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IN VITRO ADSORPTION STUDY OF DRUGS BY VARIOUS EXCIPIENTS

BAZI ILAC ETKEN MADDELERININ CESITLI YARDIMCI MADDELER TARAFINDAN
SORPSIYONUNUN 1IN VITRO INCELENMESI
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Department of Pharmaceutical Technology, Faculty of Pharmacy, Ankara University, 06100 Ankara, Turkey

The purpose of this study was to investigate by in
vitro method whether a sorption phenomena took place
and in which ratios it occurred when excipients talc,
kaolin, microcrystalline cellulose, ethyl cellulose, Aerosil
200, Carbopol 934 having absorbent properties are
present in the formnulations of drugs containing procaine
HCI, ephedrine HCI, caffeine and methylene blue or
when excipients are taken concomitantly with these drug
while they are present in different formulations. The
adsoption of drugs was investigated both in distilled
water and pH values where the drugs showed optimum
stability. Among the drugs used, under the investigation
conditions, ephedrine HCI and caffeine were found not
to be adsorbed while procaine HCI and methylene blue
were adsorbed to a significant extent. The fitness of resulls
obtained to various adsorption isotherins were investigated
and the type of the isotherms that the adsorption fitted
was determined and was found that the adsorption of
procaine HCl and methylene blue in all cases obeyed
the Langmuir isotherm. In order to determine the di-
mensions of extent of adsorption and to make comparison
between the excipients, the adsorption capacities of
excipients were calculated and Aerosil 200 was found
to possess the highest adsorptive capacity while ethyl
cellulose possessed the lowest. In order to determine
the relationship between the adsoption capacities and
particle sizes of excipients, the particle sizes of excipients
were analysed. Aerosil 200 was found to have the smallest
particle size while ethyl cellulose was found to have
the biggest. While for ethyl cellulose and Aerosil 200
there was a direct correlation between the particle sizes
and adsorption capacities however, the samne parallelism
is not seeen at other excipients.

Calismamuzda prokain HCI, efedrin HCI, kafein
ve metilen mavisi olmak iizere dort farkly etken maddenin
ilag formiilasyonlarinda, adsorban dzellik gdsteren
yardimer maddelerden talk, kaolin, mikrokristal seliiloz, -
etil seliiloz, kolloidal silisyum dioksit (Aerosil 200) ve
Carbopol 934 bulunmast veya bu etken ve yardimct
maddelerin ayri formiilasyonlarda yer alip, bir arada
kullammlary halinde, bunlar arasinda sorpsiyon olaywn
$07 konusu olup olmadigimn in vitro olarak incelenmesi
amaglandu.

Etken maddelerin adsorpsiyonlar, distile su ile
optimum dayamiklilik gdsterdikleri pH ortamlannda
incelendive kullamilan etken maddelerden efedrin HCI
ve kafein inceleme sartlary altinda hi¢ adsorpsiyona
ugramazken, prokain HClve metilen mavisinin yardimct
maddeler tarafindan onemli miktarlarda adsorbe
edildikleri goriildii. Elde edilen sonuglann cegitli
izotermlere uygunlugu arastinildi ve ortaya ¢ikan
adsorpsiyonun daha ¢cok Langmuir adsorpsiyon izo-
termine wyun sagladigy goriildii.

Olusan adsorpsiyon miktarin boyutlarim ortaya
koymak ve kullanilan yardunct maddeler arasinda
bir karsdastirma yapmak amactyla yarduncr maddelerin
adsorpsiyon kapasiteleri hesaplandi ve Aerosil 200'iin
en yiiksek, etil seliilozun ise en diisiik adsorpsiyon
kapasitesi gosteren madde olduklary bulundu.

Yardunct maddelerin partikiil biiyiikliikleri ile ad-
sopsiyon dzellikleri alasmdaki iliskiyt de ortaya koymak
200'iin en kiigiik, etil selulozun ise en buyuk partzkul
capwma sahip yardunct madde olduklar: goriildii. Aerosil
200 ve etil seliiloz icin partikiil biiytikliikleri ile adsopsiyon
kapasiteleri arasinda bir korelasyon soz konusu iken,
diger yarduncy maddelerde aym paralellik goriilmemigtir.

Keywords : Adsorption; Stability; Procaine HCl;  Anahtar kelimeler: Adsorpsiyon; Stabilite; Prokain
Ephedrine HCL; Caffeine HCI; Efedrin HCI; Kafein
Introduction

In pharmaceutical dosage formulations the
problems related to drug-excipient interactions
are frequently encountered and some changes
may occur in the stability and therapeutic
efficacy of drugs due to these interactions.

The purpose of this study was to investigate
by in vitro method whether a sorption phe-
nomena as a physico-chemical drug-excipient

interaction takes place when excipients talc,
kaolin, Aerosil 200, Carbopol 934, mic-
rocrystalline cellulose and ethyl cellulose having
adsorbent properties are present in the for-
mulations of drugs containing ephedrine HCI,
procaine HCI, methylene blue and caffeine
or when they are present in different for-
mulations but are taken concomitantly.
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Materials

Agents and excipients: Procaine HCL (Merck), ephedrine
HCI (Sigma), caffeine (BDH), methylene blue (Hoechst),
talc (BDH), kaolin (Sigma), ethyl cellulose (BDH),
Aerosil 200 (Degussa), Carbopol 934 (Goodrich),
microcrystalline cellulose (Baker).

Equipment: Mechanical shaker (Niive, SL 3905),
microscope (Nikon AFM), spectrophotometer (Pye-
Unicam, SP8-100), pH meter (Beckman H4), centrifuge
(Hettich, Rotofix), magnetic stirrer (Heidolph, MRO).

Methods

Certain amounts of excipients were added into the
aqueous solutions of drugs prepared at different con-
centrations. The suspension and colloidal solution samples
were placed in a mechanical shaker and agitated at Toom
temperature for 4 time which was adequate (o attain
cquilibrium. At the end of this period the suspension
and isotherm samples were centrifuged at certain rotations
for certain times determined beforehand. The supernatant
solutions were analysed for residual drug concentrations.
The adsorptions of drugs by excipients were investigated
both in distilled water and various pH mediums where
they showed the optimum stability. Langmuir and
Freundlich isotherms were used for the kinetic evaluations
in the systems where adsorption was observed. The best
isotherms that the adsorption fitted were determinad
by regression analysis. To make comparison between
the excipients used about their adsorption properties
the adsorptive capacities were calculated in the systems
that obeyed the Langmuir isotherm. To investigate the
effect of pH on the extent of adsorption the pH of
suspension and colloidal solution samples were analysed
(1-86).

Results and Discussion

The centrifuge rotation, centrifuge and
agitation times used in the experiments are seen
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Fig.1. Langmuir adsorbtion isotherm for procaine HCI
by talc in distilled water
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in Tables 1 and 2. Ephedrine HCI and cafteine
were found not to be adsorbed by excipients
both in distilled water and in pH mediums
where they showed optimum stability. As
seen in Tables 3-6 the absorbancy values
calculated at t=0 were constant at =24. Procaine
HCI and methylene blue were found to be
adsorbed to a significant extent. The adsorption
of procaine HCI by various excipients in
distilled water and in pH=4.0 phosphate bufter
in most cases obeyed the Langmuir isotherm
(Tables 7,8) while adsorption on Carbopol
934 in pH=4.0 medium obeyed Freundlich
isotherm.

Langmuir and Freundlich adsorption
isotherms for procaine HCl in distilled water
and in pH=4.0 phosphate buffer are shown
in figs. 1-22. Table 9 shows the adsorption
of methylene blue on various excipients
obeying the Langmuir isotherm. Figs. 23-32
represent the Langmuir isotherms for
methylene blue.  The adsorptive capacities
of adsorbents were calculated from the slopes
of Langmuir isotherms. As shown in Table
10 Aerosil 200 possessed the highest adsorptive
capacity while ethyl cellulose possessed the
lowest. The results of particle analysis indicated
that Aerosil 200 had the smallest and ethyl
cellulose had the largest particles sizes (Table
11). For ethyl cellulose and Aerosil 200 there
was a direct correlation between the particle
sizes and the adsorption capacities however,
the same parallelism was not observed for
the other excipients used.

The pH analysis of suspension and colloidal
solution samples are shown in Table 12.
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Fig.2. Langmuir adsorbtion isotherm for procaine
HCl by kaolin in distilled water
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Fig.3. Langmuir adsorbtion isotherm for procaine
HCl by Aerosil 200 in distilled water
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Fig.5. Langmuir adsorbtion isotherm for procaine
HCl by ethyl cellulose in distilled water
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Fig.7. Linear Langmuir adsorbtion isotherm for procaine
HCI by kaolin in distilled water
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Fig.4. Langmuir adsorbuon isotherm for procaine

HCI by microcrystalline cellulose in distilled

water
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Fig.6. Langmuir adsorbtion isotherm for procaine
HCl by talc in distilled water
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Fig.8. Linear Langmuir adsorbtion isotherm for procaine
HCl by Aerosil 200 in distilled water
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Fig.9. Linear Langmuir adsorbtion isotherm for procaine
HCI by microcrystalline cellulose in distilled
water
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Fig.11. Langmuir adsorbtion isotherm for procaitie
HCI by talc in pH= 4.0 phosphate buffer
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Fig.13. Langmuir adsorbtion isotherm for procaine
HCI by Aerosil 200 in pH= 4.0 phosphate
buffer
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Fig.10. Linear Langmuir adsorbtion isotherm for procaine
HCl by ethyl cellulose in distilled water
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Fig.12. Langmuir adsorbtion isotherm for procaine
HCI by kaolin in pH= 4.0 phosphate butfer
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Fig.14. Langmuir adsorbtion isotherm for procaine
HCI by microcrystalline cellulose in pH= 4.0
phosphate buffer
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Fig.15. Langmuir adsorbtion isotherm for procaine
HCI ethylene cellulose in pH= 4.0 phosphate
buffer
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Fig.16. Freundlich adsorbtion isotherm for procaine
HCl by Carbopol 934 in pH= 4.0 phosphate

buffer
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Fig.17. Linear Langmuir adsorbtion isotherm for procaine
HCI by talc in pH= 4.0 phosphate buffer
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Fig.19. Linear Langmuir adsorbtion isotherm for procaine
HCI by Aerosil 200 in pH= 4.0 phosphate buffer
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Fig.18. Linear Langmuir adsorbtion isotherm for
procaine HCI by kaolin in pH= 4.0 phosphate
buffer
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Fig.20. Linear Langmuir adsorbtion isotherm for procaine
HCI by microcrystalline cellulose in pH= 4.0
phosphate buffer
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Fig.21. Linear Langmuir adsorbtion isotherm for procaine
HCl ethylene cellulose in pH=4.0 phosphate

buffer
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Fig.23. Langmuir adsorbtion isotherm for methylene
blue by talc in distilled water

12 ¢
X'm
(ma/g) 10 _W
3 L
6
4 L
2+
0 ) Il L 1 1 1 |
0 2 4 85 8 10 12 14 16

C (mg/100 ml)

Fig.25. Langmuir adsorbtion isotherm for methylene
blue by Aerosil 200 in distilled water
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Fig.22. Linear Freundlich adsorbtion isotherm for procaine
HCl by Carbopol 934 in pH=4.0 phosphate

buffer
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Fig.24. Langmuir adsorbtion isotherm for methylene
blue by kaolin in distilled water
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Langmuir adsorbtion isotherm for methylene
blue by microcrystalline cellulose in distilled
water
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Fig.27. Langmuir adsorbtion isotherm for methylene
blue by ethylene cellulose in distilled water
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Fig.29. Linear Langmuir adsorbtion isotherm for
methylene blue by kaolin in distilled water
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Fig.31. Linear Langmuir adsorbtion isotherm for methylene
blue by microcystalline cellulose in distilled
water
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Fig.28. Linear Langmuir adsorbtion isotherm for
methylene blue by talc in distilled water
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Fig.30. Linear Langmuir adsorbtion isotherm for
methylene blue by Aerosil 200 in distilled

water
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Fig.32. Linear Langmuir adsorbtion isotherm for

methylene blue by ethylene cellulose in distilled
water
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