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The ionization constants of morphine, dihydrohydroxycodeinone, pethidine, trimeperidine, 
methadone, levorphanol, dextromoramide, and estoein were determined by potentiometric 
microtitration. The drugs studied have ionization constants (pKa) of between 5.7 and 9.0. 
Calculations of the degree of ionization show that at physiological pH values all the analge- 
sics tested exist in two forms-  the uncharged base and the cation-in assayable quantities. 
A direct relationship was found between the analgesic activity and the ionization of the com- 
pounds. 

Previous work has shown that the charac te r i s t i c  physicochemical  proper t ies  of anaesthet ics  play an 
important  role in their  mechanism of act ion [3, 4]. It was decided to examine whether other types of neu- 
ro t ropie  activi ty are  also linked with cer ta in  physicochemieal  proper t ies  of the compounds. 

Many therapeutic  substances  are  known to be ionized within the range of physiological pH values. 
This is an interest ing fact, because in all groups of substances which have been tested (chotinolyties, local 
anaesthet ics ,  etc.) the behavior  of the ton differs f rom that of the unionized molecule of the substance [5, 
6, 8, 11]. It has been shown for a ser ies  of pethidine analogues that ionization is an essent ia l  condition for 
manifestat ion of the analgesic  activity of the compound [7]~ 

The object of this investigation was to study the relat ionship between the bastc i ty  and the pha rmaco -  
logical act ivi ty of nareotie analges ics  belonging to different chemical  groups.  The analgesics  chosen for 
study were morphine,  dihydrohydroxycodeinone (DI-IHC), pethidine, t r imeper id ine ,  methadone, levorphanol,  
dext romoramide ,  and estocin.  

TABLE 1. 
Analgesic Activity (M • m) 

Analgesic 

Methadone 
C21He 7NO- HCI 
Pethidine 
C~H2tNO~. HCl 
Estocin 
C~0H=sNOs. HC1 
MorDhine 
Ci~H~gNOa.HCI 

Ionization Constants of Narcotic Analgesics and Their 

t"l >tao 

(at 22 ~ "~ 

9,08-----0,05 [ 7,5 

8,31-+-0,04 30 

8,20-----0,05 28 

8,(17• l 7 

Analgesic 

Trimeperidine 
C1 ~H2 ~NO~. HCI 
DHHC' 
CtsH ~lNO 4" HCI 
Levorphanol 
C~ 7H~NO. C~H60 e 
Dextromo~amide 
C~HasN20~-C~H~O~ 

pKa 
(at 22 ~) 

8,02-----0,04 

7,8i+0,03 

5,84+0,01 

5,70--+0,02 

9 

3,2 

2,5 

! ,25 
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EXPERIMENTAL METHOD 

The analgesic activity of the compounds was estimated by Haffner's method [9]. Ionization constants 
were determined by potentiometric microtitration [i]. A type LPU-01 electronic potentiemeter was used 

to measure pH. The solution of the analgesic (0.005 M) was treated successively with the volume of a ti- 
trated solution of alkali (0~ M NaOH) which corresponded to 25, 50, and 75% neutralization. After each 
addition the solution was thoroughly mixed and the pH measured. From the pH values obtained at the three 
different levels of neutralization the arithmetic mean was taken. The ionization constants were calculated 
by the equation 

pKa = pH q- lg [HA l -- lg [A-]. [1] 

Five experiments  were ca r r i ed  out with each substance and the mean values of pKa and their  s tandard 
e r r o r s  were calculated f rom the resu l t s  [2]. The cor re la t ion  between the ionization constants of the sub-  
s tances and their  analgesic  activity was est imated by calculating the rank corre la t ion  coefficient [10]. 

E X P E R I M E N T A L  R E S U L T S  

On the basis  of their  pKa values (Table 1) the compounds studied can be placed in the following 
groups:  pethidine and estocin (8.31, 8.20); morphine,  t r imeper id ine ,  and DHHC (8.07, 8.02, 7.81); levor-  
phanol and dext romoramide  (5.84, 5.70). It is in teres t ing to note that low values of pKa were found for the 
highly active analgesics  levorphanol and dext romoramide .  As Table 1 shows, the o rder  of a r r angement  of 
the compounds based on their  pKa value and their  effective analgesic dose is general ly the same.  Metha- 
done, with pKa = 9.08, was an exception. Comparison of the analgesic  activity of the compounds with their  
ability to ionize revealed  a coefficient of corre la t ion  of 0.762 • 0.158. Consequently, corre la t ion  between 
analgesic act ivi ty and ionization of the compounds is c lose.  

These resul ts  indicate that the pKa values of the analgesics  studied, which have a wide clinical a p -  
plication, lie between 5.70 and 9.08. This pKa range is the reason  why molecules  of the analgesics  exist  at 
physiological  pH values in two f o r m s - - t h e  uncharged base and the cationic f o r m - i n  assayable  amounts.  

This s ta tement  can be i l lustrated by calculating the concentrat ion of the ionized and nonionized forms 
of an analgesic  at different pH values.  The following equation was used for the calculation: 

100 
Degree of ionization of analgesic (in %)= 1 + antilog (pH-- pKa) �9 

It will be c lear  f rom Table 2 that most  molecules of the analgesics are in the cationic form at pH 4.0, 
5.0, 6.0, 7.0, and 7.35. Meanwhile the highly active analgesics  levorphanol and dext romoramide  have 60- 
98% of their  molecules  in the form of the nonionized base at pH 6.0, 7.0, and 7.35. 

These resu l t s  suggest  that both the cationic and the nonionized form of the molecule part icipate in 
the penetrat ion of the analgesic  to the r ecep to r  and in the interaction between them. 
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