
ST = 52.048 - 0.324s - 0.955P - 0 . 2 3 2 ~ ~  
+ 0.016sP - 0.053s’ - 0.O03s2P (Eq. 6) 

By computer simulation, the three-dimensional contour systems 
were produced from these equations. The mathematical models are 
shown in Figs. 7 and 8, respectively. As was found from disintegration 
time measurements, decreasing the compaction pressure increased 
the generated surface area of the tablet fragment with all formula- 
tions. However, with this test, the highest values of surface area oc- 
curred with formulations containing 2.5% intra-12.5% extragranular 
starch and 15% intragranular starch. On the basis of this test, these 
formulations should be selected, not the one containing 15% extra- 
granular starch, as found from BP disintegration test determinations. 
This test also shows that there are large differences in surface area 
values for starch combinations less than 10% intra-5% extragranular, 
a fact not shown by simple disintegration time measurements. In 
addition, the common practice of incorporating 5% extragranular 
starch into a formulation actually produced the lowest values of 
surface area, again a fact not shown- by simple disintegration time 
measurements. 

This new type of disaggregation test appears to be particularly 
sensitive. It is capable of monitoring small formulation differences 
with a high degree of precision and of producing an index that is more 
directly reiatable to tablet dissolution. The official disintegration test, 
however, may produce misleading results, because the insensitivity 
of the test can mask real and significant differences between tablets. 
The new disaggregation test reported here thus appears to provide 
a more sensitive tool for evaluating the disintegrating properties of 
tablets. 

CONCLUSIONS 

The authors consider that the official disintegration test is only 
sufficiently sensitive to detect gross differences between tablets. An 
alternative and more sensitive technique is proposed; it utilizes an 
automated counter and measures the surface area generated per tablet 
during disintegration. This new disaggregation method was used to 

show that the optimum starch combination in a tablet formulation 
is either 2.5% intra-12.5% extragranular or 15% intragranular starch 
alone. Furthermore, the distribution of starch will not affect the re- 
sultant hardness of the tablets and, to achieve maximum generation 
of surface area, tablets should be compacted a t  as low a pressure as 
possible. 
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Dissolution Characteristics and Oral Absorption of 
Digitoxin and Digoxin Coprecipitates 

RANJIT K. REDDY, SAID A. KHALIL *, and 
M. WAFIK GOUDA 

Abstract A marked increase in the dissolution rates of digitoxin 
and digoxin was attained by dispersing the drugs in two inert solid 
carriers, poloxamer 188 and deoxycholic acid. The 1 and 10% (w/w) 
drug-carrier solid dispersions were prepared by the solvent method. 
The former dissolved significantly faster than the latter. The oral 
administration of (w/w) digitoxin-carrier coprecipitates to mice 
significantly increased toxicity. This observed increase is attributed 
to an increase in the rate and, possibly, the extent of oral absopption 
of the drug. Although a 10% coprecipitate of digoxin in both carriers 
showed an increase in the dissolution rate, no increase in oral toxicity 
was diffraction patterns indicated that both digtoxin 
and deoxycholic acid undergo crystalline modifications due to 

treatment by the solvent, but the exact nature of the drug-carrier solid 
dispersions was not revealed. 

Keyphrases 0 Digitoxin-coprecipittes with inert solid carriers, 
dissolution and oral absorption, mice 0 Digoxin-coprecipitates with 
inert solid carriers, dissolution and oral absorption, mice 0 Dissolu- 
tion-digitoxin and digoxin, coprecipitates with inert solid carriers, 
mice 0 Absorption, ord-digitoxin and digoxin, coprecipitates with 
inert solid m i e n ,  mice 0 Coprecipitates-digitoxin and digoxin with 
inert solid carriers, dissolution and oral absorption, mice Dosage 
forms-digitoxin and digoxin coprecipitates with inert solid carriers, 

and Oral absorption* mice 

It is well documented that the bioavailability of di- 
goxin from commercial tablet dosage forms is not uni- 
form (1-7). Furthermore, the absorption efficiency from 
tablets is considerably less than from an oral solution 
(6,8). Solid dosage forms of digitoxin are also suspected 
of exhibiting bioavailability differences (9). 

Mortar grinding increased the dissolution rate of 
three digoxin samples studied (10). Tablets and capsules 
of digoxin made after crushing material that passed the 
BP requirements gave higher area under the concen- 
tration-time curves than did formulations made of the 
same material before crushing (11). It was concluded 
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that particle size may be an important determinant of 
digoxin bioavailability. .A comparison of human plasma 
digoxin levels after administration of tablets made from 
particles of 3.7-, 12-, and 22-pm diameter showed that 
the smaller the particle size, the higher was the plasma 
level (12). A number of reports (6,7,13) correlated di- 
goxin tablet dissolution rate in uitro to biological 
availability, showing that the absorption of this drug is 
dissolution rate limited. 

As noted previously (14), if a drug is more rapidly 
and/or more completely absorbed from solution than 
from a solid form, its absorption is quite likely to be 
dissolution rate limited. Slow dissolution results in in- 
complete, erratic, and unpredictable absorption, and 
the potential for variability in absorption increases 
greatly with incompletely absorbed drugs. The purpose 
of this study was to improve the dissolution of digitoxin 
and digoxin to reduce the variability in their absorption. 
The usefulness of solid dispersions of poorly soluble 
drugs in inert carriers for increasing their dissolution 
rate has been widely reported (15-28). Soluble carriers 
such as povidone, polyethylene glycol, urea, citric acid, 
and succinic acid and poorly soluble ones such as de- 
oxycholic acid, lithocholic acid, and cholic acid have 
been used. 

In this report, the effects of coprecipitating digitoxin 
and digoxin with two carriers, poloxamer 188 and de- 
oxycholic acid, on the in uitro dissolution rate and oral 
absorption in mice are presented. Deoxycholic acid in- 
creased the dissolution and absorption of reserpine (23, 
26) and nitrofurantoin (27). To the authors' knowledge, 
poloxamer 188 has not been used previously to prepare 
solid dispersions of drugs. It is a block polymer of eth- 
ylene oxide and propylene oxide, with an average mo- 
lecular weight of 8350. It is highly water soluble (>lo 
g/100 ml at  25') and is currently used medicinally as a 
fecal softener. It is a nonionic surfactant which was 
shown to have no membrane effects (29). High molec- 
ular weight polymers are expected to form interstitial 
solid solutions with many drugs (22). Because it pos- 
sesses these properties, poloxamer 188 was investigated 
for its possible use as a matrix for solid-dispersing in- 
soluble drugs. 

EXPERIMENTAL 

Materials-Digoxin', digitoxin2, poloxamer 1883, and deoxycholic 
acid4 were used as received. All other chemicals were either USP or 
analytical grade. 

Preparation of Coprecipitates-The 1 and 10% (w/w) drug- 
carrier coprecipitates were prepared by dissolving the two Components 
in 95% alcohol. The solvent was removed under vacuum in a rotary 
evaporator5 at room temperature; the vacuum was maintained over- 
night. The material was then scraped and screened, and the fraction 
that passed through an 80-mesh sieve and was retained on a 100-mesh 
sieve was used. Precipitated digitoxin and digoxin were prepared by 
treating them in a similar manner in the absence of any carrier. 
Physical mixtures composed of 1 and 10% (w/w) of the drugs and 
carriers were prepared by mixing the components on paper with a 
spatula. 

Analysis of Drug  in Coprecipitates-Two to four accurately 

Lanoxin, lot 57177, Burroughs Wellcome Co. 
Lot W11097, supplied by Eli Lilly and Co. :' Pluronic F-68, supplied by Wyandotte Chemical Co. 

4 Nutritional Biochemicals Corp. 
Rotavapor-R. Brinkmann Instruments. 
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Figure 1-Dissolution of digitoxin from poloxamer 188 test prep- 
arations. Key: ., untreated drug; ., treated drug; V, 10% physical 
mixture; O, 1% physical mixture; 6,1070 coprecipitatqand a, 1 % 
coprecipitate. 

weighed fractions of the coprecipitate were dissolved in alcohol and, 
after suitable dilution with water, were subjected to the described 
assay procedure. The drug content was between 98.8 and 102.2%. 

Dissolution Rates-The dissolution characteristics (under 
nonsink conditions) of (a) pure digitoxin and digoxin, ( b )  precipitated 
digitoxin and digoxin, ( c )  digitoxin and digoxin in 1 and 10% (w/w) 
coprecipitates, and ( d )  physical mixtures of the drugs with the carriers 
were determined. In all cases, 80-100-mesh powders (particle size 
149-177 pm) containing 15 mg of drug were used. All dissolution ex- 
periments were carried out with samples not more than 2 days old. 

The beaker method of Levy and Hayes (30), with slight modifica- 
tion, was employed. The dissolution medium consisted of 500 ml of 
water maintained at 37' in a 1-liter beaker immersed in a constant- 
temperature water bath. Stirring was provided by a three-blade, 
4.45-cm diameter polyethylene stirrer6 rotating a t  60 rpm and dipped 
in the water to 3.5 cm. The test system was added to the dissolution 
medium, and 5-ml samples were removed as a function of time and 
analyzed for drug content. Five milliliters of the dissolution medium 
was added back to the beaker after each sampling. Each experiment 
was done in duplicate. A cumulative correction was made for the 
previously removed samples (31). 

Solubility Determinations-The equilibrium solubility of digi- 
toxin and digoxin in water at 37O was determined, and the effect of 
the carriers on the solubility of the drugs was studied. Excess drug was 
placed in erlenmeyer flasks along with 20 ml of water or 20 ml of water 
and carriers. The flasks were tightly stoppered and equilibrated in 
a water bath shaker'. Equilibrium solubility was determined by re- 
petitive sampling. 

Assay Procedure-The colorimetric method of Mesnard and 
Devaux (32) was employed, with slight modification, to assay for the 
amount of digitoxin and digoxin in solution. The presence of the 
carriers did not interfere with the assay. To 3 ml of drug solution was 

f. Nalge, No. 6160. 
' Metabolyte, New Brunswick Scientific. 
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Figure 2-Dissolution of digitoxin from deoxycholic acid test 
preparations. Key: ., untreated drug; 0 ,  treated drug; A, 10 and 
1 % physical mixtures; 6,10% coprecipitate; and 0 ,  1 % coprecip- 
itate. 

added 0.5 ml of 0.01 N periodic acid in 0.1 N H2S04. After allowing 
a 10-min oxidation period, 1 ml of 2% sodium arsenite solution in 0.5 
N HC1 was added to stop the oxidation. Four milliliters of the mixture 
was added to 4 ml of a 0.6% aqueous solution of thiobarbituric acid, 
adjusted to pH 2, in a 10-ml volumetric flask. The flask was heated 
in a boiling water bath for 20 min, after which it was cooled to room 
temperature and the volume was made up with distilled water. The 
absorbance was determined at  530 nms against a blank treated simi- 
larly. The slopes obtained from Beer's law plots were used to deter- 
mine drug concentrations in the dissolution and solubility studies and 
in analyzing the coprecipitate systems for drug content. 

The direct spectrophotometric assay for digitoxin was tried first. 
Filtration of the sample through the membrane filtersg used drasti- 
cally increased the absorbance of the solution at  220 nm. 

Protocol for In Vivo Studies-The GI absorption characteristics 
of digitoxin and digoxin were assessed by comparing the relative oral 
toxicity of pure drugs, 10% (w/w) physical mixtures with the carriers, 
and 10% (w/w) coprecipitates. Male albino micelO, 16-30 g, were de- 
prived of feed 1G18 hr prior to drug administration. Water was freely 
allowed. The drugs were administered by gastric intubation as a 
suspension in 0.5% (w/v) methylcellulose (100 cps) aqueous vehi- 
cle. 

The concentration of the suspension was adjusted such that the 
dose to be administered would be contained in a volume of 0.2 ml 
(digitoxin) and 0.4 ml (digoxin)/lO g of body weight. The animals were 
returned to cages after drug administration, and food and water were 
allowed ad libitum. The number of deaths in the next 168 hr was 
noted. The 1% coprecipitates were not investigated because the dose 
to be administered would have been prohibitive. 

X-Ray Diffraction Studies-Powdered samples were packed 
firmly on an aluminum slide having a cavity with a glass window. All 

* Beckrnan ACTA CIII. 

lo Horton Laboratories, Oakland, Calif. 
Millipore, 0.45-rm filters. 

diffraction spectra" ,were obtained by scanning at 2O/min in terms 
of a 26 angle. 

RESULTS AND DISCUSSION 

Digitoxin Coprecipitates-The dissolution characteristics of 
digitoxin-poloxamer 188 test preparations are illustrated in Fig. 1. 
Digitoxin in both 1 and 10% coprecipitates dissolved at a significantly 
faster rate than the pure drug. The 1% coprecipitate released the drug 
much faster than the 10% coprecipitate. The former contained 11 
times as much poloxamer 188 as the latter. Complete dissolution of 
the carrier in the 1% coprecipitates yielded a 0.297% solution, about 
three times the critical micelle concentration (CMC) value of this 
surfactant (33). 

Surfactants increase the dissolution rate of drugs because of low- 
ering of interfacial tension, which results in an increase in the effective 
surface area of the drug, or due to micellar solubilization. Therefore, 
the effect of two poloxamer 188 concentrations, 0.027 and 0.297% 
(corresponding to the 10 and 1% coprecipitates, respectively), on the 
dissolution of digitoxin was studied. Digitoxin dissolved at a faster 
rate in the presence of both concentrations of the surfactant. Equi- 
librium solubility in these surfactant solutions at  37" was determined. 
No difference between the solubility of digitoxin in water (0.62 mg/100 
ml) and in the surfactant solutions was observed. This result indicates 
the lack of drug-carrier interaction in the concentrations employed. 
The slightly faster dissolution of the drug in the more concentrated 
poloxamer 188 solution (Fig. 1) might be due to better wetting of the 
drug. 

Figure 2 shows the dissolution of digitoxin from the deoxycholic 
acid test systems. Both coprecipitates dissolved much faster than the 
pure drug, and the 1% coprecipitate dissolved faster than the 10% 
coprecipitate, at least in the initial stages. The dissolution of digitoxin 
from both the 1 and 10% physical mixtures proceeded at  equal rates. 
The studies with physical mixtures indicated that the mere presence 
of the carrier in an amount equivalent to that present in the copreci- 
pitates was not responsible for the enhanced dissolution of digitoxin 
from the coprecipitates. Equilibrium solubility studies indicated that 
there was no interaction between digitoxin and deoxycholic acid. 

Digitoxin is known to form solvates with alcohol which are stable 
in uacuo (34). Since drug solvates may have markedly different rates 
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Figure 3-X-ray diffraction spectra of treated ( top )  and untreated 
(bottom) digitoxin. 

Norelco, Philips Electronic. 
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Figure 4-X-ray diffraction spectra of untreated ( top )  and treated 
(bottom) deorycholic acid. 

of dissolution compared to the pure drugs (35), the effect of treating 
(dissolving in alcohol and removing the solvent in oacuo) digitoxin 
on its dissolution was studied. As shown in Fig. 1, treated digitoxin 
dissolved a t  a slightly faster rate than did the untreated sample. To 
determine if digitoxin had undergone any crystalline modifications 
due to solvent treatment, X-ray diffraction spectra were obtained. 
Treated digitoxin (Fig. 3) had a diffraction spectrum different from 
the untreated digitoxin, indicating the possibility of polymorphic 
modification or solvate formation. The X-ray diffraction pattern ruled 
out the possibility that  solvent treatment changes digitoxin to an 
amorphous form. The small difference in the dissolution rates of the 
pure and precipitated digitoxin does not account for the considerably 
faster dissolution of the drug from the coprecipitates. 

Since these facts indicate that the enhanced dissolution of digitoxin 
from the coprecipitates cannot be fully accounted for as due to surface 
tension lowering by the carriers, drugxarrier complexation, or solvate 
formation, other factors must be considered. The enhanced dissolu- 
tion of the coprecipitated digitoxin could be due to its presence in an 
amorphous state, as a high energy polymorph, in a microcrystalline 
state, or as a solid solution. The X-ray diffraction technique has been 
used to study solid dispersions (36-38). In the present study, the di- 
gitoxin coprecipitates as well as the physical mixtures showed the 
diffraction patterns of the carriers only. Simple dilution with the 
carriers masked the diffraction peaks of digitoxin. Hence, the X-ray 
studies neither confirmed nor ruled out any of the mentioned possi- 
bilities as the specific cause of enhanced drug dissolution from the 
coprecipitates. The X-ray diffraction pattern of deoxycholic acid after 

Table I-Oral Toxicity of Various Digitoxin Preparations 
in Micea 

Number o f  Mortal- 
Test System Animals Deadb ity,  % 

Digitoxin 6 20 
Digitoxin-poloxamer 188C 29  9 7  

Digitoxin-deoxycholic acidc 30 100 
coprecipitate 

coprecipitate 

physical mixture 

physical mixture  

Digitoxin-poloxamer 18% 11 31 

Digitoxin-deoxycholic acidc 9 30 

Poloxamer 188d 0 0 
Deoxycholic acide 0 0 

a A dose of 70 mg of digitoxinikg was administered as a suspension 
in 0.5% methylcellulose. Thirty animals were used for each test sys- 
tem. Animals were observed for 7 days postadministration. A 700- 
mg/kg dose was administered containing 10% (w/w)  digitoxin. d A 
2.7-gikg dose was used. e A 630-1ngikg dose was used. 
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Figure 5-Dissolution of digorin from poloramer 188 test prepa- 
rations. Key: e, treated drug; 0, untreated drug; A, 10 and 1% 
physical mixtures; 8, 10% coprecipitate; and 0, 1 %  coprecipi- 
tate. 

solvent treatment (Fig. 4) indicated a change in i ts  crystalline nature. 
There was no change in the X-ray spectrum of poloxamer 188 due to 
solvent treatment. 

Both the poloxamer 188 and deoxycholic acid coprecipitates 
achieved supersaturation, but there was no indication of drug pre- 
cipitation and decline toward the equilibrium value, as was the case 
with a digitoxin-povidone coprecipitate (28). A distinct difference 
existed in the pattern of dissolution of the poloxamer 188 (Fig. 1) and 
deoxycholic acid (Fig. 2)  coprecipitates. The drug from the former 
went into solution rapidly during the first 30 min, but there was almost 
no change in the amount of the drug in solution after this period. In 
contrast, the deoxycholic acid coprecipitates released digitoxin over 
a greater time. This difference in the release pattern of the drug could 
be due to the differences in the solubilities of the two carriers in water. 
Since poloxamer 188 is highly soluble, it dissolves rapidly and all drug 
dispersed in it comes in contact with the dissolution medium. De- 
oxycholic acid, because of its low solubility, does not let all of the 
dispersed drug come in contact with the dissolution medium imme- 
diately. The shapes of the dissolution curves of the deoxycholic acid 
coprecipitates (Fig. 2) suggest that  the initial steeply rising portion 
may represent the dissolution of the drug present on the surface of 
the carrier or the dissolution of a high energy or amorphous form of 
the drug. Once this surface-dispersed or high energy form dissolves, 
the dissolution is rate limited by the leaching out of the drug in the 
interior of the cariier or by the erosion of the drug crystals. 

Preliminary in uiuo absorption studies were undertaken to find if 
the in uitro dissolution enhancement of digitoxin from its coprecip- 
itates increases in the GI absorption of the drug. Drug absorption from 
the test preparations was assessed indirectly by determining their oral 
toxicity. Oral drug absorption was assessed by determining the 
number of deaths in mice given the same dose of digitoxin as pure 
drug, as a 10% drug-carrier physical mixture, and as a 10% coprecip- 
itate (Table I). 

The administration of digitoxin as the poloxamer 188 coprecipitate 
caused a significant ( p  < 0.001) increase in its oral toxicity, but the 
administration of the physical mixture did not result in any significant 
change. Administration of up  to 2.7 g of poloxamer 188 alonekg did 
not result in any toxicity to the mice, in agreement with the reported 
toxicity of poloxamer 188 (39). The mice that received the poloxamer 
188 coprecipitate died a t  a much earlier time than those receiving the 
other two preparations. While 62% of the deaths resulting from the 
coprecipitate occurred between 12 and 36 hr after administration, only 
33% of the deaths due to the pure drug occurred in 72 hr. 

Table I also summarizes the results of the toxicity studies with 
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Table 11-Effect of Poloxamer 188 and Deoxycholic Acid 
on the Solubility of Digoxin in Water at 37" 

15 
Test System 

Solubility, 
mg/100 ml 

Water 3 .41  
Poloxamer 188 in  concentrat ion 4.11 

equivalent to 10% coprecipitate 

equivalent to 1 %  coprecipitate 

equivalent to 10% coprecipitate 

equivalent to 1% coprecipitate 

Poloxamer 188 in  concentrat ion 5.38 

Deoxycholic acid in concentrat ion 4.62 

Deoxycholic acid in concentrat ion 4.25 

deoxycholic acid test preparations. Like the poloxamer 188 copre- 
cipitate, the deoxycholic acid coprecipitate caused a significant (p 
< 0.001) increase in oral toxicity. Once again, the mice receiving the 
coprecipitate died much earlier than those receiving the other two test 
forms. Of 30 mice that received only deoxycholic acid in amounts 
present in the coprecipitate, none died. Therefore, the inherent tox- 
icity of deoxycholic acid is not a contributing factor to the enhanced 
toxicity of the coprecipitated drug. 

Although these toxicity studies suffer from the limitation of being 
a single-dose method, they do indicate a highly significant increase 
in the rate and, possibly, the extent of oral absorption of digitoxin 
from the coprecipitates. 

Digoxin Coprecipitates-The dissolution characteristics of di- 
goxin from poloxamer 188 test systems are illustrated in Fig. 5. The 
coprecipitates dissolved significantly faster than the pure drug, and 
the 1% coprecipitate dissolved faster than the 10% coprecipitate. 
Precipitating digoxin from ethanol did not significantly alter the 
dissolution of the drug. The X-ray diffraction patterns of the treated 
and untreated digoxin were similar. Although the physical mixtures 
showed a significant enhancement of drug dissolution, there was no 
difference between the 1 and 10% mixtures. 

Equilibrium solubility studies (Table 11) showed that poloxamer 
188 increased drug solubility, indicating the possibility of micellar 
complexation. I t  is evident, however, that  although the surface ten- 
sion-lowering and solubilizing effects of poloxamer 188 do contribute 
to the enhanced dissolution of the coprecipitated drug, these effects 
do not fully account for the differences in dissolution of the pure and 
coprecipitated drug. 

The dissolution of digoxin from deoxycholic acid coprecipitates 
(Fig. 6) proceeded a t  a faster rate compared to the dissolution of the 
drug alone. The 1:9 and 1:99 physical mixtures also dissolved faster 
than the drug. The dissolution of the drug from both physical mix- 
tures proceeded at  a rate that was higher than its dissolution from the 
10% coprecipitate. Equilibrium solubility studies (Table 11) indicated 
that there was an interaction between digoxin and deoxycholic acid. 
Deoxycholic acid is known to form inclusion compounds with many 
drugs (40), including those with a steroidal nucleus (41). It seems 
possible that the presence of an extra hydroxyl group in the digoxin 
molecule (compared to digitoxin) is favoring an interaction between 
the drug and the carrier in the coprecipitate. In the 10% coprecipitate, 

Table III-Oral Toxicity of Various Digoxin Preparations 
in Mic@ 

Number of  Mortal- 
Test System Animals Deadb ity,  % 

Digoxin 
Diaoxin-poloxamer 1 8 8 C  

Goprecipitate 
Digoxin-deoxycholic acidc 

coprecipitate 
Digoxin-poloxamer 18% 

physical mixture 
Digoxin-deoxycholic acidc 

physical mixture 
Deoxycholic acidd 

1 3 
0 0 

30 100 

0 0 

2 6  81 

2 1  90 

a A dose of 300 m g  of digoxin/kg was administered a s  a suspension 
in 0.5% methylcellulose. Thirty animals were used for each test sys- 
tem. b Animals were observed for 7 days postadministration. C A 3-g/ 
kg dose was administered containing 10% (w/w)  digoxin. d A  2.7-g/ 
kg dose was used. 
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Figure 6-Dissolution of digoxin from deoxycholic acid test prep- 
arations. Key: ., treated drug; 0, untreated drug; A, 10 and 1 % 
physical mixtures; 6, 10% coprecipitate; and 0, 1 % coprecipi- 
tate. 

such an interaction seems to have a negative effect on the increase in 
the dissolution rate obtained through coprecipitation. 

As discussed under digitoxin coprecipitates, dilution of digoxin with 
the carriers caused loss of diffraction peaks of the drug. Therefore, 
the X-rays did not aid in elucidating the exact nature of the copreci- 
pitated drug. It is reasonable to assume, however, that coprecipitation 
changes the nature of digoxin in the same way as mentioned under 
digitoxin coprecipitates. 

The data in Table 111 indicate that for this particular dose of digoxin 
(300 mg/kg), the digoxin-poloxamer 188 coprecipitate was no more 
toxic to mice than was the drug alone. The drug suspension admin- 
istered to mice contained 6.75% poloxamer 188, which is above its 
CMC. Surfactants hinder drug absorption due to micellar complex- 
ation (42), and poloxamer 188 retarded the absorption of phenolsul- 
fonphthalein from the rat intestine (29). It is, therefore, possible that 
entrapment of the digoxin in the surfactant micelles was the reason 
for the lack of enhancement of toxicity of the digoxin-poloxamer 188 
coprecipitate. The oral toxicity of the administered dose of digoxin 
as a 10% digoxin-deoxycholic acid coprecipitate (Table 111) did not 
increase significantly beyond that of deoxycholic acid alone (in the 
amount present in the coprecipitate). It is probable that the toxicity 
of the carrier is masking any increase in toxicity of the coprecipitate. 
More sensitive tests of bioavailability, such as plasma level curves, 
might differentiate the potencies of the various test systems. 

The 1% coprecipitates bf both digitoxin and digoxin dissolved faster 
than the 10% coprecipitates. Because the ratio of drug to carrier was 
smaller in the 1% systems, precipitation of the drug could have been 
hindered more than in the 10% systems, resulting in a finer particle 
size of the drugs. The difference in the dissolution rates also could be 
due to the presence of the drugs as solid solutions in the 1% copreci- 
pitates. 

In summary, coprecipitation of digitoxin and digoxin with two inert 
carriers, poloxamer 188 and deoxycholic acid, resulted in a dramatic 
increase in the dissolution rate of the two cardiac glycosides. The in- 
creased dissolution of the coprecipitated digitoxin caused an increase 
in its oral toxicity in mice, but the increased dissolution of the 
coprecipitated digoxin did not cause such an increase. 
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Electrochemical Evidence for Interaction between 
Chlorpromazine Hydrochloride and Trifluoperazine 
Hydrochloride and the Flavin Coenzymes 

LENA A. DeLISSER-MATTHEWS and ALI KHALAJ 

Abstract Polarographic and chronopotentiometric methods were 
applied to study the effects of the phenothiazine tranquilizers 
chlorpromazine hydrochloride and trifluoperazine hydrochloride on 
the electrochemical behavior of the flavin coenzymes flavin mono- 
nucleotide and flavin adenine dinucleotide. The effects of the drugs 
were measured mainly by decreases in the diffusion currents, i d ,  de- 
veloped in the polarographic experiments and by a similar decrease 
in the chronopotentiometric constant, i ~ d ’ ~ ,  in the chronopoten- 
tiometric experiments when the coenzymes were reduced in the 
presence of the added drugs. The observed interference with the redox 
properties of the coenzymes could conceivably be related to the re- 
ported ability of the drugs to  inhibit respiration and produce their 
tranquilizing effect. 

Keyphrases Chlorpromazine hydrochloride-effect on electro- 

chemical behavior of flavin coenzymes, polarographic and chrono- 
potentiometric investigation 0 Trifluoperazine hydrochloride-effect 
on electrochemical behavior of flavin coenzymes, polarographic and 
chronopotentiometric investigation 0 Flavin coenzymes-electro- 
chemical behavior, effect of chlorpromazine and trifluoperazine hy- 
drochlorides 0 Electrochemical behavior-flavin coenzymes, effect 
of chlorpromazine and trifluoperazine hydrochlorides Polarogra- 
phy-investigation of effect of chlorpromazine and trifluoperazine 
hydrochlorides on electrochemical behavior of flavin coenzymes 
Chronopotentiometry-investigation of effect of chlorpromazine and 
trifluoperazine hydrochlorides on electrochemical behavior of flavin 
coenzymes Tranquilizers-chlorpromazine and trifluoperazine 
hydrochlorides, effect on electrochemical behavior of flavin coenzymes 

Coenzymes, flavin-electrochemical behavior, effect of chlorpro- 
mazine and trifluoperazine hydrochlorides 

One mechanism proposed to account for the tran- 
quilizing action of the phenothiazine drugs involves the 
possible interaction between the drugs and certain 
electron-transferring coenzymes of the respiratory 
chain. The inhibitory effects of chlorpromazine on 
respiration were suggested to result from complex for- 
mation between chlorpromazine and flavin adenine 

dinucleotide (1). The studies involved observation of 
changes in the fluorescent and spectrophotometric 
properties of the coenzymes upon the addition of the 
drug. 

Similar inhibitory effects were reported in studies of 
the effects of chlorpromazine upon the mitochondria1 
systems of both the brain and heart of rats (2,3). It was 
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