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Summary. 1. Nicotinic acid monoethylamide, nieotinamide, and nikethamide- 
N-oxide have been identified, by cocrystallization with authentic carriers, as major 
products of the biotransformation of tritiated nikethamide in the rat. Nicotinic 
acid appears to be a minor metabolite of the analeptic in this species. 

2. Both N-desalkylation and N-oxidation of nikethamide are enhanced in rats 
given 200 mg/kg of alpha-hexaehlorocyclohexane once i.p. The beta- and gamma- 
isomers of hexachloroeyclohexane, when tested for their effect on the capacity of rat  
liver to desethylate the analeptic in vitro, have been found to be as effective as 
the alpha-isomer. 

3. A convulsive dose of nikethamide given i.p. is shown to become ineffective in 
rats pretreated with alpha-hexachloroeyclohexane primarily as a consequence of 
accelerated biotransformation of the analeptic. 

4. Rats can be made tolerant of nikethamide by daily injection of a convulsive 
dose of the drug for four to five days. Such animals metabolize aH-nikethamide 
faster than non-tolerant controls. 

Key words: Nikethamide Biotransformation --  Nikethamide Tolerance --  
Enhanced Drug Detoxication --  Hexachlorocyclohexane. 

Introduction 

EUinger and  Coulson (1944), Coulson and  S tewar t  (1946) and  El l inger  
and  Abde l  K a d e r  (1948) found  in m a n  and  in an imals  t h a t  t he  u r i n a r y  
excre t ion  of  a compound  t h e y  considered to  be N l - m e t h y l n i e o t i n a m i d e  
rose following the  admin i s t r a t i on  of  n ike thamide .  They  in t e rp re t ed  the i r  
f inding to  mean  t h a t  n ike thamide  is conver t ed  in  the  b o d y  to  nicot in-  
amide  p a r t  of  which is subsequen t ly  N l - m e t h y l a t e d .  More recent ly ,  
Chambon  a n d  Chambon-lVfougenot (1969) r epor t ed  on the  in  vivo-  
fo rma t ion  of  n ike thamide -N-ox ide  in  the  guinea-pig.  We h a v e i n v e s t i g a t e d  
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the biotransformation of  this drug in the ra t  because it  was of  interest to  
know to wha t  extent,  if  any,  it m a y  be enhanced in this species by  pre- 
t r ea tment  with isomers of  hexachloroeyelohexane (HCH). 

Ra t s  develop tolerance towards  the convulsive act ion of  nikethamide 
after they  have been given a single dose of  an isomer of  H C H  (Herken 
et al., 1952a). Tolerance also develops in such animals towards  pen- 
tetrazol (Coper et al., 1951; t t e rken  et al., 1952a), and there is evidence 
(Herken et al., 1952b ; Kewitz and Reinert,  1952 ; Vohland and Koransky,  
1972) t h a t  HCH-isomers ac t  on the ra t ' s  brain, reducing its sensitivity 
for excitat ion by  this drug or by  electric current.  

t ICH-isomers,  however,  also ac t  on the liver, increasing the act ivi ty  
of drug-degrading enzymes (Ghaza] et al., 1964; Koransky  et al., 1969), 
an  act ion known to contr ibute to the capaci ty  of  a compound to  produce 
drug tolerance. Si~.ee the  convulsive effect of  nikethamide is most  readily 
seen in the  rat  when the drug is injected s.c. or i.p., and since the develop- 
ment  of  n ikethamide tolerance in HCI t - t r ea ted  rats was established with 
this route  of administrat ion,  i.e. with t ime being allowed for an hepatic 
act ion of  H C H  to  ,come into play, it was of  some interest to  see whether  
or no t  this was, indeed, the case. 

Methods 

Substances, Animals,  and General Analytical Procedures 

Nikethamide (p~Sdiue-3-earbonic acid-N2,N~-diethylamide; Coramin | was a 
gift from CIBA AG, Basel, and fmmd to be chromatographically (TLC, systems 1 
and 2, v.i.) pure. Tr#iated nikethamide was prepared according to the procedure of 
Eidinoff 1, with a specific activity of 110 ~zCi/~zmole; radiochemical purity was 
assessed by TLC (system 1, v.i.). 

Nicotini~ acid mo~oethylamide (pyridine-3-carbonic acid-N2-ethylamide ) was 
synthesized in the Dept. of Organic Chemistry, Freie Universit~t Berlin, and purified 
chromatographically (TLC, systems 1 and 2, v.i.); m.p. 53--54~ (C.A. 86, 6541 s, 
1942: 57~ 

Nicotinamide and nicotinic acid were purchased from merck AG, Darmstadt. 
Ni~ethamlde-N-oxide was synthesized following the method described by Clemo 

and K5nig (1949) for the preparation of the N-oxide of nicotinic acid; m.p. 45~ 
(found: C 62.10, H 7.1'24, X 14.21, 0 16.46; calc.: C 61.84, H 7.22, N 14.44, 0 16.50). 

The isomers alpha, beta and gamma of 1,2,3,4,5,6-hexachlorocyclohexane (HCH) 
were obtained, gaschromatographically pure, through C.H. Boehringer Sohn, 
Ingelheim. 

Female white rats, weighing 150--200 g and maintained on "Altromin R" 
pellets and tap water, were used. They were given drugs by tip. injection. HCIt was 
dissolved in rape seed oil, the alpha- and gamma-isomers as 2~ the beta-isomer as 
t %  solutions. Nikethamide was administered as a 20/0 aqueous solution buffered 
with phosphate to pH 7.4. 

1 We gratefully acknowledge the help of Dr. P. E. Schulze of Schering AG, 
Berlin, who kindly provided us with tritiated nikethamide. 
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Absorption of light was registered using Beckman model DU, DB and DK I I  
spectrophotometers. 

Tritium content of samples of liquid was estimated using a "Tri-Carb" series 
2000 liquid scintillation spectrometer. 

Thin-layer chromatography (TLC) was done on silica gel GF254 (~erek, Darm- 
stadt). The following two solvent mixtures (vol/vol) were found suitable: System 1 = 
chloroform 90: ethanol 40; system 2 ~ benzene 70: methanol 20: acetone 5: glacial 
acetic acid 5. R~-values found with system 1 (system 2) were: nikethamide 0.77 
(0.54), nicotinic acid monoethylamide 0.65 (0.43), nikethamide-N-oxide 0.47 ( - - . - - ) ,  
nicotinamide 0.41 (0.28), nicotinic acid 0.09 (0.38). Distribution of tr i t ium on TLC 
plates was recorded using scanning and detection equipment of Berthold-Friesecke 
GmbH, Karlsruhe. Counting efficiency was estimated to be 0.1 ~ 

ExTeriments in vitro 

The 10000 •  supernatant of a liver homogenate prepared according to Rein- 
met (1959) was used as the enzyme source. For a routine assay of nikethamide 
degradation, 2 ml of enzyme preparation (equivalent of 400 mg of fresh liver) was 
added to 1.3 ml 0.066 M phosphate buffer pH 7.4 containing 30--35 ~moles niketh- 
amide (when tritium-labelled 2--4  ~Ci/~mole), 40 ~moles h~gSO~, 10 ~moles NADPPI, 
and 50 9moles semicarbazide. Incubation was for 90 min in 25 ml Erlenmeyer 
flasks immersed in water of 37 ~ C. 

For the isolation and estimation o] nicotinic acid monoethylamide, aliquots of 
incubate were freed of proteins by heating and subsequent centrifugation and then 
subjected to TLC in system 1. The compound was eluted from the silica with 0.1 N 
tIC1 and its concentration in the eluate estimated using the UV absorption at 262 nm 
(s ~ 6155 for d = 1 era). Prior to taking the readings, the eluates were spun at 
100000• for 30 rain to reduce the blank. Recovery was found to be 800/0 . 

Acetaldehyde, captured during incubation as the semiearbazone, was freed in an 
aliquot, after removal of proteins through precipitation with tungstic acid and trans- 
fer to Conway disks, by the addition of sulfuric aeid and was then allowed to diffuse 
in a solution of bisulfite. Aliquots of this were taken for quantitative estimation 
using the eolorimetric method of Stotz (1943). Recovery of acetaldehyde added as 
the semicarbazone to control incubates was 700/0 . 

Experiment8 in vivo 

Isolation o[ Metabolites o] Niketha~nide. aH-nikethamide (4.3--7.5 9Ci/~mole) 
was injected i.p., in a dose of 100 mg/kg, into rats which were then kept fasting for 
four hours in cages designed for urine and stools to be collected separately. The ani- 
mals were kiIIed by decapitation. Blood and various organs were weighed and homo- 
genized ("Ultra-Turrax", Janke & Kunkel, Staufen, W. Germany) in hot ethanol. 
The extraction was repeated once, the combined extracts evaporated to dryness, and 
the residues taken up in 3 ml of methanol. Aliquots of the solutions in methanol 
were subjected to TLC in system 2. Aliquots of urine were applied directly onto the 
plates. 

Determination ol the Concentration o] Nikethamide in Various Organs by Isotope 
Dilution Analysis. Groups of three or four rats were injected i.p. with 3H-niketh- 
amide (2.41 ~Ci/~mole). The doses administered were assessed by weighing the 
syringe: they will be given with the results. The rats were killed by decapitation, and 
the organs taken out from each group of animals for analysis were treated as a pool. 
They were weighed, put  into liquid air and, while frozen, were ground to a fine 
powder. The powders were allowed to thaw in icecold 1 N perehloric acid containing, 
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per organ pool, 2.57 mmole of non-labelled nikethamide. After thawing, the preci- 
pitate formed was splm down at 10000• and the acid solutions extracted twice 
with dichloromethane. They were then made alkaline and again extracted twice 
with dichloromethane which was dried with sodium sulfate and subsequently 
evaporated to dryness. The nikethamide contained in the residues was converted, 
by adding methyliodide, to its Nl-methyl derivative which was then recrys~allized, 
as the hydroiodide, from i-propanol to constant specific activity. The absorption at 
266 nm of solutions in 0.1 N HC1 was used as an estimate of mass (~ = 4080 for 
d = 1 cm). 

Identi/ication o] Metabolites 
Cocrystallization with authentic carriers was used to establish the identity of 

metabolites formed from tritiated nikethamide in vitro or in r ive  after isolating them 
by TLC as describe(~l above. A description follows of the different procedures 
employed. 

1Vicotinic Acid Monoethylamide. 315 mg of the authentic compound were added 
to eluates (0.1 N HC1) from a number ofTLC chromatograms. The eluates were made 
alkaline and extracte4 with dichloromethane. The residue left after evaporating the 
solvent was reacted with methyl iodide, and the Nl-methyl derivative thus obtained 
as the hydroiodide was recrystallized six times from i-propanol. Specific activity 
was determined after each crystallization, taking the absorption at 266 nm of 
aliquots dissolved in 0.1 ~ I-IC1 for an estimate of mass (s ~ 5090 for d : 1 era). 

Nilcethamide-N-Oxide. Since this compound (m.p. 45~ is strongly hydro- 
philie and can be made to crystallize only under vacuum, it was converted to 
nicotinic acid-N-oxide (m.p. 261 ~ C). Spots on chromatograms suspected from their 
R~-value to represent the compound were eluted with methanol, and 580 mg of 
authentic nikethamide-N-oxide were added to the combined eluates. After eva- 
poration of the alcohol, the residue was hydrolyzed for four hours in 10 N HC1 at 
130 ~ C. When the excess acid was blown off, the N-oxide of nicotinic acid, identified 
by m.p. and by R~ in TLC system 1, crystallized spontaneously. I t  was recrystallized 
from ethanol/water 2:1, with estimates of specific activity being made after each 
crystallization. Absorption at 260 ran was read of aliquots dissolved in 0.1 ~N HC1. 

The N-oxides of nicotinic acid monoethylamide and of nieotinamide, prepared 
using the C!emo-Koenig method, were found in TLC system 1 to have ~f-values of 
0.33 and of 0.14 respectively, i.e. to differ considerably from that  of nikethamide- 
N-oxide (0.47). This is additional evidence that  the derivative prepared for co- 
crystallization was, indeed, derived from nikethamide-N-oxide. 

Nicotinamide. 50 mg of authentic nicotinamide were added to methanolic 
eluates from TLC ehromatograms. Recrystallization was from benzene. Aliquots 
were dissolved in 0.1 N HC1 fro" readings to be taken of absorption at 261 nm. 

Results 

Isolation and Identi/ication o/Metabolites 

A search  was  m a d e  for  p r o d u c t s  o f  n i k e t h a m i d e  d e g r a d a t i o n  f o u n d  in  

t h e  l iv ing  a n i m a l  a n d  u n d e r  cond i t ions  in  v i t ro .  

I n  t h e  f irs t  t y p e  o f  e x p e r i m e n t ,  r a t s  were  i n j e c t e d  i .p.  w i t h  t r i t i a t e d  
d rug  a n d  t h e n  k e p t  for  fou r  hours  in  cages,  t he i r  u r ine  a n d  stools  be ing  

co l lec ted  sepa ra t e ly .  S a m p l e s  of  u r i ne  a n d  of  e th~nol ie  e x t r a c t s  f r o m  

va r ious  o rgans  were  s u b s e q u e n t l y  a n a l y z e d  b y  T L C  for  t he i r  c o n t e n t  of  
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Yig. 1. Degradation o/aH-nikethamide in vivo and in vitro. Comparison between the 
normal rat (controls = part A) and the rat given an i.p. in]ection o/ 200 mg/kg alpha- 
hexaehloroeydohexane five days previous (alpha-HCH = part B). Radiochromato- 
grams showing distribution of tritiated substance on silica gel after development in 
chloroform 90:ethanol 40. Peaks identified by Re (see clu'oma$ograms of authentic 
compounds at bottom) and other means (see text) are: (1) nikethamide; (2) nico- 
tinic acid monoethylamide; (3) nikcthamide-N-oxide; (4) nicetiaamide; (6) nicotinic 
acid. Peaks 5 and 7 were not identified. Liver in vivo. Aliquots of extracts in ethanol 
(equivalent of 2.1 g of fresh liver in A, of 1.4 g in B) obtained 4 h after i.p. injection 
of triated nikethamide (in A 62.5, in B 53.5 ~moles/100 g of body weight; specific 
activity 4 ~Ci/~xmole in A and B). Urine. Aliquots (1.5 of 5 ml in A, 1.5 of 10 ml in B) 
of the urine collected in four hours from the same animals. Liver in vitro. Deproteiniz- 
ed Miquots (0.3 of 3.3 ml) of the 10000 • g supernagant of liver homogenate (equi- 
valent of 400 mg of fresh liver) after 90 rain incubation with 31.5 tzmoles of triated 

nikethamide (2 ~Ci/~mole) in A and B (for further details see methods) 

t r i t i a t e d  b reakdown  products .  F o r  exper iments  in v i t ro ,  the  10000 •  
s u p e r n a t a n t  was p repa red  of  homogena tes  of  l iver.  This was i ncuba t ed  
wi th  3 g - n i k e t h a m i d e  in  the  presence of  N A D P H ,  and  a l iquots  of  incu- 
ba te  sub jec ted  to  TLC. E x a m p l e s  of  scans of  the  t r i t i um d i s t r ibu t ion  on 
eh roma tog rams  thus  ob ta ined  f rom normal  r a t s  are g iven in p a r t  A of  
Fig 1. 

I n  al l  three  scans,  the  large peak  neares t  to  the  f ront  of  the  chromato-  
g rams  (peak No. 1) is p roduced  b y  a compound  ident ica l  b y  Rf wi th  
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authentic nikethamide. Further proof of the identity was obtained from 
reehromatography on silica gel using solvent systems 1 and 2, and from 
the UV absorption curves in acid and in alkaline solution. 

Several additional peaks, numbered 2 through 7 with descending 
mobility, were recorded on chromatograms of urine samples or of organ 
extracts (see top two scans in Fig. 1), indicating fairly intensive break- 
down of nlkethatnide in the living rat. All peaks were found to correspond 
to spots of quenched background fluorescence when the plates were 
viewed under UV light. 

In contrast to the pattern seen in vivo, only one metabohte, corres- 
ponding to peak No. 2, appeared to be formed while nikethamide was in 
contact in vitro with the liver preparation used in this study (bottom 
scan in Fig. 1 A). 

By comparing the location of tritium peaks on these chromatograms 
with the mobility of reference compounds in the same solvent system, 
nicotinic acid monoethylamide (peak No. 2) and nikethamide-N-oxide 
(peak No. 3) conld be tentatively identified as products of nikethamide 
biotransformation. From experiments with alpha-HCH-treated rats 
(see part B of Fig. 1) the formation of nicotinamide (peak No. 4) and of 
nicotinic acid (peak No. 6) could also be inferred. Proof of the identity of 
these metabolites has been obtained by various means (v.i.). Peak No. 5, 
present on chromatograms of urine samples, and the tritiated substance(s) 
with R f = 0  (peak No. 7) seen on almost all ehromatograms have not been 
identified. 

Nicotinic Acid Monoethylamide. The compound eluted from the 
silica gel in the area of tritium peak No. 2 was recrystallized and found 
to have UV absorption spectrum and melting point identical with those 
of nicotinic acid monoethylamide. When the tritiated compound was 
diluted with authentic nicotinic acid monoethylamide and reacted with 
methyl iodide, the product formed retained its specific activity through 
several crystallizations from i-propanol (see Table 1). 

Nikethamide-N-Oxide. Peak No. 3 was obtained regularly with mate- 
rial from living animals, while in vitro formation of a like substance was 
seen only when preparations of liver from rats treated with alpha-HCH 
were used. 

The UV absorption curves given by eluates from this region (Fig.2) 
were found to be undistinguishable from those of nikethamide-N-oxide. 
Authentic nikethamide-N-oxide was then added to samples of the un- 
known for cocrys~allization to be carried out. The resnlt, given in Table 1, 
provided clear ew_idence that  nikethamide is subject to N-oxidation in the 
rat. 

Nicotinamide and Nicotinic Acid. The formation of these two com- 
pounds from nikethamide was suspected but found to be of minor impor- 
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Table 1. Co-crystallization with authentic carriers o/metaboIites o/ SH-nikethamide 
isolated/tom rat tissue (see section on methods ]or details o/29rocedure) 

Nicotinic acid Nikethamide-N-oxide Nicotin~mide 
monoethylamide 

Source Liver (in vivo) Liver (in vivo) Liver (invitro) a Liver (invivo) ~ 
Specific radio- nCi/Fmole cpm/E~0 X 10 -a cpm/E~60 X 10 -a cpm/E~sz X 10 -a 
activity after 
reerystallizations 

8.97 
9.03 
8.51 
8.45 
8.24 
8.70 

1.49 3.37 8.45 
3.58 
2.85 
2.25 

0.13 0.45 3.05 
(10th eryst.) (6th eryst.) 2.96 
0.13 0.44 2.92 
0.13 0.47 3.40 
0.13 0.33 3.86 
0.13 0.37 3.51 
0.14 0.42 

0.49 
0.49 
0.48 

a from alpha-l-ICH-treated rats. 

E 
0,7' 

- -0 .1N HC[ 
- - 0 . 1 N  NoOH 

/q 
/ \ 

0,5 / A t t  

l i / / 1  I Of= I~\ I t i 

0,1 ~ /  ~ _ _  

220 240 260 280 390 nm 

Fig.2. UV-absorption spectrum o/nikett~mide-N-oxide obtained from a solution in 
0.1 N HCt containing 10 ~xg/ml and a solution in 0.t N NaOI-I eontaining 8.2 ~g/ml 
of the compound, emax (d = i era): l0100 at 260 nm in 0A N tIC1, 11900 at  259 nm 

in 0.1 N NaOIt 
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tance in the normal rat. There was quenching of fluorescence, yet  no 
accumulation of tritium, in the regions corresponding by g f  to the loca- 
tion of nicotinamide and nicotinic acid, when chromatograms were 
examined of material obtained from normal rats. Since the extracts 
could be expected to contain endogenous nicotinamide and nicotinic 
acid, this was not surprising. When, however, eluates of these regions 
from a number of chromatograms were combined and rechromatographed 
in solvent system 2, tr i t ium content could clearly be demonstrated for 
either compound. As to identity, additional evidence was obtained from 
the UV absorption spectra. 

Compared to normal animals, rats treated with alpha-HCH formed 
considerably more radioactive substance from stI-nikethamide tha t  
resembled nicotimamide in its mobility in TLC system 1. This made it 
possible to cocrystallize the isolated product with authentic carrier and 
to obtain estims~tes of specific activity. The result of this analysis is 
given in Table 1 and considered proof of the formation of nicotinamide 
from nikethamide in the rat. 

Formation in vitro o/Acetaldehyde. The formation from nikethamide 
of its monoethyl derivative was found in vitro to be analogous to known 
N-desalkylation reactions catalyzed by hepatic enzymes in that  it was 
accompanied by  the production of acetaldehyde (see Table 2). INTer 
production of acetaldehyde from added nikethamide was not detected 
when I~ADPH or magnesium was omitted, or when liver preparations 
from rats injected 30 rain before killing with 75 mg/kg of CFT 12012 i.p. 
were used. CFT 1201 has been shown by Neubcrt  and Herken (1955) to 
be a potent  inhibitor of microsomal oxidative enzymes, similar to SKF 
525-A. 

The amount  of acetaldehyde produced from nikethamide corresponded 
well to the quanti ty of monoethyl derivative formed by the in vitro 
preparations (see Table 2). This was consistent with the finding in vivo 
(Fig. 1A; see also Table 3) that  further dealkylation to nicotinamide was 
negligible while considerable amounts of nicotinic acid monoethylamide 
appeared to accumulate in all organs examined. 

When, in a few experiments (see Table 2), acetaldehyde production 
in vitro from nicotinic acid ethylamide was tested, this was found to be, 
indeed, less than tha t  from nikethamide. 

Nikethamide Biodegradation 
in Hexachlorocyclohexane-Pretreated Rats 

The two sets of chromatograms in Fig. 1 give an impression of the 
extent to which SH-nikethamide degradation is enhanced in rats pre- 

2 Phenyldiallyl~cetic acid ester of diethylaminoethanol as the hydrochloride 
(Chemische Fabrik Tempelhof, Berlin). 

11 Naunyn-Schmiedeberg's Arch. Pharmacol., Vol. 274 
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Table 2. Desalkylation by rat liver in vitro o/nikethamide and o/its monoethyl derivative. 
E/]ect o/pretreatment with hexachlorocyelohexane. (For conditions o/assay see section 
on methods). Figures are corrected/or recovery and represent #moles o/product/ormed 

• S.E. o/mean 

Controls Hexachlorocyclohexane i.p. 5 days prior 
to assay 

alpha-isomer beta-isomer gamma- 
200 mg/kg 200 mg/kg isomer 

60 mg/kg 

A. Nikethamide 
(31--35 ~moles) n = 8 n = 3 

1. Net production of 
acetaldehyde 0.72 ~: 0.40 2.06 • 0.13 

2. Monoethyl derivative 
formed 0.80 • 0.29 2.12 i 0.22 

]3. Nicotinic acid mono- 
ethylamide (30 ~moles) n = 2 n ~ 3 

1. Net production of 
acetaldehyde 0.33 ~= 0.10 0.70 4- 0.21 

n = 3  n = 3  

2.35 ~_ 0.38 1.99:1:0.55 

2.49 • 0.26 1.82 ~: 0.26 

t reated with a single dose of  a lpha-HCH. In  the following two sections 
some quant i ta t ive  data,  obtained in vitro and in vivo, will be reported. 

HCH-E/Ject  in  vitro. The effect of I t C H  on the capaci ty  of liver to 
desethylate nikethamide in vitro was tested for the alloha-, beta-, and 
gamma-isomers.  Both  product ion of  acetaldehyde and format ion of 
nicotinic acid monoethylamide  were determined. Wi th  all three isomers, 
the enzymic act ivi ty  of  the preparat ions towards nikethamide was found 
to have been altered such tha t  the amount  of desalkylation produets  
formed during 90 min incubat ion was about  three times above normal  
(see Table 2). 

Wi th  nicotinic acid monoethylamide as the substrate,  acetaldehyde 
product ion tested on preparat ions from a lpha- t ICH-t rea ted  rats was also 
above normal,  though less so than  with the parent  compound.  This again, 
however, accords with what  is seen in vivo, i.e. with the greater amount  
of 3It-nicotinamide formed in a lpha-HCtI - t rea ted  animals as compared to 
controls (Fig. 1 ; see also Table 3). 

Apar t  f rom enhanced desalkylation, a second effect of  H C H  lore - 
t rea tment  detected in vitro (see Fig. 1) is the formation of the N-oxide 
which is not  seen with control preparations.  I n  view of the fact  tha t  in 
the living animal N-oxidat ion of nikethamide is seen to occur wi thout  
al loha-tICH-pretreatment  , this effect is to be considered also as repre- 
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Table 3. Content ~] aH-nikethamide and o/ its metabolites in rat organs /our hours 
alter i.p. injection o/the drug. Data are/rein two rats. One o/these was pretreated live 
days previous with 200 rag~Jog o/ alpha-hexachlorocyclohexane i.p. (HCH), the other 
served as control (Co). _Figures are based on planimetric evaluation o/radiochromato- 
grams /rein organ extracts and represent cm ~ peak area~gram o/ organ wet weight 

Nikethamide Nicotinic Niketh- Nicotin- Unidentified 
acid mono- amide-N- amide substance(s) 
ethylamide oxide with Rf = 0 

(peak 1) (peak 2) (peak 3) (peak 4) (peak 7) 

Co HCH Co HCH 
Brain 0.7 0 0.3 0.6 
Whole blood 3.8 0.7 1.3 1.3 
Liver 6.0 0.1 1.6 0.3 
Kidneys 3.0 0 1.3 0.4 

Co HCH Co HCH Co HCH 
0 0.2 0 0.2 0 0 
0 0.5 0 1.8 0 0.3 
0.7 0.2 0 1.5 0 0.8 
0.2 1.9 0 1.9 0 2.0 

sent ing a quan t i t a t ive ,  r a the r  t han  qual i ta t ive ,  change in  the  proper t ies  of 
the  enzyme prepara t ion .  

H C H - E l l e e t  in  rive.  An animal  t r e t a t e d  wi th  a l p h a - H C H  and  a 
control  an imal  were each given an  i.p. in jec t ion  of ~ t t -n ike thamide  
(100 mg/kg  : 2 ~,Ci/~mole) and  ki l led four hours later .  The ur ine collected 
f rom the  centre/, an imal  was found to conta in  6 ~ of the  in jec ted  t r i t ium,  
while  the  t I C H - t r e a t e d  r a t  had  excreted,  in the  same span of t ime,  33~ 
of  the  t r i t i um dose adminis te red .  Al though  the  p r e t r e a t e d  an imal  also 
p roduced  more  ur ine  (see legend to Fig.  1), the  grea ter  a m o u n t  of  t r i t i um 
in the  ur ine of this  an imal  was cer ta in  to be due p r imar i ly  to  acce lera ted  
b io t r ans fo rma t ion  of n ike thamide  since, in  con t ras t  to the  control,  most  
of  the  t r i t i um e l imina ted  b y  the  H C H - t r e a t e d  r a t  was in the  form of 
me tabo l i t e s  (see ch romatograms  of  urine in Fig.  1). 

A similar  p a t t e r n  was found  when ex t rac t s  from var ious  organs of  the  
two an imals  were examined  b y  TLC. Peak  area  on scans for t r i t i um 
d i s t r ibu t ion  was used to  ob ta in  es t imates  of drug  conten t  and  conten t  of  
metabol i t es .  I n  Table  3 resul ts  are given for four  represen ta t ive  organs. 

I t  is to be pointed out that, in Table 3, equal figures for the parent drug and 
any one of the metabolites, except possibly for the N-oxide, should not be regarded 
as indieative of equal amounts because no allowance is made for differences in 
specific activity; these are almost certain to have been of some degree as the parent 
drug was uniformly tritiated. This does, however, not invalidate the figures as 
evidence for considerable acceleration of nikethamide degradation in a rat that has 
been treated with alpha-HCH. 

Nike thamide  Degradation in  the N ike thamide-To leran t  Ra t  

Brazda  and  Baueum (1960) have  shown n ike thamide  to  be a s t imu- 
l an t  of hepa t ic  drug  degrada t ion .  W e  (Koransky  et al., 1964) have  con- 

11" 
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firmed this, using a schedule of daily i.p. injections of 200 mg/kg of the 
ana]eptie. During these experiments, we found the rats to become almost 
entirely tolerant of the excitant, let alone convulsive, effect of this large 
dose within four to five days. In  this section, we wish to report briefly 
on the result of an experiment in which nikethamide degradation was 
studied in a rat made tolerant of the drug by injecting it i.p. with 200mg/kg 
daily for five days. 24 h after the last dose of "cold" drug the animal was 
given an i.p. injeetion of 8H-nikethamide. 30 ~ of the tritium administered 
was excreted with the urine in four hours and found to be predominantly 
in the form of breakdown products. Examination of organ extracts four 
hours after injection of tritiated drug revealed a ratio drug content to 
content of metabolites quantitatively similar to the one reported above 
for the alpha-HCH-treated rat. These findings confirmed our suspicion 
that  the rat becomes tolerant of high doses of nikethamide because the 
drug is capable of accelerating its own metabolic breakdown in this 
species, presumably by its known action on hepatic enzymes. 

Ni~ethamide Concentration in the Brain o/Normal 
and o/Alpha-HCH-Treated Rats 

For a definite judgement to be made on the role played by enhanced 
metabolic transformation in nikethamide tolerance produced by HCH, 
the experiments reported above needed to be complemented by more 
direct evidence since, as has already been stated, HCH may also have a 
direct action on the brain. This evidence was sought to be obtained in 
experiments in which the concentration of nikethamide was determined 
in brains of rats strongly excited and/or falling into convulsions from an 
i.p. dose of 200 mg/kg of the analeptic, and in the brains of rats given 
the same dose and killed at the same time but protected from the con- 
vulsive effect of the drug by prior treatment with an isomer of HCtI. 

Two experiments of this kind were performed, with alpha-HCH given 
i.p. in a dose of 200 mg/kg five days before they were injected with the 
nikethamide. Tritiated nikethamide was used for its brain concentration 
to be determined by isotope dilution analysis. The result of the two 
experiments, given in Table 4, has been that  two thirds or only half the 
amount of nikethamide found in the brains of unprotected animals was 
present in the brains of the HCtI-treated rats. 

Unprotected animals of the strain used in these experiments, when injected i.p. 
with 200 mg/kg of nikethamide, showed motor excitation and salivation starting 
five minutes after injection and lasting for 40 to 60 rain. 12 out of 15 animals in a 
group fairly regularly fell into a clonic convulsion, some of them repeatedly. In the 
two experiments reported here, of the althogether seven animals used all were 
strongly excited and five had convulsions. The HCH-treated rats only showed, for 
a short time, somewhat increased locomotor activity and none of them convulsed. 
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Table 4. Brain concentration o/ aH-nikethamide after i.p. injection o/ a convulsive 
dose. Comparison between normal rats and rats protected by alpha-HCH. (For details 

see text and section on methods) 

Experiment 1 Experiment 2 

Controls 200 mg/kg Controls 200 mg/kg 
Mpha-HCH atpha-HCH 

Number of animals per group 
Dose of 3H-niketh~mide i.p. 

(~moles/lO0 g body weight) 
Time allowed between injection 

and decapitation (rain) 

Concentration of nikethamide 
found (~xmoles/g of wet weight) 

Brain 
Whole blood 
Liver 

3 3 4 4 

103 98 136.5 141.9 

27 27 30 30 

0.83 0.53 1.31 0.73 
0.86 0.40 1.47 0.79 
not determined 1.36 0.97 

Fig. 3. Autoradiogram o/a  50 # thick paramedian sagittal section through the skull o~ 
a mouse killed 30 rain after i.v. injection o/2.3 #Ci (8 rag) o/aH-nikethamide. Method 

of Ullberg (1954, 1959). Black areas contain no radioactive substance 

Apar t  from brain,  n ike thamide  content  was also determined for 
blood and  liver and  found, likewise, to be lower in the HCH-t rea ted  
animals  (Table 4). 
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In  the context of these two experiments, the result of an autoradio- 
graphic study of the distribution of nikethamide in the brain of the mouse 
is considered relevant. The autoradiogram of a section through the skull of 
a mouse tha t  was killed 30 min after i.v. injection of tritiated drug is 
reproduced in Fig. 3. Bright areas indicate high, dark areas low content of 
irradiating substance. The pat tern of brightness over cell-rich areas of the 
brain is fairly uniform on this and on other sections, indicating tha t  
these structures do not differ greatly in their content of nikethamide. Thus, 
in the case of nikethamide, drug content of the whole of the brain as 
determined in the two experiments described above may  be regarded as 
an adequate index for intensity of cerebral action. 

Discussion 

Biotrans/ormation of Nikethamide 

Successive N-desalkylation and N-o~dat ion  ~ have been found in this 
s tudy to be predominant as the pathways of biodegradation of niketh- 
amide in the rat. Formation of pyridones, although not specifically 
searched for, did not appear to be of major significance. 

Desethylation. Conversion to nicotinamide was suspected by Ellinger 
and his collaborators (Ellinger and Coulson, 1944; Conlson and Stewart, 
1946; Ellinger and AbdeI Kader,  1948). This has been confirmed in this 
investigation. Apart  from nicotinamide, nicotinic acid ethylamide and 
acetaldehyde have been identified as products of nikethamide desethyla- 
rich. Presumably, the reaction is analogous to known drug desalkylations 
and catalysed by  microsomal "mixed-function" oxidase. Indications of 
this are liberation of the ethyl groups as acetaldehyde, dependence on 
NADPH,  and susceptibility to inhibition by CFT 1201 and to stimulation 
by isomers of HCH. The impression gained from experiments in vitro and 
in vivo tha t  the first ethyl group is split off more readily than the second 
one requires confirmation by a study of the kinetics of the two reactions. 

The amount  of products of desethylation formed in r ive  was incre- 
ased by  pretreatment  with alpha-HCH. So was the amount  of unidenti- 
fied metabolites in urine. This is considered to indicate tha t  some of these 
at  least are derived from nieotinamide. Nieotinamide is known to be 
subject to a number of enzymic transformations the products of which 
are eliminated through the kidneys (see e.g. Chaykin et al., 1965). 

Formation el Nicotinic Acid. Nicotinic acid is known to be one of the 
metabolites of nicotinamide (Petrack et al., 1963; Chaykin et al., 1964). 

3 The identification of nikcthamide-N-oxidc as a biosynthetic product of rat 
tissue in rive and in vitro has been reported by one of us as part of her doctoral 
thesis (Roedler, 1967) prior to the report of Chambon and Chambon-lV[ougenot 
(1969). 
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Our evidence of the presence, in tissue and urine of rats injected with 
aH-nikethamide, of tritium-labelled nicotinic acid, though not definite, 
would support the assumption that, through part of it entering the 
nicotinamidc pool, a number of secondary metabo]ites may be formed 
from nikethamide. 

No information is available on the question whether there is enzymic 
hydrolysis of the amidc bond in nikethamide or its monoethyl derivative. 
In  any event, nicotinic acid is certain to be a minor product of niketh- 
amide biodegradation in the rat. 

N-Oxidation. Formation of the N-oxide appeared to be the second 
major reaction involved in the biotransformation of the analeptic. The 
result of our in vitro experiments suggested that  N-oxidation was some- 
what less in quantitative terms than was N-desalkylation, particularly 
as, in contrast to the latter, the former was seen only with preparations 
of HCH-stimulated liver. No attempt has been made to determine in 
vivo the amount of drug passing through either pathway since this 
would require the extent of further transformation of primary metabolites 
to be evaluated. In  the case of the N-oxide, enzymic reduction to the 
parent amine might be expected to take place (see review by Bickel, 
1969). 

Kirchner and Chaykin (1963) have shown the N-oxidation of nicotin- 
amide to be a microsomal reaction that is dependent on NADPH and 
oxygen and is negligible in extrahepatic tissue. For the reason of 
structural similarity, nikethamide-N-oxide is likely to be formed on the 
same enzyme. 

Its ocenrence in rodents being known, N-oxidation of some of the 
nicotinamide formed from nikethamide is likely to take place. Also, the 
N-oxide of nicotinic acid monoethylamide may be suspected to be a 
secondary metabohte of the analeptic. 

The mobility of these two N-oxides in the TLC-system used in the present study 
for analysis of tissue extracts and of urine (see Fig. 1) has been determined (see 
section on methods). Nicotinamide-N-oxide would move close to peak 6, and the 
presence of a small amount of it in urine might be suspected. The N-oxide of the 
monoethyl derivative could account, according to its l%f-value, for peak 5 on the 
chromatograms of urine. Evidence has been obtained, however that the area of 
peak 5 contains more than one radioactive compound. Attempts at identification 
have not been made. 

Pharmacological Implications. Judging from their mobility oll silica 
gel the major metabolites of nikethamide are more polar than the parent 
drug and should:, thus, be expected to pass from blood into urine at 
correspondingly higher rates. Since, however both the monoethy] deri- 
vative of nikethamide and its N-oxide were found to be present in brain, 
the question arose what their actions are on the central nervous system 
of the rat. 
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According to Uhlmann (1924) nicotinic acid ethylamide has no exci- 
tan t  but, rather, slight sedative properties, similar to nicotinamide. We 
have tested rats, in groups of five each, for effects of the compound and 
found tha t  even an i.p. dose of 500 mg/kg did not produce behavioural 
changes by which the animals could be clearly distinguished from normal 
rats. Likewise, the N-oMde of nikethamide appeared to be devoid of 
biological activity in doses of 500 mg/kg i.p. or 200 mg/kg i.v. We con- 
cluded from these observations tha t  desethylation and N-oxidation of 
nikethamide are detoxifying reactions in tha t  through them the molecule 
loses its CNS excitant properties. 

The Cause o/ Nikethamide Tolerance Induced by Hexachlorocyclohexane 

From earlier observations on the hepatic effects of isomers of I-ICH 
(Ghazal et al., 1964; Koransky et al., 1969), these compounds could be 
expected to accelerate the biodegradation of nikethamide when it was 
found that reactions on microsomal enzymes are, presumably, involved 
in two major initial steps, N-desalkylation and N-oxidation. The extent, 
though, to which this has been found to be the case was rather large. The 
desalkylation reaction in vitro is enhanced by alpha-, beta-, and gamma- 
HCH. It is to be assumed, therefore, that in the living animal, too, 
nikethamide detoxication would be influenced by  the beta- and gamma- 
isomers to an extent similar to the one found for the alpha-isomer. 

This, however, was only par t  of the evidence sought to be obtained in 
this study. With regard to the question asked at  the outset - -whether  or 
not enhanced biotransformation is a causative factor in nikethamide 
tolerance induced by H C t t - - m o r e  significance is at tached to the finding 
tha t  a lpha-HCH-pretreatment  lowers the nfl~ethamide concentration 
reached in brain 30 rain after i.p. injection to between 65 and 50o/o of 
normal. In  the context of this finding the following considerations are 
relevant. 1. Potency of lower doses of nikethamide : 200 mg/kg, the dose 
used in these experiments, was a convulsive dose, 150 mg/kg was not. 
2. Distribution of nikethamide in brain: As judged from autoradio- 
graphs (Fig. 3), nikethamide appears to be evenly distributed throughout 
the gray mat ter  on the one hand and throughout white mat te r  on the 
o~her, so tha t  brain content of drug as estimated in these experiments may  
be regarded as indicative of the amount  of drug at  the locus or loci of 
action. 3. Metabolites of nikethamide: Since, as reported above, they lack 
excitant action, their presence in brain does not need to be taken into 
account. 

Thus, it may  be concluded that ,  in the case of nikethamide, the 
hepatic action of the HCH-isomers is a significant factor in the develop- 
ment  of tolerance; in the experimental situation studied here it  is 
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almost  certain to have been the p redominan t  factor. This severely restricts 

the usefulness of n ike thamide  as a tool in  studies of the interes t ing 
cerebral act ion of HCH (Herken et al., 1952b; Vohland and  Koransky ,  
1972) referred to in the in t roduct ion.  
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