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ABSTRACT 

The condensation reaction of 5-acetylamino-2- 

sulfamoyl-1,3,4 thiodiazole (acetazolamide) on the 

poly(acry1ic acid-co-styrene) copolymer was studied, 

with a view to obtaining a retard drug. Coupling was 

performed in a TIIF medium in the preseme of  dicyclo- 

hexylcarbodiimide as activator. The diuretic effect 

of the newly obtained drug was checked in rats. 

I N T 3 O D U C T I O N  

Drug retardation actually knows a wide develo- 

pment, as a consequence of the multiple pharmaceu- 

tical advantages which it exhibits. Generally, this 

process involves the utilization of biocompetible 

macromolecular supports, permitting drug coupling by 
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2 68 DUMITRIU ET AL. 

ionic and covalent b~ndal-~. Acetazolamide, used in 

glaucoma treatments, has certain disadvantages, refe- 

rring to its rapid release off the human orgmism . 
With a yiew to limiting suoh shortcomings, its coup- 

ling on various maoromolecular supports is being etu- 

died.  At the same time, the sobtainment of some retard 

syeteme with controlled release, made of pilocarpine 

included in xanthane gel (ophthalmic insert) , and 
acetazolamide coupled on natural and synthetic poly- 

mers, to be orally administered, respectively, ie had 

in view. 

5 

6 

The preeent paper is a etudy of acetazolamide 

coupling on an acrylic acid - styrene baaed copolymer. 
Biomedical investigations have evidenced that 

the support is not toxic, while the reaction product 

has a prolongued diuretic effect. 

EXPERIMENTAL ------_----_ 
5-Acetylamino-2-sulfamoyl-l,3,4 thiodiazole 

(acetazolamide) coupling waa performed on three dif- 

ferent macromolecular supports, in order to select the 

one showing the highest reactivity. Two of them have 

a polysaccharidic nature (chlorocarbonyl methyl) oel -  

lulose (CMC-Cl) and xanthane (XI, the formed being 

characterized by a substitution degree with -COC1 

groups, DSCOC-3" 0.37, the latter one showing a car- 

boxylic g r o u p  content of 5.32 mol-COOH/g polymer. 
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BIOACTIVE POLYMERS 62 269 

Another support used was a copolymer of the a 

acrylic acid with styrene, with a content of 16.95 

acrylic acid. This was aynthetized by copolymerization 

in solution (DNP solvent) at a 3/7 mole/mole ratio of 
comonomers (acrylic acid/styrene), at a temperature of 

6OoC and a reaction duration of 6 h, on using AIBN as 

initiator (c = 0.02 mole/l). The acrylic acid content 

of the copolymer (PAcA-S) was determined by titration 

with a solution of 0.1 N BaON. 

Acetaeolamide (AcAA) coupling on CMC-C1 was per- 

formed in a heterogeneous system, by using DMF as rea- 

ction medium. In order t o  assure the necessary basic 

pH for the reaction development, small amounts of py- 

ridine were added. 

The coupling of AcAA on X w a s  realized in THP, by 
using dicyclohexylcarbodiimide (DCI) as activator. 

Drug coupling on PAcA-S w a s  performed in a homo- 

geneous medium, on using DMSO as solvent. The reaction 

activation was realized by using DCI, at a temperature 

of 10 .I-1Oc. 

For a systematic study of the coupling reaction 

of AcAA on PAcA-S, THF was used as solvent (homoge- 

neous system), and DCI as activator, respectively. To 

establish the dependence of coupling drug amount, on 

the reaction parameters (AcAA/PAcA-S ratio, time and 

THF volume), the expements were performed according 
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270 DUMITRIU ET AL. 

Codded variables 

Real variable 

hCAA/PACA-S 

(mole/mole-COOH) , 

'1 
T i m e  (h) , x2 
Volume of THP 

W), x3 

Table 1 

Variables codification 

-1 682 

1.10 

12 .o 
20 .o 

-1 

1.35 

21.7 

28.1 

0 

1.65 

36 .O 

40 .O 

1 

1.95 

50.3 

51.9 

1 . 68; 
- 

2.20 

60.0 

60 .o 

to a centrate, rotatable, composed, seoond order 

degree experimental design. 

Variables codification and their variation limits 

are presented in the Table 1. 

By processing the experimental results on a 

SINCLAIR - SPECTRUM - Z peraonal computer, the coeffi- 

cinets of the regreesion equation correlating the AcAA 

coupled amount on the reaction parameters was obtained. 

Tt has the form: 

% AcAA = 14.333 + 3.766 x1 + 3.7 x2 + 5.173 x3 - 
2 2 - 0.64 x: - 0,821 x2 + 0.374 x3 + 0.224 

x1x2 + 0.309 x1x3 + 1.299 x2x3 
Analysis of the drug oontent in the coupling 

products was performed by the Kjeldhal method (nitro- 

gen dosage). 
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B I O A C T I V E  POLYMERS 6 2  2 7 1  

UV Spectral analysie o r  the reaction products was 

performed in THF solution, on a UNICAhl  spectrophotometer. 

IR Spectra have been recorded on a PERKIN-ELMER spectro- 

photometer. 

RESULTS AND DISCUSSION 

The AcAA coupling reaction is based on the di- 

rect condensation of the sulphonamidio group f rom drug 

with the carboxylic group of  the eupport (or of the 

chloroanhydrous one in the case of  CMC-Cl). When using 

X or PAcA-S as macromolecular supports, the reaction 

is activated by DCI. 

N-N 
II n pH>7 CMC-COCL + HzN-SO2-C, ,C-NH -COCH3 - 

c J - 1 
N- N 
II I I  

‘t?/ 

- CMC-CO-NH -SOz- C C -NH -COCH3 4- HCL 

P - s  
-k H+- Polymer - COOH 4- C\ 

0 
I I  - Polymer - C - 0 - C  
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t 

Sample 

1 

2 

3 

4 

5 

DUMITRIU ET AL.  

0 

NH-S02-F ,C-NH-COCH3 -t O=C 
N-N ,NH= 

4 
II II 

1 i-3 - Polymer-C 
\ 

- 

S 'NH- 

Polymer = xanthane, poly(acry1ic acid-co-styrene) 

On analysing the reaufts presented in Table 2, one 

can observe that the efficiency of the coupling reaoti- 

on is maximum when using PAaA-S a8 eupport in THP. 

Good reeults are also t o  be obtained when ueing DMSO 

as Bolvent (sample 51, on assuming that, by increasing 

the reaction duration over  24 h, the AcAA ratio in the 

coupling products I s  comparable with that obtained when 

using THP a8 eolvent. 

Table 2 

Influence of the Nature of the Macromoleaular Support 

and of Solvent upon Coupling's Effioiency 

Polymer 

~ ~ ~~ 

3dC-Cl 

K (KeltrolR) 

K (Ke l t ro lR)  

PAcA-5 

PAcA-S 

Solvent 

DMP 

THF 

DMSO 

THF 

DMSO 

4 

46 

46 

46 

24 

%AcAA in the 

c o up 1 ing 

produote 

4.92 

6.35 

5.55 

13.50 

8.00 
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BIOACTIVE POLYMERS 6 2  273 

The explanation f o r  such results, better as 

compared with those obtained when using polysacchari- 

dic supporte, lies in the utilization o f  the homoge- 

neous medium in which the reaction proceeds, and which 

favourizes the majority of the functional groups of 

the eupport. One can a160 observe that THF, too, may 

oonetitute the suitable solvent for the reaction o c w -  

rrenoe, ite presenoe induoing the chemioal bonding of 

some higher amounts of drug. Starting from these obser- 

vations, the systematic study of the coupling reaction 

of AcAA on PAoA-S - in THF solution - bee been under- 

taken, with a view to establishing the influence fac- 

tore ae well as the way in which they influence the 

procese. 

Preliminary experiments led us to the conclusion 

that the highest influence upon coupling is played by 

the drug/support molar ratio, THF volume and the reao- 

tion duration. Their acrtian upon the reaction, expres- 

sed by the variation of the AcAA amount chemically 

bound in the coupling products, is shown in Figure 1. 

One can thus observe that the coupling's effici- 

ency increases with the drug/support molar ratio (cum 

1). On working in the 1.1 - 2.2 mole AcAA/mole -COOH 

domain, the drug crontent in the ooupling products 

increases continuously, tending to a oonetant value 

at the superior liplit of the interval. In the aase of  
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I 1 I I I 1 -  

1.100 1.263 1.467 1.650 1.033 2.017 2.200 
AcAA 1 PAcA - S (mole/mole - COOHI 

L 1 1 I I 1 A -  
12 20 28 36 L4 52 60 
L I I I 1 I 1 

20.0 26.6 33.3 40.0 L6.6 53.3 60.0 

Time I h l  

VTHF (d ) 

FIGURE 1. Variation of the AcAA amount coupled accor- 

ding to the reaction parameters. 1 - AcAA/ 
PAcA-S ratio (mole/mole-COOH) (V = 40 ml THF; 

t = 36 h); 2 - Duration (V = 40 ml THF; AoAA/ 

PAcA-S ratio = 1.6 mole/mole-COOH); 3 - Sol- 
vent volume(AcAA/PAcA-S ratio = 1.6 mole/mole) 
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BIOACTIVE POLYMERS 6 2  275 

coupling all functional groups of the eupport, the con- 

tent of the drug in the reaction products should attain 

a value of 39.2%. which mean6 that the maxiumllm yield 

of reaction, attained in this case, i8 of approxima- 

tely 57%. Knowing that the increase of the AcAA/PAcA-S 

ratio over a value of 2 mole/mole-COOH does not induoe 

significant increase6 of the amount of coupled drug, 

the above - mentioned value may be thus considered as 

optimal. 

Duration influenoes highly the coupling procese 

(curve 2). On working on the 12 - 60 h time interval, 

one can observe a continuous increase of the percent 

o f  aoupled drug, up t o  approximately 50 h, thus indi- 

cating a8 optimal this duration of the reaction. 

The solvent volume represents another factor of 

importanoe (curve 31,  influencing even stronger the 

reaction, as compared with the other two above mentio- 

ned parameters. Increase of the THF volume inducee the 

continuous increase, with no tendency of stabilization 

to a constant value in the experimental field taken 

for study. The maximum coupling yield reaches a value 

of 70%, when working with AcAA/PAcA-S = 1.6 mole/mole 

-COOH ratio and a duration of 50 h. The explanation of 
suoh an influence is baeed on the interactions manife- 

eted  between the carboxylic groups of the copolymer, 

determining its various conformations - dependent on 
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the concentration. RMB Spectrosoopy, applied to the 

synthesized copolymer evidenced the presence of triadee, 

in a 1.31% (AcA-AcA-AoA) ,  ae! wesl as that of the 

AoA-AcA-S type (21%), which thua attests the existenoe 

of several neighbouring oarboxylic groups. On dieolving 

the copolymer in emall amounte of THF, by the interaa- 

tion of these neighbouring groups, a8 well as by inter- 

molecular interactions, quite complicated chain confor- 

mations are to be obtained. The reactivity of the fun- 

ctional groups ie reduced, as a consaquenoe of the low 

acceee of the activator and of the drug to the casbo- 

xylic groups. The coupling yield decreases, yet increa- 

sing with inereasing the dilution, when macromolecules 

acquire large conformations, releasing the -COOH groups 

from their interactions. 

One can thus appreciate that the efficiency of 

AcAA coupling on PXcA-S is maximum when taking the ma- 

ximum values of the studied parameters. 

Spectral characterization of a reaction product, 

synthesized under conditions of optimum, ehows clearly 

the chemical bonding of the drug to the macromolecular 

eupport . 
Thus, the UV absorption spectra (recorded in THF) 

(Figure 2) evidence, besides the abeorption bands at 

261, 263 and 271 m, which are characteristic t o  the 

polymer, a band at 267 nm, too,  due to the tiazo ring 

from the AcAA molecule. 
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BIOACTIVE POLYMERS 62 211 

FIGURE 2. UV Absorption speotsa. 1 - AoAA; 2 - PAcA-S; 
3 - Coupling product. 

At the game time, the general form of the spec- 

t rum of the coupling product is similar to that corree- 

ponding to the free drug. 

IR Spectrum (Figure 3 )  shows the bands characte- 

ristic to the secondary amide groups, at 1540 and 1670 

craw’ wave numbers, The acetylic groups absorbes at 1360 

an’’ For the R-S02-N-< group, two abeorption bands, 
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FIGURE 3 .  IR Spectra. 1 - LcAA; 2 - PACA-S; 3- coup- 

ling product. 
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BIOACTIVE POLYMERS 62 279 

at 1170 cm" and 1320 cm'l - corresponding to the 
vibrations of SO2 - are evidenced. The presence of the 
aromatic nucleus is manifested in the spectrum by the 

absorption bands at 1490, 1600 cm", while, in the 

1700 - 1730 cm-' field, the abosrption of the COOH 

group from the polymer appears. In the spectrum of 

the coupled produot, there are to be met all these 

absorption bande, along with some specific only to the 

drug: 1340 cm-' attributed to CH3-CO; 1530 and 1660 

cm" attributed to -NH-CO, as well a8 1800 cm'l attri- 

buted to a new group, of the R-CONH-S02 type, formed 

by coupling. All data obtained by spectral analyses 

evidence thus the coupling of AcAA on PAcA-S by cova- 

lent bonding. 

The diuretic effect of retarded acetazolamide - 
as compared with that the normal acetatolamide - was 
tested on rats. Claseical procedures were applied , 
using devices of urine contention and collecting. Male 

and female rats, forming batches of 6 indivfduels each 

( 3  males and 3 females) loo? 10 g in weight, have been 

given no food 24 h before the administration of the 

drug. The substances to be investigated have been admi- 

nistered per 08, using a probe, in 5 ml phyeiological 

salt, so that all animals should be given the same 

amount of active subetance (10 mg/Kg). The standard 

batch was administered phyeiological salt, exclusively. 

7 
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E - 9- 
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2 0.6 3 
,+ 1.8 
/ 

- *.- . L . - . - . - A  

Time ( h )  

FIGURE 4. Time variation of urine amount elimina- 

t e d  by rats. 1 - wittnass; 2 - to which 
a acetazolamide was administered; 3 - to 
which retard acetaeolamide waa adminis- 

tered.  

The amounts of urine eliminated after 3, 24 and 48 h 

were measured, the results obtained being listed in 

the Figure 4; they evidence a strong diuretical action 

of the retarded product. 

CONCLUSIONS 

The optimal condition8 for the reaction of acet- 

azolamide with the PAcA-S copolymer were established 

(the AcAA/PAcA-S ratio = 1.6 mole/mole-COOH; VTHp t 
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BIOACTIVE POLYMERS 62 281 

40 ml; time = 36 h). The structure of the retard drug 

has been analyzed by IR and UV spectroscopy. The di- 

uretic action of the retard acetazolam5de wa8 maintai- 

ned at a constairlt value, ranging between 24 - 48 h. 
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