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LlQU ID CHROMATOGRAPHIC 
DETERMINATION OF $-AIMINO-N-(2,6-DI- 
METHYL PHENYL)-BENZAMIDE IN RAT 

SERUM AND URINE 

R. C. Dockens, W. R. Ravis, and C. R. Clark 
Department of Pharmacal Sciences 

School of Pharmacy 
Auburn University 

Auburn, Alabama 36849 

ABSTRACT 

The compound 4-amino-N-(2,6-dimethylphenyl)-benzamide 
has shown potential as a new anticonvulsant. A method 
for the l i q u i d  chromatographic determination of serum 
and urine concentrations of the compound and its N-acetylated 
metabolite was developed for pharmacokinetic studies. 
Quantitation was achieved via UV detection at 275nm 
following isocratic reversed phase ( c18 )  separation 
using a ternary solvent system of water:acetonitrile:acetic 
acid (60:39:1) at a flow rate of 1.5 rnL/min. The compounds 
were isolated from a 50 UL  sample of serum using solid 
phase extraction with prior protein precipitation. 
The compounds and internal standard were eluted from 
the extraction column with acetonitrile. Isolation 
from urine was achieved similarly with the exclusion 
of protein precipitation. The assay procedure is useful 
for the determination of concentrations of parent compound 
from 0.68 to 204.6 ug/mL. 
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2414 DOCKENS, RAVIS, AND CLARK 

Introduction 

A relatively new class of anticonvulsants, the 
4-aminobenzamides, are now under investigation (1-3). 
4-Amino-N-(2,6-dimethylphenyl I-benzamide (DMP), a congener 
of drl-4-amino-N-(a-rnethylbenzyl)-benzamide, shown in 
Figure 1, has been identified as a promising anticonvulsant 
agent (4). Preliminary evaluations in animal models 
suggests that DMP has a spectrum of anticonvulsant activity 
similar to that o f  phenytoin. Interperitoneal ( i p I  
administration of DMP in mice produced an ED50 of 2.60 
mg/kg against maximal electroshock (MES) induced seizures 
and provided no protection up to 20 mg/kg against sub- 
cutaneous metrazole (scMet) induced seizures. The rotorod 
toxicity test demonstrated a TD50 of 15.01 mg/kg after 
ip administration of DMP, yielding a protective index 
of 5.77. This is comparable to that of phenytoin (PI=6.89), 
and higher than that of the other prototype anticonvul sant 
drugs. The LD50 (24 hour lethality) for DMP is 160.83 
mg/kg after ip administration, although this value is 
less than the other prototype anticonvulsants tested. 
The ratio of LD50 to HD50 (test of hypnotic dose measured 
by loss of  righting reflex) and TD50 is higher than 
the ratios calculated for the other tested prototype 
anticonvulsants. Therefore, DMP appears to be more 
potent than the other anticonvulsants but possessing 
a wider margin between toxicity and lethality. This 
compound is continuing to undergo evaluation as a potential 
antiepileptic agent. This study reports the development 
o f  an HPLC assay for drug and acetylated metabol ite 
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I S  

F i g u r e  I: Structures o f  4-amin0-N-(2~6-dimethylphenyl)- 
benzarnide, (DMP); t h e  acety la ted metabol i t e l  
(ADMP); and t h e  i n t e r n a l  standard f o r  t h e  
assayl (IS). 
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2476 DOCKENS, RAVIS, AND CLARK 

fo r  q u a n t i t a t i o n  i n  d i s p o s i t i o n  s tud ies  which are essential 

f o r  examining a d r u g ' s  m e t a b o l i c  p r o f i l e ,  i t s  e f f e c t s  

as t o  rou te  o f  administrat ion,  and i t s  persistence. 

Mater i  a1 s and Methods 

Reagents and Chemicals 

A1 1 c h e m i c a l s  were r e a g e n t  grade, pharmaceut ical  

q u a l i t y  o r  b e t t e r  and were used w i t h o u t  f u r t h e r  p u r i -  

f i c a t i o n .  Ni t rogen gas was obtained from Alabama Oxygen 

Company (Bessemer, AL). Bar ium h y d r o x i d e  was o b t a i n e d  

from A1 1 i e d  Chemical (New York, NY 1. Spectrophotometric 

grade a c e t i c  ac id  and z i n c  s u l f a t e  were purchased f r o m  

J.T. Baker Chemical Company (Ph i l l i psburg ,  NJ). Spectro- 

photometric grade a c e t o n i t r i l e  was purchased f rom F i s h e r  

S c i e n t i f i c  Company ( F a i r  Lawn, NJ). The synthesis has 

been p r e v i o u s l y  d e s c r i b e d  f o r  t h e  i n t e r n a l  s t a n d a r d  

4-amino-N-(a-methylphenethyl)-benzamide ( I S )  (11, and 

f o r  4-amino-N-(2,6-dimethylphenyl 1-benzamide (DMP)  (2). 
The standard f o r  4-acetamido-N-(Zr6-dimethyl phenyl I-benzamide 

(ADMP) was synthesized as d e s c r i b e d  below. IR s p e c t r a  

were  r e c o r d e d  i n  c h l o r o f o r m  s o l u t i o n s  u s i n g  matched 

sodium c h l o r i d e  c e l l s  o r  as f l u o r o c a r b o n  m u l l s  on  a 

Beckman 4230 spec t rophotometer .  A 1  1 1 H  NMR s p e c t r a  

were measured i n  CDC13 on a V a r i a n  T-60A spectrometer 

wi th an in te rna l  standard o f  te t ramethy ls i lane.  Elemental 

ana lyses  (C,H,N) were per formed by A t l a n t i c  M i c r o l a b  

Inc., At lanta,  GA. 
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4-AMINO-N-(2,6-DIMETHY LPHENYL)-BENZAMIDE 2477 

C hrornatogr ap h ic Procedures 

The HPLC was a modular isocratic system consisting 
of a model 750 solvent delivery system, model 730 universal 
Injector, a model 788 dual channel varlable wavelength 
detector (Micromeritics, Norcross, GA), a n d  a model 
3390A integrator (Hewlett-Packard Company, Avondale, 
PA). The water used in the reversed phase system was 
double distilled. All separations were carried out 
at ambient temperature. 

Reversed phase separation was accomplished using 
a 15.0 cm x 4.6 mm i.d. column packed with c18 chemically 
bonded silica (5 pm), Ultrasphere-ODS (Altex) preceded 
with a guard column (5 cm x 2.1 m m  1.d.) d r y  packed 
with 3 0  to 38 rn C0:PELL ODS (Whatman) and equipped 
with 2 v m  end frits. The mobile phases consisted of 
mixtures of water, HPLC grade acetonitrile, and HPLC 
grade glacial acetic acid. The solvent system was 
acetonitrile-water-acetic acid (39:60:1) with a flow 
rate of 1.5 mL/min. and the detector operating at 275 
nm . 

Animals 
Male Sprague-Dawley rats from Harlan Sprague Dawley 

(Prattville, AL1 were received 1 to 2 weeks prior to 
use. They had free access to food and water prior to 
and during the experlment. The weight range o f  rats 
for this study was 2019 to 2929. 
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2478 DOCKENS, RAVIS, AND CLARK 

Can nu 1 a t  i o n  Procedure 

U n d e r  e t h e r  a n e s t h e s i a  a 1 cm i n c i s i o n  was made 

under t h e  r a t ' s  r i g h t  c l a v i c l e ,  the  j u g u l a r  ve in i s o l a t e d  

w i t h  b l u n t  d i s s e c t i o n  and a small  l a t e r a l  i n c i s i o n  made 

i n t o  the  vein. I n t o  t h i s  inc is ion ,  w i t h  gent le  ro ta t ion ,  

a p p r o x i m a t e l y  3 cm o f  s i l a s t i c  (Dow C o r n i n g )  t u b i n g  

(0.020 i n .  I .D .  x 0.037 i n .  O.D.1, w i t h  end beveled,  

was i n s e r t e d  toward  t h e  h e a r t .  The t u b i n g  was t h e n  

secured i n  place w i t h  s i l k  surg ica l  suture (Look, I n c .  1. 

Heparinized s a l i n e  (30  u/mL) was used dur ing t h e  procedure 

t o  keep t h e  tub ing  f r e e  o f  c l o t  formation. The i n c i s i o n  

was then closed using discont inuous suture s t i t ches .  

DMP was a d m i n i s t e r e d  a t  a dose o f  25 mg/kg i n  

polyethylene g l y c o l  400 v i a  t h e  cannula. The c a l c u l a t e d  

dose was given over 19.9 - 22.7 minutes. 

Synthesis o f  Acetylated Metabol i te,  ADMP 

A s o l u t i o n  o f  2.0 g o f  DMP and 1.5 g o f  tr iethylamine 

i n  30 mL o f  THF was added t o  a 250 mL 3-necked f l a s k  

f i t t e d  w i t h  a r e f l u x  condensor and an a d d i t i o n  funnel. 

A s o l u t i o n  o f  1.8 g o f  a c e t y l c h l o r i d e  i n  10 mL o f  THF 

was added drop  w ise  and t h e  r e s u l t i n g  mixture re f luxed 

f o r  t h r e e  hours.  The m i x t u r e  was c o o l e d  and d i l u t e d  

w i t h  20 mL o f  w a t e r  and t h e  THF removed by vacuum 

d i s t i l l a t i o n .  The r e s u l t i n g  aqueous s u s p e n s i o n  was 

f i l t e r e d  and t h e  f i l t r a t e  r e c r y s t a l  1 ized f rom THF-ethanol 

mp 288-29OOC. I n f r a r e d  and n u c l e a r  magnetic resonance 

( l H )  spect ra were cons is ten t  w i t h  t h e  assigned st ructure.  
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4-AMINO-N42,6-DIMETHY LPHENY L)-BENZAMIDE 2479 

H =  

N =  

so 1 

was 

Elemental a n a l y s i s  (C,H,N): T h e o r e t i c a l ,  C = 71.98%; 

6.71%; N = 9.33%. Found, C = 71.90%; H = 6.8475, 

9.23%. 

d Phase E x t r a c t i o n  

Added t o  a 50 UL serum sample i n  a g lass t e s t  tube 

1 mL o f  water fo l lowed by 25 V L  o f  IS i n  a c e t o n i t r i l e  

(1.2 mg/mL), 50 o f  1.8% Ba(OH12 and 50 UL o f  2.0% 

ZnSOq w i t h  v o r t e x i n g  b e f o r e  and a f t e r  t h e  a d d i t i o n  o f  

ZnSOq. A reversed phase c18 e x t r a c t i o n  column, Sep-pak 

(Waters), was activated by washing w i t h  5 mL o f  a c e t o n i t r i l e  

fol lowed by 5 mL o f  water w i t h  the a id  o f  a Fisher f i l t r a t o r  

and water -asp i  r a t o r  vacuum. Then, w i t h o u t  a1 1 o w i n g  

t h e  adsorbent  t o  dry ,  t h e  sample s o l u t i o n  was charged 

o n t o  t h e  column. The column was washed w i t h  9 mL o f  

w a t e r  t o  remove any water  s o l u b l e  substances. A f t e r  

t h e  wash, DMP, ADMP, and IS were e l u t e d  f r o m  t h e  column 

i n  1.5 mL o f  a c e t o n i t r i l e .  This s o l u t i o n  was concentrated 

under a stream o f  n i t r o g e n  t o  a volume o f  0.05 t o  0.1 

mL and 10 vL o f  t h e  r e s u l t i n g  s o l u t i o n  was quant i ta ted  

by HPLC a n a l y s i s .  The i s o l a t i o n  o f  DMP and ADMP from 

urine was achieved s i m i l a r l y  w i t h  t h e  exc lus ion o f  p r o t e i n  

p r e c i p i t a t i o n .  

E f f i c i e n c y  o f  Recovery o f  
DMP and ADMP from Serum 

The r e c o v e r y  e f f i c i e n c y  o f  DMP and ADMP from serum 

according t o  t h e  described s o l i d  phase e x t r a c t i o n  method 

above was s t u d i e d  by s p i k i n g  50 L serum a l i q u o t s  w i t h  
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2480 DOCKENS, RAVIS, AND CLARK 

known amounts o f  DMP and ADMP and t h e  f o l l o w i n g  con- 

c e n t r a t i o n s  ( i ig/mL) o f  each were achieved: DMP: 0.68, 

0.94, 4.7, 9.4, 23.5, 47.0, 100.8, 168.0. The s t o c k  

solutions o f  DMP, ADMP, and I S  used t o  prepare t h e  samples 

were prepared i n  a c e t o n i t r i l e .  These s t o c k  s o l u t i o n s  

were made so t h a t  t h e  combined volume o f  these s o l u t i o n s  

would be l e s s  t h a n  o r  equal  t o  25 VL ( i . e .  t h e  t o t a l  

volume o f  a c e t o n i t r i l e  used i n  the  assay procedure above), 

y e t  y i e l d  t h e  c o n c e n t r a t i o n  1 i s t e d  above. When t h e  

combined volumes were l e s s  t h a n  25 CIL, a c e t o n i t r i l e  

was added to make 25 uL. The percent recovery e f f i c i e n c y  

was c a l c u l a t e d  f r o m  t h e  r a t i o  o f  t h e  c o n c e n t r a t i o n s  

t h e  i n t e g r a t o r  c a l c u l a t e d  f o r  these serum preparat ions 

t o  t h o s e  a c q u i r e d  i n  an i d e n t i c a l  manner e x c e p t  f o r  

n o t  going through t h e  s o l i d  phase e x t r a c t i o n  procedure. 

0.96, 4.8, 9.63 23.9, 47.7, 95.5, 204.6; ADMP: 0.67) 

Results and Discussion 

It was t h e  goa l  o f  t h i s  p r o j e c t  t o  develop a rap id  

and s e n s i t i v e  assay f o r  DMP and i t s  m a j o r  m e t a b o l i t e  

ADMP. The assay would be used I n i t i a l l y  i n  phannacokinetic 

s t u d i e s  i n  r a t s .  P r e l i m i n a r y  s t u d i e s  i n d i c a t e d  t h a t  

t h e  N-acety l  d e r i v a t i v e ,  ADMP, was a major  metabol i te  

r e s u l t i n g  f r o m  DMP. There fore ,  HPLC and e x t r a c t i o n  

c o n d i t i o n s  f o r  t h e  i s o l a t i o n  o f  t h e s e  two compounds 

were developed u s i n g  t h e  i n t e r n a l  s t a n d a r d  I S ,  shown 

i n  F i g u r e  1, s i n c e  i t  possessed s i m i l a r  e x t r a c t i o n  and 

chromatographic p r o p e r t i e s .  T a b l e  1 shows t h e  p e r c e n t  
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4-AMINO-N-(2,6-DIMETHYLPHENY L)-BENZAMIDE 248 1 

TABLE 1 

Recovery from Solid Phase Extraction (c18 Sep-Pak 1 

~~ ~ 

Compou n d Description % Recovery1 

DMP Pa rent Compound 95.2 L 0.5 
ADMP N-Acetyl ated Metabol i te 95.6 L 4.1 
IS Internal Standard 93.6 i 1.2 

IMean k SD, n = 3 

recovery of each compound from the c18 extraction column 
and the similarity in the efficiency of their recovery. 
The separation of a standard mixture i s  demonstrated 
in Figure 2. 

Pharmacoklnetic studies require several small vol ume 
blood samples to be collected in order to accurately 
describe the serum concentration-time profile of the 
compound of interest and Its metabolites. In this study 
0.2 mL blood samples were collected from each rat at 
various designated times via surgically placed jugular 
vein cannulas yielding 50 UL of serum. For isolation 
of DMP, ADMP, and IS from such small sample sizes, a 
procedure utilizing a solid phase extraction column 
was developed. Such procedures have been described 
( 5 )  as an alternative to liquid-liquid extraction for 
the isolation of pharmaceuticals from a biological matrix. 
A reversed phase (c18) extraction column, Sep-pak (Waters), 
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2482 DOCKENS, RAWS, AND CLARK 

G, ‘L 
A A A A A A 
0 1 2 3 4 5 

M I N U T E S  

Figure  11: Liqu id  chromatographic separat ion o f  a 
standard mixture  o f  compounds DMP 
(peak 21, ADMP (peak 1) and IS (peak 3 ) .  
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4-AMINO-N-(2 ,&DIMETHY LPHENY L)-BENZAMIDE 2483 

was used a l o n g  w i t h  samples spiked w i t h  DMP, ADMP, and 

IS t o  develop t h e  e x t r a c t i o n  procedure.  The a d d i t i o n  

o f  Ba(OH12 and ZnSO4 s o l u t i o n s  caused t h e  p r e c i p i t a t l o n  

of serum proteins,  thereby a l low ing  t o t a l  serum a n a l y s i s  

of  DMP and ADMP. The water  wash removed most o f  t h e  

water  s o l u b l e  sample components. DMP, ADMP, and IS 
were t h e n  e l u t e d  f r o m  t h e  e x t r a c t i o n  column w i t h  1.5 

mL o f  aceton i t r  i 1 e. 

The chromatograms i n  F i g u r e  3 were ob ta ined from 

serum samples drawn 10 minutes, 50 minutes,  75 minutes,  

and 220 minutes  post- intravenous dosing w i t h  DMP. This  

series o f  chromatograms reveal  t h a t  s i g n i f i c a n t  ace ty l  a t i o n  

had o c c u r r e d  even i n  t h e  10 minutes sample. DMP concen- 

t r a t i o n  i s  d e c r e a s i n g  w i t h  t i m e  w h i l e  ADMP i n c r e a s e s  

and l a t e r  begins t o  decl ine.  F igure  4 shows a chromatogram 

r e s u l t i n g  f r o m  t h e  i s o l a t i o n  o f  DMP and ADMP f r o m  a 

u r i n e  sample. 

T a b l e  2 shows predic ted and observed concentrat ions 

o f  DMP and ADMP over a 300-fold range. The c o e f f i c i e n t  

o f  v a r i a t i o n  ( C V )  v a r i e d  f rom 0.83 t o  10.00% f o r  DMP 

and f r o m  1.04 t o  9.45% f o r  ADMP. The upper  l i m i t  o f  

c o n c e n t r a t i o n  i n  Table 2 i s  we l l  above t h e  h ighest  l e v e l  

found i n  r a t  serum a f t e r  I V  d o s i n g  o f  DMP. B o t h  s l o p e  

and c o r r e l a t i o n  show good agreement between actual  and 

detected concentrat ions. 

F i g u r e  5 shows t h e  r e s u l t s  f r o m  a d o s i n g  s t u d y  

using t h e  described assay procedure. The semi-log graph 

represents post - in fus ion serum concentrat ions as observed 

a f t e r  a dose of 25 mg/kg o f  DMP i n  a po lye thy lene g l y c o l  
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Figure IV: Chromatogram showing isolation of DMP and 
ADMP from urine. a = b l a n k  urine with 
IS, b = 1 hr urine sample after dosing. 
Peak 1 = ADMP, peak 2 = DMP, and peak 3 = 
IS. 

400 solution. The metabolite levels rise quickly and 
exceed the level of the parent compound soon after 
termination of the infusion. The elimination rate of 
DMP is much faster than that of ADMP with a total body 
clearance of 1.182 L/hr/kg and a V d  of 0.434 L/kg. 
This difference in elimination is reflected by the marked 
difference in  slope of the terminal phases between the 
two compounds. The elimination half-life o f  DMP was 
16.1 minutes while that of ADMP was 1.7 hr. 
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HOURS POST-INFUSION 

Figure V :  Post infusion serum concentration profile 
of DMP (square) and ADMP (triangle) 
following intravenous infusion of 
25 mg/kg of DMP. 

Conclusions 

A 1 iquid chromatographic procedure has been described 
for the quantitative analysis o f  the anticonvul sant 
compound DMP and its N-acetylated metabolite. These 
compounds and the internal standard can be isolated 
from serum and urine in high yield using a reversed 
phase (c18) sol id extraction procedure. Chromatographic 
analysis was optimized using a ternary mobile phase 
and UV detection at 275 nm. 
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