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Summary 

The adsorption characteristics of oral anticoagulants on some selected antacids 

were studied. The indanedione anticoagulants tested were: phenindione and (Ii- 

phenadione; while the coumarin anticoagulants tested were: dicoumarol, ethyl 
biscoumacetate, nicoumalone, phenprocoumon and war-far-in. 

The antacids or adsorbents used were: aluminium glycinate, aluminium hydrox- 
ide, bismuth carbonate, bismuth salicylate, bismuth subgallate, bismuth subnitrate, 
calcium carbonate, charcoal, dihydroxyaluminium sodium carbonate, magaldrate, 
magnesium carbonate, magnesium oxide. magnesium trisilicate and kaolin. 

Adsorption of phenindione was significant on charcoal and magnesium oxide. 
Aluminium hydroxide, bismuth carbonate, subnitrate and salicylate adsorbed 
phenindione to a lesser extent. Other substances showed relative weak a.dsorption 
properties. Diphenadione, on the other hand, was adsorbed on most substances 
tested. 

The extent of dicoumarol adsorbed was quite high on bismuth carbonate, 
salicylate and subnitrate as well as on magnesium oxide. It was intermediate on 
,aluminium glycinate and magaldrate. The amount of the anticoagulant adsorbed on 
aluminium hydroxide, bismuth subgallate and magnesium trisilicate, under the 
experimental conditions, was quite low. Glycine was found to reduce the amount of 
dicoumnrol adsorbed on bismuth c.arbonate and to a lower extent on magnesium 
oxide, while it had a negligible effect on the amount adsorbed on bismuth subnitrate. 
The other coumarin derivatives showed no or very low adsorption tendencies for the 
substances tested, with the exception of charcoal, bismuth subnitrate and salicyl,ate. 

Adsorption isotherms were plotted for phenindione and dicoumarol. 
The dissolution of phenindione decreased in the presence of the adsorbling 
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substance especialfy in acidic medium. The dissolutiol~ of di~oum~ol in the presence 
of magnesium oxide was also decreased. 

introduction 

Oral anticoqgulants are derivatives of either indane-1,3-dione or 4-hydroxy- 
coumarin. The indandione derivatives, phenindione and diphenadione, are com- 
monly used oral anticoagulants~ Due to their enolizable keto group (Shapiro et al., 
X960), they possess specific interaction tendencies. Fhenindione was shown (Mortada 
and Khalil, 1977) to undergo complex formation with polyvinylpyrrolidone. The 
interaction was found to be pH-dependent and apparently involved the unionized 
farm of the drug. Moreover, being carbon acids 1 (Stella and Gish, 1979a, and b) 
phenindione and diphenadione undergo non-instantaneous 2 ionization kinetics 
which may lead to non-classical behaviour in phase transport studies (Stella, 1975). 
Interaction of coumarin anticoagulants with various substances was the subject of 
many reports. For example, solid-solid surface interactions between dicoumarol and 
some excipients were shown to occur in vitro (Lath <and Bighley, 1970). ~icoumarol 
was also reported (Cho et al., 1971b) to form a soluble complex with pol~ii~ylpyr- 
rolidone. 

In vivo studies performed by measuring plasma levels of dicoumarol in dogs and 
in vitro dissolution rate tests indicated that significant differences in the bioavailabil- 
ity of dicoumarol from commercial products do exist (Akers et al., 1973b). Reports 
dealing with the effect of selected antacids and excipients on the in vivo absorption 
of warfarin and dicoumarol also appeared in the literature (Robinson et al., 1971; 
Ambre and Fislher, 1973). Concomitant administration of dicoumarol with some of 
these antacids inhibited or potentiated the anticoagulant effect depending on their 
type and amoul~t (Akers et al., 1973a; Ambre and Fisher, 1973). 

The prevention and therapy of t~omboemboli~ vascular diseases may be ex- 
tended over long periods of time. Lack of data concerning interaction of oral 
anticoagulaats in solution with concomitantly administered antacids and antidi- 
arrhoeals, initiated the present in vitro study. In vitro experiments are usually 
simple, easy to interpret and shoufd with careful col~sideration of the results help to 
predict interactions that might take place in the GIT. The detection and evaluation 
of such potential interactions, through the performance of adsorption-elution ex- 
periments is the aim of the present study. Effects of antacids or adsorbents on the 
dissolution of some drugs was also tested. 

’ Carbon acids are acids in whtch the disso~i~~~in~ proton is bound to a carbon ntom instead of tt 

heteroatom such as oxygen or nitrogen, 

’ The conversion <of the acid to its basic component and vice versa lake plnc: dc)wcr than the tkdcnce 

times in the diffusion layer. 
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The anticoagulants tested were phenindio~e 3 powder or tablets 4Y diph~~adione 5, 
dicoumarol 6, warfarin I. nicoumalone *, phenprocoumon 9, and ethyl btiicoumace- 
tate *. The antacids and antidiarrhoeals employed were: aluminium hydroxide (El?.), 
aluminium glycinate (BP.), bismuth carbonate (B.P.C.), bismuth salicylate (BP. 
19531, bismuth subgallate and subnitrate, both of the B.P.C. grade, calcium carbonate 
(B.P.), dihydroxy:&tminium sodium carbonate (U.S.N.F.), kaolin (B.P.C.), magal- 
drate to (U.S.P.), light magnesium carbonate (B-P.), light ma~esium oxide (I&P.) 
and magnesium rrisilicate (B.P.) Charcoal (B.P.C.), a model adsorbent, was used for 
comparative reasons. 

Glycine, polysorbate 80, ethanol, sodium bicarbonate, sodium hydroxide, hydro- 
chloric acid and glacial acetic acid of ph~maceutic~ grade, were also used. 

Solutions of the drugs ranging in concentration from 0.7 to 50 mg,flCrO ml were 
freshly prepared, either in 0.014 N sodium bicarbonate or in 0.01 N hydrochloric 
acid. In each case, the medium contained 3% v/v ethanol to increase drug solubility” 
20 ml of each drug solution was added to 100 ml stoppered conical flasks containing 
1 g of antacid or adsorbent except in ease of magaldrate I’. A blank for the 
adsorbing materials was afso prepared in the same way but without drug. A flask 
containing drug solution of known concentration without the adsorbent was also 
prepared and treated in the same manner. This solution was used as a control to 
check for any change in drug stability. The effect of 5% w/v glycine on the 
adso~tioi~ of dicoumaroi by some ~tacids was also tested. A control flask contain- 
ing dicoumarol solution with 5% w/v glycine was also prepared. The flasks were 
dipped in a thermostatically controlled water bath at 37*C and shaken (45 cycles 
per minute}. A period of 18 h was found sufficient to attain equi~bration. At the end 
of this time, the content of each flask was filtered firstly through a Whatman no. 1 
filter paper then through a Millipore filter (0.45 pm). The concenttaiion of di- 
phenadione in the filtrate was d~ter~n~ spe~trophotomet~~lly t2 in an ethanol-&l 
N sodium hydroxide mixture (19 : 1) at 284 nm, while phenindione, warhtrin, 

’ Courtesy of the Nile Co. for Pharmaccutuxd.~ and Chemical Industries, Catro, A.R.E. 
’ Dinderan 50 mg; The Nile Co. for Pharnlaccuti~als and Chemical Industries, Cam-, A.R.E. Pr&xed 

under liucncc of Evans Medical, U.K. 
’ Courtesy of the Upjohn Co. U.K., Kalamazoo, MI, U.S.A. 
’ Nutritional ~i~hemicals C~~rati~n, U.S.A. 
’ Signa Chamicals, USA. 
’ Ciba-Geigy, Barle, Switzerland. 
’ Hoffman La Roche, Wasle, Switzerland. 

“’ Riopan suspcnsm~. Ayerst Laboratories; Montreal, Canada. 
” 5 ml of Riopan suspension ~~ontainius 400 mg nlagaidr~te) was used. 
I2 Umcam SP 1800 L;wictrophotometer, 



nicoumalone, phen~}r’~oumon and ethyl biscoumacetate, in 0.014 N sodium bi- 
carbonate were measured at 278, 308, 304, 310 and 310 nm, respectively. Di- 
coum,arol, was read in 0.1 N sodium at 312 nm. Some bismuth salts interfered with 
the assay of the drugs at their X,,,. The position of the X,,, of phenindione 
~uilibral~ed with bismuth subnitrate was found to shift to 269 ram. Spectrophot~ 
metric reading was then done at this wavelength for this system. Bismuth salicylate 
also interfered with the assay of the drugs. The wavelength of minimum absorption 
(260 run)1 for bismuth salicylate was therefore used to measure phenindione con- 
centriation and the wavelength of 328 nm was used in case of the coumarin 
derivatives. No ~terfere~~e from the other adsorbents or from glycine on the assay 
of the various drugs was observed. When glycine was used in conjunction with 
magnesium oxide and dicoumarol, 0.014 N sodium bicarbonate instead of 0.1 N 
sodium hydroxide was used as the diluting medium to prevent the slight precipita- 
tion of magnesium hydroxide which occurs on using sodium hydroxide. The filtrate 
from the antacid suspensions without drug was similarly analyzed and appropriate 
blank corrections were done. Under the experimental conditions used, no change in 
the oolour of the control solutions nor in their absorbing properties was observed. 
The pH of drug solutions and of some selected filtrates was measured. 

The possibility of desorption of the drugs from the antacids or adsorbents was 
also investigated using 0.014 N sodium bicarbonate as eluent. The residue of the 
filtration process wzs dried at room temperature and shaken for 3 h in 100 ml eluent 
at 37°C. The quantity of the drug desorbed in the filtrate was then determined as 
previously mentioned. 

The dissolution rate of phenindione tablets (50 mg) was deter~ned using the 
U.S.P. XIX dissolution apparatus. The dissolution medium consisted of 500 ml (at 
37“C) of either 0.01 N hydrochloric acid or 0.014 N sodium bicarbonate with or 
without 5 g antacid or adsorbent. The basket was rotated at 100 rpm. In the case of 
dicoumarol, the US-P. paddle stirrer apparatus was used (U.S.P. XX, NF XV), as 
the drug was in powdered form. 50 mg of powdered di~oumarol were sprinted over 
500 ml of the dissolution medium in absence and presence of 5 g magnesium oxide. 
Sodium Ibicarbonate (0.014 N) containing 0.02% w/v polysorbate 80 kept at 37 OC 
was the dissolution medium. The inclusion of a surfactant in the dissolution medium 
served to reduce surface tension to simulate in vivo conditions and to decrease the 
tendency of drug particles to float or accumulate at the surface. The paddle rotated 
at 50 rpm. A 5 ml sample was removed at various time intervals and carefully 
replaced by 5 ml fresh medium. Samples were properly filtered, diluted alrd t.heir 
drug content assayed as previously mentioned. A blank antacid suspension was also 
prepared and its pH measured. 

Results arnd Discussion 

Tables 1 and 2 show the amount (percent) of thle anticoagulants adsorbed per 
gram, adsorbent. Bismuth salicylate, bismuth subnitrate and charcoal adsorbed all 
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the drugs tested. With the exception of diphenadione, calcium and magnesium 
carbonate as well as dihydroxyalu~nium sodium carbonate did not adsorb the 
drugs. The adsorbing power of the other substances was variable according to the 
type of drug tested. For example, phe~di#n,~ and di~umi~r~l were bighly adsorbed 
onto magnesium oxide and bismuth carbonate, while the adsorption of ethyl 
biscoumacetate, warfarin, nicoumalone and phenprooonmon on the same substances 
was low or even zero. 

The degree of interaction with the adsorbents can be modified by changes in the 
size, shape and polarity of the i~teract~g drug molecule (Blaug and Gross, 1965; 
Khalil and Iwuagwu, 1978). Charcoal adsorbed all anticoagulants tested. Drugs are 
known to penetrate or diffuse into Fissures, pores or channels present in the charcoal 
particles, (Sorby, 1965). Ethyl bis~~acetate showed a relatively low adsorption 
value on charcoal, compared to either dieoumarol or to the singIe ring derivatives, 
probably due to its high molecular weight (Sorby? 1965). The adsorption of the 
anticoagulants on bismuth salicylate and subnitrate (pH of suspensions - 5.1 and 
3.0, respectively) was quite high. The pH solubility effect may be partly responsible 
for the observed decrease in the concen~ation of the drug in sohition. The low 
results of elution from bismuth subnitrate in sodium bicarbonate sob&ion, suggest a 
strong binding between the drugs and bi~mu~ substrate. 

The adsorption isotherms of phenindione as an example of an indandione 
derivative and of dicoumarol as an example of a coumarin derivative:, on the various 
adsor~nts, obtained by plotting xfm I3 (mg drug adsorbed per gram adsorbent~ 
versus Ce (concentration of drug in mg/lOO ml at equilibrium) are &own in Figs. 1 
and 2. The adso~tion of phenindione and dicoum~ol on most adsorbents used 
obeyed the Freundlich adsorption isotherm (Fig. 3): 

The Freundli~h constant K represents the mount of drug adsorbed per unit weight 
of adsorbent at a unit drug concentra&n. The constant n rep:resents the amount of 
drug adsorbed for a given concentration change., i.e. the relative strength of the bond 
between the drug and the binding site (Gangian et al., ‘1980). The slopes and 
intercepts (Table 3) of the various adsorption isotherms were calculated using the 
least-squares method. 

Adsorption of phenindione on magnesium oxide from alkaline solution was fairly 
high (K = 0.746) (Table 3). Magnesium oxide was previously shown (Haines and 
Msrtin, 1961a) to give in sodium bicarbonate solution a cement-eke ~~st~~ne 
substance (Mg2(QH)&0,) as a result of chemical bonding due to hydration effects. 
This crystalline structure may provide new adoption sites or1 the surface (Giles et 
ul., 1960). The adsorption isotherm of pheni~rdione on magnesium oxide (Fig. 1) was 
of the S-type, This implies a side-by-side a:ssolciation between adsorbed molecules 
helping to hold them to the surface in a vertical position (Giies et al., 1960). 

I7 x/m values represent in some cases apparent v&es because the pH of the adsorbent s~s~ns~on may 
decrease the amovnt of drug in solution or the adsorbent may react with the medium. 
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Fig. 1. 

‘T 

5 10 15 20 25 30 35 40 45 

C, mg/lOOml 

Fig. 2. 

4- 

Fig. 1. Adsorption isotherms of phenindione on magnesium oxide (0 -a); bismuth carbonate 

(O- q ); bismuth salicylate (A -----A); bismuth subnitrate (O- 0); aluminium glycinate 

(A- A): aluminium hydroxide (m- n ): and dihydroxyaluminium sodium carbonate 

(O- 0). 0 

Fig. 2. Ad ,orption isotherms of dicoumarol on bismuth carbonate (O- n); bismuth salicylate 

(A- A); bismuth subnitrate (O- a); magnesium oxide (O- *); aluminium glycinate 

(A -------A); ahuninium hydroxide (W----- w): and dihydroxyaluminium sodium carbonate ((3 - 0). 

I 

01 10 10 100 

Ce mg/lOOml 

FQ. 3. Freun’dlich adsorption isotherms of: (a) phenmdioue on charcoal (CD--- 0) (C‘, values 
presenied in the figure are x 10): magnesium oxide (O- 0); brsmuth carbonate (O- a); and 
alummium hydroxide (m- m). (b) diannnarol (dotted lines) on bismuth carbonate (D- Cl); 
magnesrum oxide (o- a); magaldrate (0 - 0): aluminlum glycinate (A-- A); and 
aluminium hydroxide (L+----- 0). 
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TABLE 3 

FREUNDLICH ADSORPTION ISOTHERM CONSTANTS FOR AN? KX%KXJLANTS-ANTA- 
CIDS a INTERACTIONS 

-- 
Adsorbent 

--- 
Phenindione Ik0UlIMlOl 

--- 
nb KxlOZC nb KXl02 

Ahuninium 
glycinate 3.1 0.004 1.3 5.8 
Aluminium 
hydroxide 3’ .., 0.008 0.7 4.3 
Bismuth 
carbonate 3.3 d 0.003 d 0.4 = 80.0 ” 
Bismuth 
salicylate 0.7 59.600 
Charcoal 0.7 1487.000 
Dihydroxyalumin- 
ium sodium 
carbonate 2.5 0.100 - - 

Magaldrate - - 1.5 2.6 
Magnesium 
oxide 1.1 74.600 1.0 65.0 

----- 

* Drug dissolved in 0.014 N sodium bicarbonate in 3% v/v ethanol. 
b The amount oi drug adsorbed per unit weight of adsorbent for a given concentration change. 
c The amount of drug adsorbed per unit weight of adsorbent at a unit drug concentration. 
d Calculated from the linear part of the Freundlich adsorption isotherm. 
e For 0.6 c Ce c 2 mg/lOO ml. 

Phenindione, a weak acid (pk, - 4.6) will be mainly ionized at the pH of magnesium 
oxide suspension (pH - 9.9). Moreover, having a fairly large hydrophobic residue 
( > C,), it is expected to exhibit a marked localization of the forces of attraction for 
the polar substrate over a short section of its periphery (Giles et al., 1960). Low 
elution of drug from the surface of magnesium oxide was consistent with its 
relatively high n value (Table 3). Suspending magnesium oxide in acidic medium 
increased the pH to - 8.7. Adsorption of phenindione on magnesitim oxide from 
this medium was also high (Table 1) and probably involved as well the ionized form 
of the drug. 

The adsorption of phenindione on aluminium cont,aining antacids (aluminium 
hydroxide, aluminium glycinate and dihydroxyaluminium sodium carbonate) sus- 
pended in sodium bicarbonate solution gave S-type isotherms (Fig. I) similar to 
magnesium oxide. However, relatively low K values (Tabl,e 3) were obtained indicat- 
ing low capacity of these antacids for the drug. Evidence of covalent interaction 
between carbonate anions and aluminium hydroxide was previously shown (Fdd- 
kamp et al., 1981). Thus, a competition for the antacid surface between the drug and 
bicarbonate ions may exist. The pH of aluminium hydroxide suspension in sodium 
bicarbonate solution is 7.8 (Table 1). This pH is quite near the isoelectric point or 
zero point charge (- 8.5) of aluminium I hydroxide Vanderlaan et al,, 11979). 
Aluminium hydroxide will thus possess a slight net posit,ve charge. Therefoire, it can 
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be assumed that phenindione anions are attach4 more or less ~rti~ally to surfac<: 
sites by ion-ion attraction. The high n value of the Freundlich adsorption isotherm 
of phenindione on aluminium hydroxide (Table 3) and the relatively low drug 
elution (Table 1) confirm the previous assumption. The adsorption of phenindione 
on aluminium hydroxide from acidic medium (pH of suspension - 6.5). on the other 
hand, was greater than that from alkaline medium (Table I). This may be due tc9 the 
decreased solubility of the drug in acid medium, associated with a re&ction in 
charge d,:nsity on phenindione molecules, leading to lower repulsian of iikr ehr 
during the process of adsorption. In acid medium, the aluminium hydroxide rrurfaw 
itself will also carry a positive charge of somewhat higher density than in alkaline 
medium, thus favouring ion-ion attraction. Similarly to aluminiunr h\;droxidr. 
adsorption of phenindione on aluminium glycinate was much more evident from 
acidic than from alkaline medium (Table 1). 

The first part of the adsorption isotherm of phenindione on bismuth submtrtttc 
from alkaline medium, was slightly convex (Fig. 1). This indicates that as more sit,% 
in the substrate are filled. it becomes more difficult for a solute molcculc to hcl a 

vacant site. However, further increase in solute concentration ovcrcmne this vnlt 
barrier and resulted in a shark, rise of the isotherm indicating the formation of ;L 
layer (Giles et al., 1960). The pH of bismuth subnitrate suspension in sodium 
bicarbonate solution was _ 3. Adsorption of pheninindione on bismuth subnitratc IL 
not mainly a pH solubility effect since similar adsorption occurred when the dru 
was initially dissolved in acidic medium (Table 1). Bismuth subnitrate was prc\_ 
ously reported (Haines and Martin. 1961 b; Rlaug and Gross. 1965) to ~OWSS strong 
adsorbing properties. Attachment of phenindionc molccul~ through their kslo 
function to water tightly held on surface sites of bismuth subnitrate (tiamss ;Ind 
Martin, 1961b) could take phrce. The smdl portion of ioni& m&x.& wauPd get 
attached by ion -ion attraction to the positivr bismuth surface atoms (Schott, 16%). 
J.,ow elution results (Table I) coIlfirmed the strong binding hctwtin phcnmdrernr 
molecules and the bismuth subnitrutc surf:rcc. 
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ts that the adsorbed drug mokcules lie more or less fiat 
short inflection, arising in the adsorption 

y indicate that the adsorbed molecule:; 
s the SmM2 affinity for more solute as the original surface 

and the inflection rises steadily representing a multilayer 

on mast antacids tested (Table 1). The low solubility 
ium (!%apiro. 1960) may account for its general 

concentration used. EIution results were 
-able 1). on oboe n confirms the strong adsorption. 

nt study were either single- or 
viour of the 3 single-ring coumarin 
procoumon was quite sin&u. This is 

po~ibly due to the minor vwiartisns in their structure. Nicoumalone differs from 
warfarin only by the pr of a nitro group, while warfarin differs from 
~he~~~~~~u~u by the pre~ns~ of a dimethyl ketone side-chain instead of an ethyl 
Atut. D433umaroI and ethyl hi mwtiate are double-ring coumarin derivatives. 
However, thq did mt exhibit a similar adsorption tendency for the adsorbents 
tat& The prwnex of an acetyl tide-chain in ethyl biscoumacetate imparted some 

hilie chasaoter to the molecule. In addition, the side-chain in ethyl biscoum- 
xet;Pte may have prc\.enttuf ;Idsorptian through a steric hindrance effect (Blaug and 
G~os, 1963). On the other hand, the presence of intramolecular hydrogen bonding 
in the dicoumarol molecule as well as the absence of hydrogen bonding with water 
h:tivc bmxn prcvic~sly reported (Cho et al., 1971a). This may have decreased the 
~~?~u~~lit~ of dicoumaro! and incrawd its adssrption tendency. Moreover, di- 
c~umrr~A has tts uctlve group exposed for direct interaction with xhe adsorbent, 
\thrlr th4z produce of the sid--&am in ethyl biscoumacetate may shield such group 
fr-ram c10ti c%mtpL’t wtth the adsorbent surface. 

The stra>na ~ut~r~~ctin~ tendency of dicoumarol with btsmuth compounds may be 
due to the fo~~~~~~ng fact. I~rc~~umsrol is a weak acid (pk, for the first ionization 
- 4.4 and for the =0nii - 8) (Cho et ul.. 19fla). The negative charge produced by 
thr: fiplbt ionr ‘b exFted to increase the electrouegativity of the oxygen atom in 
the c&ony ipnd ~~~~~u~nt~y its ability for hydrogen bonding (Cho et al., 
~9~~~~ and is ~PSO c.tprxxed to incrrt;rse its tendency for bonding to the positive sites 
tn Plsmuth subnttwtc surface (Scho.c, 1976). At the pH f bismuth carbonate, ( - 8). 
d~~~~‘~rn~~~~ starts nde of dicoumarol will exist as 
t itr ?~~~~~~-t~~~~j~~ it3 species). IX-ionized dicoumarol 
o**&sta und o ton ton. con ilip& or hydrogen bonding (Cho et al.. 3971a). The 
;ttWunt d~~~~~~~~~~~~l adored cm bismuth subnitrate and oalic$ate was higher 
th.at~ that WI ~~~~~uth ~r~~~~te (Tahb 2). At the higher pH of bismuth carbonate. 
d~~~‘~~~u~~~~~~ IS n~6~~~ ronis_ed and more ~&bls, so we can pclstulate that there is a 

n thr ~1~~1~~~ m&it1 nd the ad,sorbent surface for the drug. At 
muth suhmtraw an ioylatc WC have a shift of the equilibrium 

sorpuon incrWses* 
rms of diwumslrvll on the various adsorbents tested are 



318 

shown in .Fig. 2. No adsorption studies were done from acid medium because of the 
limited solubility of dicoumarol in acid (0.5 mg/l or 1.5 X 10m6 mol/l) (Cho et al., 
1971a). From Fig. 2, it is obvious that unlike the plot of the adsorption of 
dicoumarol on bismuth carbonate, the adsorption behaviour of dicoumarol on 
bismuth salicylate and subnitrate followed the H-type isotherm (Giles et al., 1960). 
This is a special case of the L-type in which the solute in dilute solution is 
completely adsorbed or at least there is no measurable amount remaining in 
solution. The relatively higher elution value (Table 2) obtained with bismuth 
salicylate compared to bismuth subnitrate may be attributed to the presence of 
weaker attraction forces as a result of its hydrophobic part. 

Magnesium oxide exhibited relatively low adsorption properties to most coumarin 
derivatives except dicoumarol. Magnesium oxide-dicoumarol residue, after filtra- 
tion, was lcoloured yellow orange suggesting the formation of a dicoumarol-mag- 
nesium chcilate. Previous studies using diffuse reflectance spectroscopy revealed a 
solid--solid interaction between dicoumarol and ma.gnesium oxide (Lath and Bigh- 
ley, 1970). Dicoumarol was also shown (Bighley and Spivey, 1977) to form a soluble 
chelate with1 magnesium oxide under certain conditions favouring its solubility. 

Magnesium carbonate contains magnesium atoms and gives nearly the same pH 
as magnesium oxide; however, it did not adsorb dicoumarol from solution (Table 2). 
The availability of the metal portion may differ due to satisfied valency requirements 
by binding to adjacent atoms (Lath and Bighley, 1970). 

Aluminium glycinate and magaldrate had a rather strong affinity for the drug 
(high n value) but a low capacity (10~ K value) (Table 3). 

Dicoumarol showed relatively low adsorption properties on either magnesium 
trisilicate or aluminium hydroxide in the concentration range studied (Table 2 and 
Fig. 2). These results are contrary to those reported using diffuse ref zctance 
spectroscop;y which indicated the presence of a solid-solid interaction between 
dicoumarol and these antacids (Lath and Bighley, 1970). Aluminium hydroxide was. 
also shown ((Akers et al., 1973a) to decrease the bioavailability of dicoumarol when! 
given in certain amounts to dogs. Adsorption of the drug from solution probably is 
not the only factor responsible for such reported decrease at least at the pH and in 
the concentration range used. It is suggested that the effect observed in vivo is also 
the result of the influence of aluminium hydroxide on the gastric emptying rate 
(Hurwitz and Sheehan, 1971). 

Addition of glycine (5% w/v) to the solution of dicoumarol resulted in a decrease 
in the amount of drug adsorbed on bismuth carbonate, bismuth subnitrate and 
magnesium oxide (- 37, 4.5 and 12% decrease, respectively, using an initial con- 
centration of - 7 mg/lOO ml). Glycine was shown to get adsorbed on some surfaces 
and to decrease the adsorption of bovine serum albumin on porous glass (Mizutani 
and Mizutani, 1978). Glycine is expected to compete with the drug for positive 
adsorption sites on bismuth carbonate since the ltmino acid will bear mainly a 
negative sign in the alkaline medium of the antacid. On the other hand, in acidic 
medium in pre ience of bismuth subnitrate, glycine will bear a positive charge 
resulting in reduction of its adsorption on the positive bismuth sites of bismuth 
subnitrate. In case of magnesium oxide, glycine increased the amount of magnesium 
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ions leached from magnesium oxide surface probabIy through formation of mag- 
nesium glycinate in solution. Thus, magnesium ibnc ~91 be less available to chelate 
with dicoumarol on the surface of the antacid. 

The results of the ~ssolution study are shown in Fig. 4. The effect of antacids on 
the dissolution rate of phenindione tablets in alkaline medium, was in general slight, 
In acidic medium, however (Fig. 4), the aluminium and to a lesser ext.ent the bismuth 
~om~unds, had a decreasing effect on the di~lution of the drug. Ma~~iurn 
trisihcate, on the other hand, enhanced markedly the dissolution rate of the drug. 
This effect may be associated with lack of drug adsorption on the antacid in 
addition to the alkalinity imparting effect of magnesium trisilicate. Reduction in the 
dissolution rate of phenindione in the presence of aluminium and btsmuth contain- 
ing compounds may partiahy be due to the obvious adsorption of the drug on theqe 
antacids in acidic medium (Table I). 

Ttme man. 

Fig. 4. Dissolution rate of pbenindione in &Cl1 P’ hydro&x~c acid in absence (0 -- 0); and in 
presence of aluminjum ~ycinat~ (a ----a); a? .~rn~~~~urn hy~~r~~d~ {A -A); ~j~smuth wbouate 

(0------ u): bismuth subnitrate (W -----a); and magnesium trisilicate (0 -e). 
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The relative increase in the viscosity of the dissolution medium due to the 
presence of the collo.idal aluminium compounds, may also affect the dissolution of 
phenindione. The gel structure and viscosity of aluminium hydroxide may be 
affected by changes of pH and ions present in the medium (F’eldkamp et al., 1981). 

In the acidic pH of the stomach, slow dissolution rate of phe~ndione in presence 
of these antacids and its subsequent adsorption on their surface prior to its passage 
to the duodenum (where absorption is expected to be optimum), may become 
important factors ir decreasing its bioavailability. 

On the other hand, magnesium oxide was found to decrease the dissolution rate 
of dieoumarol (- 46 and 53% decrease after 10 and 30 mm, respectively) in spite of 
its alkali~ty-imparting effect (pH of dissolution medium - 10). The decrease in the 
dissolution rate is probably due to adsorption of the drug on the antacid which may 
have outweighed the expected increase in dissolution resulting from the formation of 
a soluble dicoumarol-magnesium chelate. The present in vitro results are contrary to 
in vivo reports (Akers et al., 1973a; Amber and Fisher, 1973) which indicated a 
promoting effect of magnesium oxide on the availability of dicoumarol. This 
discrepancy may be in part due to the complexity of the biological system affecting 
the solubility of the chelate as well as the release of magnesium ions from the antacid 
surface. 

The observed in vitro results may not exactly mimic in vivo conditions. However, 
the ~n~n~t~t administration of anticoa~Iants with antacids or antidi~rhoe~s 
should onfy be made under rigid drug monitoring especially for drugs of little 
solubility with a slow and erratic absorption like dicoumarol. Further in vivo studies 
on human subjects are still needed to determine the exact consequence of the 
co-administration of antacids and antidiarrhoeals with orat anticoagulants. 
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