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By using proton magnetic resonance spectroscopy, carbachol can be 

assayed i n  commercial ophthalmic solutions with a m i n i m u m  of s teps  

and reagents, and with a high degree of accuracy. The sample i s  

freeze-dried t o  a powder which i s  f i r s t  mixed with acetamide, the 

i n t e r n a l  standard, and next i s  dissolved i n  methanol. A n  a l iquot  

of t h e  solut ion i s  evaporated t o  dryness, the  residue i s  dissolved 

i n  deuterium oxide, the  solut ion i s  mixed with t h e  reference stan- 

dard, and the spectrum i s  recorded. The quantity of carbachol i n  

t h e  dosage form i s  calculated from t h e  i n t e g r a l  value a t  ca. 3.27 

ppm (cwbachol) and ca. 2.01 ppm (acetamide). The mean recovery 

value + S D  f o r  carbachol added t o  synthet ic  forrnulations was 100,O - 

*Present address: St. John's University, Collese of Pharmacy and 
Allied Helath Professions, Jamaica, New York 111139. 
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44 HANNA AND LAU-CAM 

- + 0.5% (n  = l o ) ,  cv = 0.5%. 

15 and 30 mg/ml ophthalmic solutions were 100.2 ( n  = 3 )  and 99.9 

( n  - 3 ) $  of declared, respectively.  

interferences by synthet ic  cel luloses  

chol ophthalmic solutions t o  both prolong and enhance pharmacolo- 

g i c a l  e f fec ts .  

The mean assay values f o r  commercial 

The proposed method precludes 

which are  added t o  carba- 

INTRODUCTION 

Carbachol (choline chloride carbamate) i s  a cholinergic agent 

which finds use as a miotic during ocular surgery , and f o r  redu- 

cing intraocular  pressure i n  pat ients  with glaucoma who may have 

become resistant t o  other  cholinergics (1). Carbachol has been 

analyzed i n  bulk samples and i n  dosage forms by colorimetric (2-5')¶ 

t i t r i m e t r i c  (2,5), and inf ra red  spectroscopic (6,7) methods, 

Colorimetric methods depend on i t s  conversion t o  a colored solu- 

b l e  reineckate salt (2), to  a N-chloro derivative which i n  t u r n  

will oxidize iodide t o  iodine s o  as t o  obtain a blue color  with 

s ta rch  ( 3 ¶ 5 ) ,  o r  t o  a colored f e r r i c  hydroxamate (4). 
problems t h a t  are encountered with these and the t i t r i m e t r i c  meth- 

ods are: lack of s e n s i t i v i t y  and se lec t iv i ty ,  too many procedural 

s teps ,  and the  need for numerous reagents. Infrared spectroscopic 

methods, on the  other hand, are simpler i n  design and highly se- 

lec t ive ,  but  they demand s t r i c t  adherence t o  instrumental  d e t a i l s  

and are too slow f o r  multiple sample analysis.  

cr ibes  the use of proton magnetic resonance (m) spectroscopy t o  

assay carbachol i n  commercial ophthalmic solut ions with a m i n i m u m  

of s teps  and reagents. 

Among the 

This report  des- 

The proposed method w i l l  a l so  measure car- 
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DETERMINATION OF CARBACHOL OPHTHALMIC SOLUTION 45 

bachol with a high degree of accuracy and precision i n  the  presence 

of ophthalmic wetting agents such as the synthet ic  cel luloses .  

EXPERIMENTAL 

Instrumentation - 
EN-390 spectrometer (Varian Associates, Palo Alto, CA)  a t  an am- 

bient  probe temperature of 35OC, using a sweep time of 5 min and a 

A l l  PMR spectra  were recorded on a 90 MHz Varian 

sweep width of 10 ppm. 

Materials - 
Convention, Inc., Rockville, MD), acetamide (99+ mol %, Eastman 

Kodak Co., Rochester, NY), deuterium oxide (D20, 99.7 atom % D, 

Merck & Co., Inc., Rahway, NJ), deuterated sodium 3-trimethyl 

silylpropionate-2,2,3,3-d4 (TSP, Merck & Co., Inc.), methanol ACS 

(Fisher Sc ien t i f ic ,  F a i r  Lawn, N J ) ,  carbachol chloride ophthalmic 

solution, 15 and 30 mg/ml (from commercial sources). 

Method - Transfer an accurately measured volume of o p h t h a c  

solution, equivalent t o  about 100 mg of carbachol, t o  a f reeze 

drier vacuum jar ,  f reeze the solut ion a t  about -4OoC, and freeze 

dry t o  the s o l i d  s t a t e  at about 

abou t  97 mg of acetamide, accurately weighed, and about 2 m l  of 

methanol, and e f f e c t  solut ion with the a id  of a vortex mixer. 

USP carbachol Reference Standard (U.S. Pharmacopeial 

- 

Torr. To the  residue add 

Using a capi l la ry  pipet,  t ransfer  the  methanolic solut ion t o  a 

2.5 m l  glass-stoppered f lask,  and evaporate the solvent t o  dryness 

with the a id  of a stream of dry nitrogen. 

1-2 m l  of D20 and, using a capi l lary pipet,  t ransfer  about 0.5 ml 

of the solut ion t o  an ana ly t ica l  PMR tube t h a t  contains a f e w  crys- 

tals of TSP, mix, and place the PMR tube i n  t h e  spectrometer. 

Dissolve t h e  residue i n  

Ob- 
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46 HANNA AND LAU-CAM 

t a i n  the  spectrum using a spin rate t h a t  w i l l  not produce i n t e r f e -  

r i n g  spinning s ide bands i n  the spectralregions 1.7-2.3 ppm and 

3.0-3.6 ppm. 

taken as 0.0 ppm. 

the  s ing le t  a t  about 3.27 ppm a t  l e a s t  f ive  times each, and obtain 

the average values. 

sage form from: 

the  average in tegra l  value for  the  s ing le t  at  about 3.27 ppm, due 

t o  the 9 N-methyl protons of carbachol; As = the  average i n t e g r a l  

value f o r  the  s ing le t  a t  about 2.01 ppm, due t o  the methyl protons 

of acetamide, serving as an i n t e r n a l  standard; 

weight of carhachol divided by t h e  number of absorbing protons, 

i.e., 182.65/9 = 20.29; 

divided by the  number of absorbing protons, i .e. ,  59.07/3 = 19.69; 

C = the weight of acetamide taken f o r  the analysis, mg; 

the volume of ophthalmic solution taken f o r  the  analysis,  m l .  

RFSULTS AND DISCUSSION 

Assign all chemical. s h i f t s  with reference t o  TSP, 

In tegra te  the s ing le t  at  about 2.01 ppm and 

Calculate the  amount of carbachol i n  the  do- 

mg/ml = ( A d A s )  x (EWdfWs) x ( C / t r ) ,  where Au = 

EWu = the  formula 

EWs = the  formula weight of acetamide 

and V = 

Figure 1 i s  the  90 MIz PMR spectrum of a mixture of carbachol 

and acetamide i n  D20 solution. Carbachol exhibited three  resonance 

signals (labeled a-c) a t  about 3.27 ppm ( s i n g l e t ) ,  3.73 ppm ( m u l t i -  

p l e t ) ,  and 4.57 ppm (mult iplet) ,  which correspond t o  the -N(CH3)3, 

-KCH2-, and -@CH2- protons, respectively. 

and - c)  are complex and not eas i ly  interpreted by a f i r s t -order  

treatment,, These mult iplets  are b e t t e r  described as belonging t o  

an AA'XX' spin system because the chemical s h i f t  difference between 

the  two mult iplets  ( A  ca. 80 Ha) i s  la rger  than the v i c i n a l  cou- 

4- - -  

The two mult iplets  (b - 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



DETERMINATION OF CARBACHOL OPHTHALMIC SOLUTION 47 

0 I b  

1 I 1 I 
pprn(b1 7 6 5 i 3 2 1 0 

Figure 1. 90 MHz PF4R spectrum of a mixture of carbachol and 
aCetami.de, the  i n t e r n a l  standard, i n  D20. 

p l ing constant J 

protons i s  broader than the -NCH2- multiplet  because of addi t ional  

s ign i f icant  coupling between the -OCH2- protons and the posi t ively 

charged nitrogen (nuclear sp in  = 1). 

pansion of the -@CH2- and -NCH2- mult iplets  of carbachol, together 

with a diagramatic representat ion of the AAI port ion of t h e i r  AA'XX' 

sp in  system. The distance between the outer  l i n e s  gives the sum of 

vicinaJ. coupling constants, N, while the distance between the inner 

l i n e s  gives the approximate magnitude (but  not the s ign)  o f ' t h e  

difference between the v i c i n a l  coupling constants, L ( 8 ) .  From 

the  values of N (10.5 Re)  and L (5.1 Hz), t'he coupling constants 

The lower f i e l d  mult iplet  due t o  t h e  -OCH2- Ax 

Figure 2 shows a 90 PIHz ex- 
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48 HANNA AND LAU-CAM 

11.12 9.10 

Figure 2. Expanded port ion of t h e  90 MHz PMR spectrum of 
carbachol i n  D 0: 
(sweep width, 250 Hz); 
width, 180 Hz) ; 
of AA' portion of AAtXX' spin system. 

(a) -0CIi2- and -NCH2- s igna ls  
(b) -NCH2- s i g n a l  (sweep 

(c)  diagrammatic representat ion 

Ja and JAxt were calculated t o  be 7.8 Hz and 2.7 Hz, respect ively 

(8). For quant i ta t ive purposas, the  i n t e g r a l  of the s igna l  repre- 

sent ing the -N(CH3)3 protons was compared with t h a t  of the -CH3 

protons of acetamide. 

+ 

Standard mixtares containing varying amounts of carbachol and 

i n t e r n a l  standard were prepared i n  10 m l  of d i s t i l l e d  wator, f reeze 

dried, and put  through t h e  proposed PMR spectroscopic method. The 

assqy of these mixtures yielded the  results presented i n  Table 1. 

Overall, the mean recovery + SD was 100.0 + 0.5% ( n  = 10). 

accuracy of the  method was found t o  be independent of the r e l a t i v e  

proportion of i n t e r n a l  standard t o  drug f o r  the range of proportions 

shown i n  the  same table.  Commercial samples of ophthalmic solut ion 

from three manufacturers, and representing two s t rengths  of  carba- 

The - - 

chol, were assayed by t h e  PRN spectroscopic method and found t o  be 
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DETERMINATION OF CARBACHOL OPHTHALMIC SOLUTION 44 

T a b l e  1 

Determination or" carbachol i n  standard mixtnres by PMR 
spectroscopy 

C arb achol 
Mixture Acetamide -- _c 

IJO . added, mg Added, mg Found, mg Recovery , 5 

1 
2 
3 
Jl s 
6 
7 
8 
9 
10 

Me an 
S D  
cv,% 

100.5 
89.2 
?8.3 
90.1 
97.1 
89.5 
97.5 
90.2 

100.5 
89.7 

122.0 
117.9 
111.7 
107.9 
100.2 

98-1  
9100 
86.5 

67.8 
72.3 

121.8 
118.5 
111.5 
107.8 
100.1 

97.8 
90.2 
86.8 
72.8 
67.9 

99.8 
100.5 

39.8 
99.9 
99.9 
99.5 
99.1 

100.2 
100.7 
100.1 

100.0 
0.5 
0.5 

Table 2 

Determination of  carbachol ophthalmic solut ions by PM3 
spectroscopy 

Amount declared, Amount found, Amount found, 
d Brand m g / m l  w/ml P 

A 15 
B 1.5 
C 15 

A 30 
B 30 
C 30 

14 96 99.7 

14.89 99.3 
15.11 100.7 

29e92 99.7 
30.21 100.7 
30.03 100.1 
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50 HANNA AND LAU-CAM 

within the declared amounts (Table 2 ) .  

15 and 30 mg/ml  sanples were 100.2 ( n  = 3) and 99.9 ( n  = 3 ) $  of 

declared, respectively.  

The mean assay values f o r  

Elydrophilic wetting agents suchs as hydroxypropylcellulose, 

methylcellulose, and ethylcel lulose,  which axe added t o  carbachol 

ophthalmic solutions t o  prolong as we l l  as t o  enhance the pharmaco- 

l o g i c a l  e f f e c t s  or' t h e  drug, will produce resonance peaks i n  the 

v i c i n i t y  of those observed f o r  carbachol. mkis po ten t i a l  i n t e r -  

ference was readi ly  eliminated by dissolving the mixture of freeze- 

d r i ed  ophthalmic solut ion a d  i n t e r n a l  standard i n  anhydrous metha- 

nol, where the cel lulose remains insoluble as a gelatinous mater ia l ,  

I n  this regard, deuterated methanol would appear more appropriate 

as a solvent than methanol b e c a s e  i t s  use will preclude the  neces- 

s i t y  of evaporating the  methanolic solut ion t o  dryness and of re-  

dissolving the r e su l t i ng  residue i n  D20. 

f e r r ed  on the premise t h a t  D20 i s  l e s s  cost ly  than  deuterated metha- 

nol. The t r a c e  mounts of BDC t h a t  might be present i n  deuterated 

water w i l l  increase upon exchange with the amino and amide protons 

of carbachol and acetamide, respectively.  During this s t u Q ,  the 

l eve l s  of HID tha t  were encountered and the in t ens i ty  of  the result-  

i ng  s ide bands were not great  enough t o  i n t e r f e r e  with the integra-  

t i o n  and subsequent quan t i t a t ion  of the resonance peaks of carba- 

chol. 

a 

t roscopic  i d e n t i f i c a t i o n  of the d rug  because the acid w i l l  s h i f t  

t h e  s igna l  of I E O  fu r the r  downfield, thus preventing its overlapping 

with the -OCIl2- resonance s ignal .  

The longer route was pre- 

The addition of a drop of deuterated hydrochloric acid t o  

solut ion of carbachol i n  %O wi l l  great ly  s i m p l i e  t he  P>B spec- 
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