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ABSTRACT
A series of retard drugs have been esynthetized by coupling

on a polysactharidic macromolecular support ( xanthan ), as well

as on supports of the acrylic acid copolymexr type. The active bio-
logical principle was represented by drugs such as acetazolamide,
ampicilline, nitrofuranéﬁ>, neomycine and streptomycine. The obtai-
ned drugs have been studied by thermal methods. Thus, information
has been gathered upon the influence of the chemical nature of
the suppors, and upon the type of the drug-support chemical bond
on the thermal stability of the synthesized products. This inves-
tigation led %0 the settlement of a thermal method for dosing

the coupled drug.

INTRODUCTION
Drug retardation on natural /1-2/ and synthetic /3-4/ macro-

molecular supporte has been largely developed lately, as a con-
sequence of the multiple advantages evidenced by this method, es-
pecially in chemosherapy. The process is performed by drug cou-~
pling on macromolecular supports, accompanied by the formation
of labile - covalent or ionic - bonds. The most widely used su-
pports are polysaccharides and their derivatives ( xanthan,

carboxymethylcellulose, starch, dextrane /5-7/) as well as syn-
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thetic polymers - copolymers of the acrylio acid, hydroxyethyl
methacrylate, etc /8-9/, their choice selection being determined
- mainly - by their biocompatibilisy.

The present paper describes the thermal behaviour of some

R' neomycine, stre-

drugs ( acetazolamide, ampicilline, nitrofurane
ptomycine ), in free form as well as retarded on xanthan, poly(ety-

rene-co-acrylic acid) and poly(vinylic alcohol-co-acrylic acid).

EXPERIMENTAL

The dhermal curves were recorded on a Paulik - Paulik ~ Erdey
( MOM Budapeet ) apparasus. The rune were made with samplesg of
45 -~ 50 mg, heated in air at a rate of 10°0/min, wishin the dem-
perature range 20 - 500°C. The activatien energies and the reac-
$ion orders for the destruction processes were calculated by the
Coata - Redfern method /10/ with a Pelix CE - 32 computer.

fhe thermal behaviour was characterized by taking into acco-
unt she degradation temperature ( Td ), referred %0 as the tem-
perature where weight loss begins, the ¥smperasure ranges of the
destruct¥ion s¥ages sa well as she weight loss percentage for

every stage.

RESUBTS ANRD DISCUSBION

The chemioal structures of the drug supports and the nature
of the drug - suppor+ bond determine their thermal behaviour.

The suppord analysed in this study wes xanthan, ¥%sken in 1ive
natural form ( as a salt of Na, K, Ca ) &nd also decatvionised,
es well ae two synshetic copolymers: poly(st$yrenme-co-acrylic
acid) and poly(vinylie alcohol-ce-acrylic acid), on which there
have been coupled - through covalent bonds - empioilline and
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nitrofuranJE)( on xanthan ), acetazolamide ( on she poly(styrene-

-co-acrylic acid) copolymer ) and - through ionic bonds - neomy-

cine ( on xanthan ) and s¥reptomycine on the poly(vinylic alcohol

~co-aorylic acid) copolymer.
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In the case of ampicilline ( Pig. 1, curve 2 ) the thermogra-
mme is being characterized by a weakly endothermal stage within
the temperature range of 140 - 220°C, and a weigh® loss of 22 %

( etage II ) ( Table 1 ). As in she 155 - 220°0C ¥emperasure ran-
ge xanthane is stable ( the weight loss being aboutv 2 - 2.5% ),
stage II on the derivatogramme of xanthan - retarded ampicilline

( weight losses of 9 % ) ( Pig. 1, curve 3 ) has thus %o be co-
rrelated with stage II from the ampicilline derivasogramme - shis
idea being also supported by the weakly endothermal aspect of

the DTA curve, in both cases. Through calculations, one may ob-
%ain a percentage of aboud 30 % ampicilline grafsed on she supp-~
ors, which is in agreement with the value found through the chemi-

cal method /11/.
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Pig. 1. DTA and TG of xanshan (1), Pig. 2. DTA and TG of decabi-

ampicilline (2) and ampicilline oniged xanthan (1), nisrofu-

retarded on xanthan (3). . rane® (2) and nisrofuran
revarded on decabvionised xan-
than.

Thermogravimetric analysis of nitrofurano® ( Pig. 2, ocurve 2 )
shows an explosive decomposidion ab 230°¢. Thermogrammes obbained

for the support ( decatsionized yanthan - Pig. 2, ourve 1 ) and fer
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TABLE 1
Thermal properdies of suppors, drugs and retarded drugs

Starting oom- Thermogravimetric data
ponent
Td Degra- Temperature Weight Activa- Reactien
dation range loeses #ion order
° atepe ° energy
(°0) (*0) (%) (Kcal/mol)
—3 Z_ 3 [ 3 5 3 1
Xanthan 50 I 50 - 18% 15.5 12.9 1.5
1I 210 - 315 42.5 31.4 0.0
III 315 - 475 15.5 - -
Ampicilline 55 I 55 - 140 14.0 9.9 0.0
II 140 - 220 22.0 20.1 0.0
I1I 220 - >500 - - -
Ampicilline 55 I 55 - 155 9.0 13.6 2.1
retarded II 155 - 220 9.0 40.1 2.5
on xanthan III 225 ~ 340 42.0 29.3 1.0
Iv 340 - >500 - - -
Xanthan 45 . 4 45 - 160 13.% 13.1 1.8
decationized II 160 - 345 47.0 20.9 0.0
IIT 345 - >500 - - -
Niirofnrug 230 1 230 - - - -
Nitrofuran 50 1 50 - 140 10.5 12.0 1.6
revarded on 11 155 - 375 53.5 19.2 2.5
xanthan IIT 375 - >%00 - - -
Acetazolamide 235 1 235 - 280 37.0 - -
1T 280 - 3 22,0 - -
IIT 330 - 440 16.0 - -
Poly(s¥yrene 290 I 290 - 425 90.0 - -
-co-acrylic acid) 11 455 - 550 10.0 - -
Acevagolamide 125 1 125 - 220 9.0 - -
retarded on II 220 - 260 2.0 - -
poly(styrene- III 260 - 435 79.0 - -
co-acrylic acid) 1v 465 - 570 10.0 - -
Neamycine 65 I 65 - 190 17.5 11.5 2.2
sulphate II 190 - 240 13.0 88.2 1.7
IIT 240 - 355 36.0 55.3 2.5
Iv 355 - >500 - - -
Neomycine re- 45 1 45 - 150 14.0 11.6 1.8
tarded on 11 180 - 240 14.0 28.9 0.3
xanthan I1I 240 - 330 36.0 T2.4 2.5
IV 330 - >500 - - -
Poly(vimylio 45 I 45 - 155 8.0 13.0 2.%
aloohol-co- I 155 - 460 60.0 14.8 2.5
acrylic acid) III 460 - >500 - - -
Streptomycine 50 1 50 - 190 11.5 13.0 2.1
sulphatve 1T 190 - 230 10.0 53.5 1.1
IIT 230 - 390 36.5 9,2 0,0
Iv 390 - >500 -’ - -
Strepvomnycine 40 I 40 - 135 15.0 13.2 2.5
retarded on II 135 - 205 10.0 49,2 2.5%
poly(vinylioc I11 20% - 285 15.0 - -
alcohol-co~ Iv 285 - >%00 - - -

aorylic acid)
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ni.'imfnranJD retarded on xanthan are net different with regard %o
the scope of the PG and DTA curves; it is only the second sbage
of the thermal decomposition that evidences a weight loss higher
than 6.5 % - in tshe oase of the retarded drug.

The thermogravimetric curve of neomycine sulphate ( Pig. 3,
durve 2 ) shows a weizht lose stage ( the second ) hetween 190
and 240°C, which i@ characterized by a higher reaction rate and
a weight loss of 13 %. The support ( xanthan ) does not lonse
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Pig. 3. DTA and TG of xanthan (1), Pig. 4. DTA and TG of poly

neomycine sulphate (2) and nec~ (styrene-co-acrylic acid) (1),

aycine revarded on xanthan (3). scetazolanide (2) and acetd-
azolamide retarded on poly
(sdyrene-co-acrylic acid) (3)

i%e weight within 190 - 215°G, yes, from 215°¢ on, a significand
process of decomposition occurs, going onm up %o 315%C ( Pig. 3,
ourve -2 ). Due %o the superposivien of the two processes, of de-
composition - of she suppors and of neomyoine sulphate - the exact
establishment of the drug's part in the global weights loas within
this tempersture range is not% possible. Neverthelesas, it is obvi-
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ous that neomycine sulphate is present in this siructure, she loss
weight being much stronger shan that characterizing she support.

Thermogravimetric and thermodifferential analysis was perfor-
med on & coupling product having an acetazolamide contents of 11.5%;
at the same $ime, the free drug and the suppors polymer have been
analysed. The acetasolamide thermogramme evidences the fact that
weight losses are manifested beginning at a temperature of 235eC,
being spaced out in four steps ( Pig. 4, curve 2 ), The support
copolymer is being decomposed starting from 290°C in two steps
( Pig. 4, curve 1 ). The coupling product begins %o losse weight
starting from 125°C. In the firet stage, weight losses up to 9%
oceur in the temperature range of 125 to 200°0, being accompanied
by a slight endothermal effect. In the secomd stage ( 220 - 260°¢ ),
losses - of abous 2 ¥ - are accompanmied by a considerable exother-
mal effect. These two stages may be attriduted $o druz detachment
off the suppors and its decomposition, Thums, the drug ratio in the
coupling product is about 11 %. The following two decomposition
stages correspomd to the support degradation. The coupling product,
having a maximum drug content, has been tested im vivo, showing
retard diuretic activisy /11/.

The poly(vinylic alcohol-co-acrylis acid) copelymer is being
used as support in the retardation of streptemycine. I%s $hermo-
grazme ( Fig. 5, ourve 1 ) evidenoes that, up 155%°0., it is relati-
vely stable, the weight less being enly 8 % ( stage I, bvempera-
‘dure range 45 - 155°C ) On the whole, the copelymer has three de~
composition sbagee. In stage 1II, up %o a temperature eof 460'0. le-
sses are signifiocant up 49 60 %.

Streptomycine sulphate haa four stages of thermal decompositien
( rig. 5, curve 2 ), which are %0 be found, tee, on the derivade-
gramme of retarded streptomyocine ( Pig. 5, curve 3 ). Altheugh the
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—g Pig. 5. DTA and TG ef
-3 poly(vinylic alcohel-ce-
j acrylic acid) (1), stz-
DTA 3 sptomycime sulphate (2)
and stwepteomycine re-

s 'TE\\f"% tarded em pely(¥inylio

oy aloshel-ce-acrylic acid)
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slope ef the TG curve is similar for streptomycine and for iss re-
tarded form, the DTA ourve ef retarded streptomycine is much simi-
lar in i%s aspect to that ef the copolymer used as suppert ( Pig. 5.

One may thus conclude that, in all examined cases, the metheds
of thermal analysis demomstrate the advantiages of drug coupled om
supperts. The thermal stability of retarded drugs is given by the
thernal stability ef the supperts and mnot by that ef: the starting
drugs.

CONCLUSIONS

Thermedifferential analysis of retarded drugs led te the cenclu-
sion that the slope ef DTA and DTG curves depends upen the struc-
ture of the support and of the drug. In certain situations, where
the superpositien of the decompesition stages doee not eccur, as
1t is the case of nedmycine retarded en xanthan and that of acet-
aselanide en the poly(styreme-co-acrylic acid) cepelymer, the me-
thed of thermodiffsrential analysis may be appilied in establi-
shing the amount ef drug bound on the support.
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