dec rease  of motor  activity mad to muscular  hypotonia: they increased  the durat ion of the 
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TABLE 1. Compounds Studied and The i r  P r o p e r t i e s  

]Genl,'~otentiation Antihypoxic 
No. Compounds ~etion ] effect 

Ia,b 

lla 

IIIa 

IVa 

Va 

Via 

VIIa 

VllIa 

IXa 

Xa 

XIa 

XIIb 

XIIlb 

XIVb 

"iVb 

XVlb 

HO-~O ~ O =GHOHT_OHIGOOH 

O =GHGHIOH2OOOG2H ~ 

0 =GHOHICHIGON ~ 

O =GHOH-LGHIG ~ 

(CzH~0)tCHGHzCHzGOOH 

(CH~OO~)zOHOH~OH~O00HCNa) 

HOOO~N=GHGHT.OHT.G OOH (Ha) 

HINOI 8 ~ N =  GHGHzOH? COOH(Na) 

(o~H~ OhCHC~CH~COOC~H~ 
/---k 

(GH30) t OHCHIGH'LC ONx__/O 

(OH,)O) ICHGHICH~OON- ~ 

GH)O - ~  0 

O~H~0~o O 

CH~COO-~O 

HO-~= 0 
.Iq 

I GHzCeH ~ 

§ 

§ 

-[- 

§ 

§ 

+ 

§ 

+ 

§ 

§ 

§ 

§ 

+ 

+ 

§ 

+ 

+ 

+ 

§ 

§ 

+ 

+ 

narco t ic  effect  of thiopental  sodium and slightly inc reased  the per iod of surv iva l  of mice  exposed to hypox- 
ic hypoxia.  However ,  these  ef fec ts  we re  weake r  than those of succinic semialdehyde i tself .  The doses  in 
which these  compounds were  effect ive in mos t  t e s t s  ranged f r o m  150 to 300 mg/kg,  whe rea s  LDs0 for  corn- 
pounds I Ia - IVa  var ied  f r o m  800 to 1500 mg/kg,  while for  Ia and Ib, LDs0 was  1900 mg/kg.  

The other  de r iva t ives  of the l inear  f o r m  of succinic semialdehyde showed no evidence of neurot ropic  
act ivi ty in the t e s t s  used. 

Neurot ropic  act ivi ty was  c l ea r ly  exhibited by the de r iva t ives  of the cyclic  f o r m  of succinic semia l -  
dehyde tes ted  (XIIb, XIIlb, XIVb). They reduced moto r  act ivi ty,  and in the case  of 7 -methoxybutyro lac tone  
XIIb and 7-e thoxybutyro lac tone  XIIIb these  p r o p e r t i e s  began to be exhibited with doses  of 150-200 mg/kg,  
whe reas  with 7 -ace toxybu tyro lac tone  XIVb the threshold  dose was 300 mg/kg.  All th ree  compounds studied 
inc reased  the durat ion of the narcot ic  effect  of thiopental  sodium. The durat ion of a n e s t h e s i a w a s  inc reased  
by 3 t i m e s  over  the control  l eve l  by compound XIIb in a dose of 125 mg/kg, XIIIb in a dose of 100 mg/kg, 
and XIVb in a dose of 300 mg/kg.  Convers ion  of the subthreshold dose of thiopental  sodium (12 mg/kg) into 
effect ive was  obtained with compounds XIIb and XIIIb in doses  of 100 and 150 mg/kg,  respec t ive ly ,  and XIVb 
in a dose of 300 mg/kg.  These  compounds (XIIb and XIIIb in doses  of 200-300 mg/kg and XIVb in a dose of 
350-400 mg/kg) inc reased  the surv iva l  of the an imals  when exposed to hypoxia up to 50-60 rain comp a red  
with 20 rain in the contro l .  All th ree  compounds had the p rope r ty  of depress ing  the invest igat ive react ion.  
Compound XIIIb showed the g r e a t e s t  act ivi ty  in th is  r e spec t :  i ts  50% effect ive dose (ED~0) by this t es t  was  
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Fig. 1. Effect  of succinic semialdehyde de r iva t ives  on the 
rabbi t  EEG. F r o m  top to bot tom:  EEG of lef t  somatosen-  
sory ,  left  visual ,  and r ight  s o m a t o s e n s o r y  a r e a s  of the c o r -  
tex.  Numbers  denote t ime  (in mill) a f te r  injection of com-  
pounds.  Expe r imen t s  on rabb i t s  with pe rmanen t ly  implanted 
e l ec t rodes .  

100 mg/kg,  compa red  with 200 mg/kg for  XIIb and 350 m ~ k g  for  XIVb. By its  hypothermic  effect,  com-  
pound XIIIb also was the mos t  act ive:  s ta r t ing  with a dose of 100 mg/kg it reduced the r ec t a l  t e m p e r a t u r e  
by 3-4~ LDs0 of these  compounds var ied  f r o m  1.2 to 1.9 g/kg. 

By the s p e c t r u m  of the i r  pha rmaco log ica l  act ivi ty these  compounds were  s i m i l a r  to succinic  s emi -  
aldehyde [2], although the i r  therapeut ic  index was  somewhat  n a r r o w e r  for  most  effects .  

The 7 - subs t i tu t ed  lactone XVb was  s i m i l a r  in the c h a r a c t e r  of its action to lac tones  XIIb-XIVb, a l -  
though r a t h e r  weake r  than them in its effect;  i ts  action, m o r e o v e r ,  was  evidently not due to the p r e s e n c e  
of a ure thane  group in the s t ruc tu re ,  for  the compound showed a pro tec t ive  antihypoxic action which was 
not found in control  expe r imen t s  with ure thane.  

No evidence of neuro t rop ic  act ivi ty was found by means  of these  t e s t s  in the case  of the ~/-hydroxy- 
pyrrol id inone X I V b -  the cycl ic  fo rm of the amide of suceinic semialdehyde.  

These r e su l t s  show that  of the l inear  de r iva t ives  of suceinic semia ldehyde  only those compounds 
with a f r ee  aldehyde group in the i r  s t ruc tu re  (I-IVa) exhibit neuro t ropic  act ivi ty.  For  instance,  a ldehyde-  
amide IIIa  evoked definite synchronizat ion  of the EEG, which c o r r e s p o n d s  to its depr iming  action and to 
other  t e s t s .  By con t ras t ,  the co r respond ing  ace t a l - amide  XIa (a compound with a hidden aldehyde group) 
had no synchroniz ing act ion (Fig.  1). These  invest igat ions  showed that  the p r e sence  of subst i tuents  on f.he 
carboxyl  group has  no significm~t effect  on the neuro t rop ic  act ivi ty of the compounds.  

The need for  a f r ee  aldehyde group to mainta in  the neurot ropic  act ivi ty  of succinic semialdehyde and 
its  de r iva t ives  can be explained by the role  of this group in the m e t a b o l i s m  of endogenous succinie s e m i -  

943 



aldehyde. In fact, all three reversible conversions characteristic of succinic semialdehyde (its transamin- 
ation with glutamic acid, leading to the formation of 7-aminobutyrie and a-ketoglutaric acids; its oxida- 
tion leading to the formation of succinic acid; and, possibly, its reduction, leading to the formation of 7-hy- 
droxybutyric acid) are connected with corresponding conversions in the aldehyde group itself. 

The reason why derivatives of the cyclic form (XIIb-XVb) of succinic semialdehyde possess neuro- 
tropic activity is evidently because conversion into the linear form, characteristic of these compounds and 
the chemical experimental conditions, can perhaps take place also in vivo, possiblythrough the participa- 
tion of hydrolytic enzymes. This "opening" of the cyclic form of succinic semialdehyde is analogous to 
what takes place when exogenous 7-butyrolactone is converted in vivo into 7-hydroxybutyric acid. The ab- 
sence of effect of 7-hydroxypyrrolidinone XIVb is evidently explained by the fact that, unlike the 7-substi- 
tuted butyrolactones XIlb-XVb, the 7-substituted pyrrolidinones are much more resistant to solvolytic 
fractions and do not undergo hydrolysis even in the presence of hydrolytic enzymes. 
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