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Effect of elevated viscosity in the upper gastrointestinal tract on drug
absorption in dogs
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Abstract

The objectives of these studies were, first, to determine the effect of elevated luminal viscosity on the gastrointestinal absorption of four
model drugs and, second, to identify the key processes influencing drug absorption under elevated viscosity conditions. Studies were
conducted in vitro and in healthy female mongrel dogs under fasting conditions. In the canine model, both the rate and extent of
paracetamol and hydrochlorothiazide absorption were significantly decreased by the coadministration of 15 g guar gum dissolved in 500
ml normal saline. In the case of cimetidine, the rate but not extent of absorption was decreased. Owing to the high variability in the data,
no statistically based conclusion could be drawn about the effects of coadministered guar gum on the oral absorption of the poorly soluble
mefenamic acid. Based on the in vitro data, it appears that substantial reductions in the dissolution rate of paracetamol, hydrochlo-
rothiazide and cimetidine account for the effects observed in vivo. It is concluded that the effect of an elevation in the intraluminal
viscosity on drug absorption is greatest for highly soluble drugs, and results from a combination of a decrease in dissolution rate and
gastric emptying rate.  1998 Elsevier Science B.V.

Keywords: Gastrointestinal drug absorption; Canine model; Viscosity; Dissolution; Binding; Diffusion; Guar gum; Paracetamol; Mefenamic acid;
Hydrochlorothiazide; Cimetidine

1. Introduction thiamine from solution was not influenced by the presence
of 2.5% methylcellulose (Hewitt and Levy, 1971).

The viscosity in the gastrointestinal (GI) tract can be Canine studies indicate that typical increases in luminal
elevated in several ways, including the administration of viscosity after eating ordinary meals are modest, on the
suspension dosage forms containing viscosity-inducing order of 100 cP (Greenwood, 1994), and therefore unlikely
suspending agents, the ingestion of foodstuffs containing to affect drug absorption. However, the consumption of
soluble polymers, and the administration of supplementary water-soluble fibers can result in the elevation of GI
soluble polymers, usually with the intent to regulate bowel viscosity by several orders of magnitude. The extent of the
movements or glucose absorption. increase depends on the physicochemical properties of the

Suspending agents are used to improve the homogeneity fiber, its concentration in the vehicle, and the total amount
of suspensions and hence the dosage reproducibility, but in administered (Blackburn and Johnson, 1981; Roberts et al.,
certain cases they alter the absorption of the drug via the 1990; Reppas et al., 1991). The most frequently used
associated increase in luminal viscosity. Oral administra- soluble fiber is guar gum which is a naturally occurring
tion of nitrofurantoin in suspensions prepared with 2 or 5% polysaccharide (MW 220 000) not absorbed or metabo-
methylcellulose solutions was shown in clinical studies to lized in the upper GI tract (Seaman, 1980; The Merck
decrease the rate (Soci and Parrott, 1980) or rate and Index, 1989). When administered at a dose of 15 g in a
extent (Seager, 1968) of nitrofurantoin absorption, respec- solution containing about 3%, it has been shown to be
tively. In contrast, the absorption of riboflavin and effective in reducing the postprandial elevation of blood

glucose levels in humans (Pilch, 1987). Single-dose studies
in healthy subjects have shown that, although guar gum

* coadministered as a 2.5% aqueous dispersion has no effectCorresponding author. Tel.: 130 1 7284367; fax: 130 1 7244191;
e-mail: hreppas@atlas.uoa.gr on the absorption of glipizide (Huuponen et al., 1985), it
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decreases the rate of absorption of digoxin by approxi- 2. Experimental procedures
mately 16% and both the maximum plasma concentration,
C , and the area under the plasma concentration versus 2.1. Materialsmax

time curve (from time zero to last quantifiable concen-
tration), AUC , of potassium phenoxymethylpenicillin by Guar gum and cimetidine were purchased from Sigma-0– t

25 and 28%, respectively (Huuponen et al., 1984). It is not Aldrich GmbH (Deisendorf, Germany). Paracetamol was
clear whether in those studies a suspension or a solution of donated by Uni-Pharma S.A. (Athens, Greece), hydrochlo-
guar gum was coadministered with the drugs. The low rothiazide by Adelco (Athens, Greece) and mefenamic acid
hydration rate of guar may lead to low intraluminal from Wyeth (Athens, Greece).
viscosity if it is administered as a suspension (Wolever et
al., 1979). In further studies, in which the fiber and the

2.2. Guar solutions
drug were both dissolved in 400 ml orange juice, a 36%
reduction of the maximum plasma concentration of para-

To prepare solutions of guar gum, the appropriate
cetamol was observed when 4% guar gum and 2.5% pectin

amount was slowly added to normal saline under rigorous
had been added in the solution (Holt et al., 1979). This

agitation conditions at room temperature. The resulting
decrease correlated well with the decrease in gastric

suspension was sealed and allowed to fully hydrate over a
emptying rate (Holt et al., 1979).

24-h period. Solutions so prepared were stored in the
Suspending agents are usually administered in relatively

refrigerator for up to 1 week. Since guar is a naturally
small amounts and are likely to exert their primary effect

occurring gum, batch to batch variability in its rheological
through a decrease in the drug’s dissolution rate. By

characteristics is to be expected (Seaman, 1980). Viscosity
contrast, the doses of water-soluble fibers are much higher,

measurements were carried out at 378C with a Contraves
creating large changes in the bulk luminal viscosity and

Rheomat 135-S rotational viscometer (Cincinnati, OH,
thereby reducing fluid convection in the gut lumen. For

USA) using the DIN 125 measuring system. Guar is
example, the reduction of glucose absorption (55% for

known to exhibit pseudoplastic flow (Seaman, 1980); i.e.,
C and 37% for AUC ), after administration of 250 mlmax 0– t the viscosity decreases dramatically as the shear rate
solution of diluted diabetic squash (50 g glucose) con-

increases. Therefore, viscosity measurements were per-
taining 5.8% guar gum, was shown to be mediated via both

formed at three different shear rates (1, 100, and 1000
a damping of the influence of motility on fluid convection 21s ). The viscosity characteristics of the guar solutions
in the intestine and a reduction in the gastric emptying rate

used in the current study are presented in Table 1.
(Blackburn et al., 1984a,b).

It is apparent from the existing literature that the effect
of viscosity on drug absorption varies with the drug, the 2.3. In vivo studies
type and amount of viscosity-inducing agent coadminis-
tered and whether the drug and viscosity-inducing agent Absorption of the four drugs was studied in four female
are already dissolved or not. The objectives of the present mongrel dogs, ranging in weight from 20 to 27 kg and in
studies were two-fold. The first was to compare the effect age from 2 to 4 years. A randomized crossover study
of increased luminal viscosity on the oral absorption of design was implemented. On each occasion, the appro-
drugs with various solubility and permeability characteris- priate dose was administered in the form of one or two soft
tics, namely paracetamol, mefenamic acid, hydrochlo- gelatin capsules along with 500 ml saline containing guar
rothiazide, and cimetidine, in a canine model. The second (Test Solution) or not containing guar (Control Solution).
was to determine which processes are important limiting In all cases, the solution was warmed to 378C for 1 h in an
factors to the rate and extent of drug absorption under incubator prior to administration. This period was suffi-
elevated luminal viscosity conditions. The luminal viscosi- cient for increasing the temperature of the administered
ty was elevated with guar gum using amounts and con- solution up to physiological values without affecting its
centrations similar to those frequently used for controlling rheological properties. The four drug studies were sepa-
carbohydrate and/or lipid metabolism (Pilch, 1987). rated by approximately 1 month, and within each drug

Table 1
aMean(SD) viscosities (cP) of the isoosmotic (with 0.9% NaCl) guar gum solutions used in the present study

21Concentration (%) Shear rate (s )

1 100 1000
4 4 3 32 (n54) 4.25310 (0.82310 ) 1.29310 (0.13310 ) 163 (26)
5 5 3 33 (n53) 1.37310 (0.23310 ) 2.29310 (0.90310 ) 258 (78)

aAt 378C.
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study the washout period between phases was at least 2 2.3.4. Hydrochlorothiazide study
weeks for each dog. In one phase of this study, one capsule containing 50 mg

of hydrochlorothiazide was administered with Test Solu-
tion A, while in the other phase it was administered with2.3.1. Study protocol
the Control Solution. Five-ml blood samples were with-Dogs were fasted for 16 h from food but not water
drawn at 0, 0.50, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 12 and 24before each phase. On the study morning the dog was
h following drug administration. Hydrochlorothiazidetransferred to the treatment room, placed in a harness and
assay in serum consisted of a modification of the HPLCadministered the drug and solution via an orogastric tube.
method of Barbahaiya et al. (1981), using chlorothiazideBlood samples were drawn by means of an indwelling
(Adelco S.A., Athens, Greece) as internal standard. Thecatheter positioned in a suitable foreleg vein. Twenty-four-
accuracy of this analytical procedure ranged from 29.2 tohour samples were collected by individual venipuncture.
5.2% and the precision was estimated to be #9.3% overAfter centrifugation, serum was stored at 2408C for not
the concentration range 0.04–0.50 mg/ml.more than 3 days prior to sample analysis. Five hours after

drug administration the dog was offered a standard meal
2.3.5. Cimetidine study(100 g pellets and 200 ml tap water), which was consumed

This study was conducted in three phases: one capsulein all cases. Twelve hours after dosing the catheter was
containing 300 mg cimetidine was administered with Testremoved and the dog returned to her cage, where she was
Solution A (3% guar in 500 ml normal saline), Testallowed to eat and drink ad libitum. This protocol was
Solution B (2% guar in 500 ml normal saline) or Controlapproved by the Committee for Research of the University
Solution. Five-ml blood samples were drawn at 0, 0.250,of Athens for all four drugs studied.
0.500, 0.750, 1.00, 1.25, 1.50, 1.75, 2.00, 2.25, 3.00, 3.50,
4.00, 5.00, 6.00, 8.00, 10.0 and 12.0 h following drug

2.3.2. Paracetamol study administration. Cimetidine assay in serum was performed
Two capsules, each containing 250 mg paracetamol with an HPLC assay (Mummaneni et al., 1995) using

were administered with 500 ml normal saline which codeine phosphate (Elvipy S.A., Athens, Greece) as inter-
contained either 3% guar (Test Solution A) or no guar nal standard. The accuracy of this analytical procedure
(Control Solution). In each phase, 5-ml blood samples ranged from 24.0 to 1.0% and the precision was estimated
were drawn at 0.0, 0.50, 1.0, 1.5, 2.0, 3.0, 4.0, 6.0 and 8.0 to be #9.7% over the concentration range 0.25–6.5 mg/
h following paracetamol administration. Paracetamol assay ml.
in serum was performed with an HPLC method using
2-acetamidophenol (Sigma-Aldrich Chemie, Deisendorf, 2.3.6. Data analysis
Germany) as internal standard (Ameer et al., 1981). The The maximum serum concentration, C , and the timemaxaccuracy of this analytical procedure ranged from 27.4 to that this occurred, T , were directly obtained from themax5.0% and the precision was estimated to be #8.1% over concentration versus time plots. The area under the con-
the concentration range 0.50–10 mg/ml. centration versus time plots up to the last quantifiable

concentration, AUC , was calculated with the linear0– t

2.3.3. Mefenamic acid study trapezoidal rule. Values of the elimination rate constants,
This study was conducted in three phases. In the first k , were calculated by linearization of the eliminationel

phase, one capsule containing 250 mg of mefenamic acid phase of the control studies using the last two to five
was administered with 500 ml normal saline (Control quantifiable concentrations. For mefenamic acid, estima-
Solution). In the second phase, one capsule containing 250 tions of k were made from the post-absorptive con-el

mg of mefenamic acid was administered with 500 ml centration data obtained after the administration of the
normal saline in which 3% guar had been dissolved (Test Ponstan capsules. Differences in C and AUC valuesmax 0– t

Solution A). In the third phase, one commercially available among phases were statistically assessed at the 0.05 level
Ponstan capsule (Parke Davis, Cambridge, England, by two-factor analysis of variance, with dogs and dosing

Lot[4D407) containing 250 mg mefenamic acid was conditions as the factors (SuperAnova , Abacus Concepts,
administered with 500 ml normal saline (Control Solution). Inc., Berkeley, CA, USA). T values were comparedmax

In each phase, 5-ml blood samples were drawn at 0, 0.50, with the Friedman test (Statview Abacus Concepts,
1.0, 1.5, 2.0, 3.0, 4.0, 6.0, 8.0, 10, 12 and 24 h following Berkeley, CA, USA).
drug administration. Mefenamic acid assay in serum was
performed with an HPLC method using flurbiprofen 2.4. In vitro studies
(Vianex S.A., Athens, Greece) as internal standard (Imai et
al., 1991). The accuracy of this analytical procedure 2.4.1. Particle size measurements
ranged from 22.5 to 4.5% and the precision was estimated The particle size of the four drug powders used in the in

to be #7.9% over the concentration range 0.40–3.6 mg/ vivo studies was analyzed with a Coulter counter (Model
ml. D Industrial, Luton, England), fitted with a 140-mm
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aperture tube. Stock suspensions contained 1 mg drug/ml (slope) 5 k Cdiff diff eq

medium, using 4% sodium chloride as a saturated medium
where C is the drug concentration at equilibrium. Com-eqin the case of paracetamol and cimetidine and 0.1 N
parisons of the diffusion rate constants were made withhydrochloric acid as the saturated medium in the case of
t-test (Glantz, 1981).hydrochlorothiazide and mefenamic acid.

2.4.3. Binding studies2.4.2. Diffusion studies
The ability of guar gum to interact with the drugs wasThe effect of guar on the diffusivity of the four drugs

assessed with a Dianorm equilibrium dialyser with Teflonwas evaluated with the Franz cell (Franz, 1975). The two
dialysis cells (type macro 2, Diachema AG Rushlikon,compartments were separated with a dialysis membrane
Zurich, Switzerland). The dialysis membranes (Diachema,(Visking, dialysis tubing, Serva Feinbiochemica, exclusion
type 10–14) had a declared molecular weight cutoff oflimit 8000–15 000 Da). The donor compartment solution
5000 Da. In each case, 3.5 ml drug solution in normalconsisted of drug and normal saline containing 3% guar or
saline were dialyzed against 3.5 ml of 3% guar solutionno guar, while the receptor compartment solution was
(Test Solution A) containing equivalent drug concentra-composed of normal saline. The initial concentration of
tion. The initial concentrations (mg/ml) in both compart-drug in the donor compartment was 1.00 mg/ml (paraceta-

3ments ranged between 200 and 1.00310 for paracetamol,mol), 100 mg/ml (hydrochlorothiazide) and 600 mg/ml
0.600 and 3.00 for mefenamic acid, 20.0 and 100 for(cimetidine). These concentrations correspond to the
hydrochlorothiazide, and 120 and 600 for cimetidine.‘dose:normal saline volume’ ratios used in the in vivo
Experiments were carried out in triplicate at 378C. Con-studies. The receiving compartment was held at 378C and
centrations in both compartments were measured afterstirred magnetically to ensure homogeneity. The concen-
equilibration using the procedures described for the diffu-tration of drug in the receptor compartment was followed
sion studies.by UV spectroscopy in the case of paracetamol (l 5250max

nm) and by HPLC for hydrochlorothiazide (Barbahaiya et
al., 1981) and cimetidine (Mummaneni et al., 1995). Due 2.4.4. Dissolution studies
to its low aqueous solubility (4.60 mg/ml in normal saline Dissolution rates were measured in rotating disk ap-
at 208C, n53), the preparation of a mefenamic acid paratus (Levich, 1962). The dissolution media were normal
solution in normal saline corresponding to the dose:normal saline (Control Solution) and 2% guar in normal saline
saline volume ratio used in the in vivo studies was not (Test Solution B). A 2% solution (instead of 3%) was used
possible. Instead, solutions containing 3.00 mg/ml because earlier studies using a porcine model (Roberts et
mefenamic acid were used for the diffusion studies. The al., 1990) had shown that a 2% guar solution in normal
concentration of mefenamic acid in the receptor compart- saline has a viscosity approximately similar to a viscosity
ment was followed by HPLC (Imai et al., 1991). of 3% guar solution after its passage through the upper

For each drug, 200- or 400-ml samples were drawn from gastrointestinal tract. The rotating disk apparatus consisted
the receptor compartment with a microsyringe after 0, of a water-jacketed beaker maintained at 378C with a

¨ ¨0.25, 0.50, 1.0, 1.5 and 2.0 h. An equivalent volume of circulating water bath (Edmund Buhler, Tubingen, Ger-
saline was added to the receptor compartment after each many) and a stainless-steel Wood’s die supported by a
sampling time to restore the compartment volume of 15 stainless steel holder with a shaft attached to an overhead
ml. At the end of the experiment, corrections for the synchronous motor with continuously variable rotational
dilution of the receptor solution resulting from the succes- speed (Hanson Res. Corp., Chatsworth, CA, USA). One-
sive samplings were made (Aronson, 1993). Experiments cm diameter disks of pure drug were compressed in a
were run in triplicate. The initial diffusion rates were Perkin-Elmer press at 2000 psi for 1 min. The stainless
estimated from the slopes of the plots of concentration in steel die supporting the drug disk was immersed in 200 ml
the receptor compartment versus time, using only data of dissolution medium prewarmed in the jacketed beaker.
obtained under sink (,20% equilibrium concentration) Sample collection and analysis was performed using the
conditions. Confirmation that the three repetitions resulted same procedure as for the diffusion experiments. In cases
in regression lines with consistent slope and intercept was where guar was present in the medium, it was precipitated
made with one-factor analysis of covariance (ANCOVA) at prior to analysis using the method described by Sirois et al.

the 0.05 level (SuperAnova , Abacus Concepts, Berkeley, (1990). Each drug was studied at rotational speeds of 50,
CA, USA). All data from the three repetitions were then 100 and 150 rpm (n52 per rotational speed), over the
pooled to estimate the initial diffusion rate under a given period in which the concentration in the medium stayed
experimental condition. Initial diffusion rates were esti- below 10% of the solubility. In all cases, the plots of
mated with the slope of the regression line (0.97#r# concentration in the dissolution medium versus time were
0.993) of concentration versus time data, (slope) . The linear, with nonsignificant intercepts ( p.0.08) and signifi-diff

apparent first-order diffusion rate constant, k , was cant slopes ( p,0.0005). The initial dissolution rates werediff

estimated using the following equation: estimated from the slopes of the plots, and their concurr-
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21ence for each drug/ rpm/medium combination checked 1.1260.18 h , in accordance with previously published
21with a t-test (Glantz, 1981). All data from each set were canine data (1.2 h , Souchay et al., 1976). Coadministra-

subsequently pooled to estimate the initial dissolution rate tion of 3% guar in 500 ml normal saline with the
under a given experimental condition. Initial dissolution paracetamol dose resulted in a 65% reduction in the Cmax

rates were estimated with the slope of the regression line and a 28% reduction in the AUC , but had no significant0– t

(0.97#r#0.9996) of concentration versus time data, effect on the T .max

(slope) . For each rotational speed, the apparent first-diss

order dissolution rate constant, k , was estimated usingdiss

the following equation: 3.1.2. Mefenamic acid study
Following administration of the commercial capsule, the

(slope) 5 k Cdiss diss s serum concentrations decreased continuously after T inmax

only two of four dogs, in the other two the concentrationwhere C is the saturation solubility. Comparisons of thes

lingered around 0.8 mg/ml. Thus, only two eliminationdissolution rate constants were made with t-test at the 0.05
21rate constants could be calculated (0.12 and 0.09 h ).level (Glantz, 1981).

21These values are lower than the value (0.15 h ) calcu-
lated from previously reported data in dogs (Imai et al.,
1991). C and AUC values in the mefenamic acid3. Results max 0– t

study exhibited large coefficient of variations and although
average C and AUC values were lower when the3.1. In vivo studies max 0– t

prototype capsules were coadministered with the guar than
with the Control Solution, significance at the 0.05 levelThe average serum concentration versus time profiles for
was not achieved. No trends were observed in the Teach drug are shown in Fig. 1, and the corresponding max

values. The prototype capsules appeared to have similarpharmacokinetic parameters are presented in Table 2.
bioavailability characteristics as the commercially avail-
able product in terms of C and AUC , although T3.1.1. Paracetamol study max 0– t max

values varied considerably.The estimated average elimination rate constant was

Fig. 1. Average serum concentration versus time plots following the administration of (A) 500 mg paracetamol, (B) 250 mg mefenamic acid, (C) 50 mg
hydrochlorothiazide, and (D) 300 mg cimetidine, to four dogs. Key: (d) prototype capsule(s) with Control Solution; (s) commercially available
formulation with Control Solution; (j) prototype capsule(s) with Test Solution A; (h) prototype capsule with Test Solution B.
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Table 2
Pharmacokinetic parameters for paracetamol, mefenamic acid, hydrochlorothiazide, and cimetidine following single-dose administration of prototype hard

agelatin capsule(s) with 500 ml normal saline (containing or not containing guar gum) to four dogs

Drug/guar gum concentration AUC (mg/ml /h) C (mg/ml) T (h)0– t max max

Paracetamol
No guar 15.1 (7.4) 8.1 (2.6) 1.2 [1.0–1.5]
3% 10.8 (5.8)* 2.8 (1.8)* 2.2 [1.0–6.0]
Mefenamic acid
No guar 35 (15) 3.5 (0.71) 6.0 [3.0–10]

bNo guar 39 (24) 4.4 (2.5) 1.2 [1.0–2.0]
3% 28.6 (6.5) 2.86 (0.62) 8.0 [3.0–24]
Hydrochlorothiazide
No guar 4.84 (0.74) 0.90 (0.11) 4.0 [4.0–5.0]
3% 3.14 (0.92)* 0.37 (0.11)* 4.0 [2.0–8.0]
Cimetidine
No guar 30.9 (5.1) 9.9 (2.8) 1.4 [1.0–2.2]
2% 22.6 (1.9) 3.8 (1.0)* 3.2 [0.7–5.0]
3% 23.5 (2.3) 3.8 (1.3)* 7.0 [4.0–8.0]

aValues are mean(SD) for AUC and C and median[range] for T . Asterisks denote significant differences from normal saline at the 0.05 level.0– t max max
b Ponstan capsules were administered in this phase.

3.1.3. Hydrochlorothiazide study 3.2. In vitro studies
The elimination rate constant was estimated at

210.05860.032 h . No bibliographic data were found for 3.2.1. Particle size measurements
the elimination constant of this compound in dogs. Coad- Fig. 2 shows the cumulative percent undersize dis-
ministration of a 3% guar solution in 500 ml normal saline tribution of the four drug powders used to prepare the
reduced the C by 59% and AUC by 35% in dosage forms for the canine studies. The average particlemax 0– t

comparison with coadministration of the control solution. diameter lay below 100 mm for all samples, and in the case
Differences in T values did not, however, reach signifi- of mefenamic acid the powder was essentially micronized,max

cance. with an average particle diameter of less than 10 mm.

3.2.2. Diffusion studies
3.1.4. Cimetidine study The apparent diffusion rate constant of the four drugs in

The elimination rate constant of cimetidine in the four the absence and presence of guar are presented in Table 3.
21dogs averaged 0.2660.06 h , somewhat lower than the The presence of guar resulted in a reduction of the

21value (0.3960.06 h ) observed in male dogs by Mum- diffusion rate constant by 35% for paracetamol, 44% for
maneni et al. (1995). Although coadministration of 2 or mefenamic acid and 33% for cimetidine, whereas no
3% guar decreased the C value by 62%, differences in significant reduction in the diffusion rate constant wasmax

AUC and T did not reach significance at the 0.05 observed for hydrochlorothiazide.0– t max

level.
3.2.3. Binding studies

The binding data indicated that none of the drugs
interact to an appreciable extent with guar. For every drug
at all concentrations tested, the concentration of free drug
remained within assay error of the original concentration.

Table 3
21Apparent first-order diffusion rate constant (h ) for paracetamol,

mefenamic acid, hydrochlorothiazide, and cimetidine determined with the
Franz cell in the absence and in the presence of guar gum in the donor

acompartment

Solution of the donor compartment

Normal saline 3% guar gum in normal saline

Paracetamol 0.188 (0.027) 0.1212 (0.0051)*
Mefenamic acid 0.250 (0.016) 0.140 (0.010)*
Hydrochlorothiazide 0.153 (0.018) 0.120 (0.015)

Fig. 2. The cumulative percent undersize distribution for paracetamol
Cimetidine 0.1265 (0.0070) 0.0852 (0.0060)*

powder (s), mefenamic acid powder (h), hydrochlorothiazide powder
a(j), and cimetidine powder (d), in the prototype capsule(s) used for the Standard error of estimation in the parentheses. Asterisks denote

in vivo experiments. statistically significant differences from the control at the 0.05 level.
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Table 4
21Apparent first-order dissolution rate constants (h ) for paracetamol, mefenamic acid hydrochlorothiazide, and cimetidine determined with the rotating disk

aapparatus (378C, at 150 rpm) in normal saline which contained or did not contain guar gum

Dissolution medium

Normal saline 2% guar gum in normal saline

Paracetamol 0.02494 (0.00039) 0.00316 (0.00008)*
Mefenamic acid 0.01482 (0.00057) 0.00711 (0.00020)*
Hydrochlorothiazide 0.0341 (0.0030) 0.01083 (0.00093)*
Cimetidine 0.02253 (0.00020) 0.00621 (0.00012)*
aStandard error of estimation in the parentheses. Asterisks denote statistically significant differences from the control at the 0.05 level.

3.2.4. Dissolution studies 1990) but not hydrochlorothiazide (Welling, 1986) under-
For all dissolutions in the Control Solution the Levich goes first-pass metabolism; these characteristics suggest

plot (initial dissolution rate as a function of the square root that the permeability of hydrochlorothiazide is somewhat
of the rotational speed) was linear (0.98,r,0.9997) with lower than the permeability of cimetidine.
a slope significantly different from zero ( p,0.04) but an For the three high-solubility drugs, the C was re-max

intercept not significantly different from zero ( p.0.08). duced by the coadministration of guar. These drugs all
This analysis indicated that dissolution in Control Solution exhibited a reduction in dissolution rate of more than
occurs by convective diffusion (Levich, 1962). The Levich three-fold in the in vitro experiments. The slower rate of
model could not be applied to the data obtained in viscous dissolution would naturally lead to lower concentrations in
solution owing to the low Reynold’s number (,1) solution at the absorptive sites and consequently a reduc-
(Levich, 1962; Grijseels et al., 1981). The apparent first- tion in the absorption rate of the drug. In the case of
order dissolution rate constants at 150 rpm in absence and paracetamol and hydrochlorothiazide, the extent of absorp-
presence of guar are presented in Table 4. The reduction in tion was also reduced in presence of guar. These results
dissolution rate constant resulting from the addition of guar suggest that the principal sites of absorption for these two
to the medium was more than seven-fold for paracetamol, drugs are found in the proximal part of the intestine. An
more than three-fold for hydrochlorothiazide and alternative hypothesis, namely, that the drugs became
cimetidine, and about two-fold for mefenamic acid. Similar bound to the guar and were therefore not available for
reductions were observed at lower rotational speeds (data absorption, could be ruled out on the basis of the in vitro
not presented). The decreases in the dissolution rate binding data. In contrast, the extent of absorption of
observed with guar are in accordance with previous studies cimetidine was not affected. Previous studies (Kaneniwa et
of drug dissolution in viscous media (Braun and Parrott, al., 1986; Mummaneni and Dressman, 1994) in rats have
1972; Sarisuta and Parrott, 1982). shown that cimetidine is almost equally permeable in the

ileum as in the duodenum, with the jejunum exhibiting a
somewhat lower permeability to this drug.

4. Discussion In contrast to the results obtained with the highly soluble
drugs, the coadministration of guar did not result in

The four drugs chosen for study do not encounter significant reductions in the C or AUC values formax 0– t

significant stability problems in the upper GI environment, mefenamic acid. There are several factors that may com-
and were chosen on the basis of their wide range of bine to explain these results. First, the reduction in
solubilities under gastrointestinal conditions and per- dissolution rate was not as dramatic for mefenamic acid as
meability through the intestinal wall. According to the for the more soluble compounds, even though the reduc-
recently proposed Biopharmaceutics Drug Classification tion in the molecular diffusivity was greater. Second, there
(Amidon et al., 1995), paracetamol would be classified as a was great interdog variability in the serum profiles. With
Case I drug due to its high solubility and favorable such high coefficients of variation (more than 50% in some
permeability characteristics (Sietsema, 1989; Etman and parameters), studies in only four dogs have insufficient
Naggar, 1990). Mefenamic acid is a poorly soluble com- statistical power to detect all but the coarsest effects.
pound (TenHoor et al., 1991) with a lipophilicity that is In the case of paracetamol and cimetidine, the times to
commensurate with facile flux across the lipid bilayer, thus peak tended to be longer when guar was coadministered,
fitting Case II requirements. Hydrochlorothiazide and although these effects did not reach statistical significance.
cimetidine can both be classified as Case III drugs since, The rate of absorption of both drugs has been shown to be
even though both have good aqueous solubility, they are greatly influenced by gastric emptying (Clements et al.,
absorbed only to an extent of 60–80% (Sietsema, 1989). 1978; Oberle and Amidon, 1987). Increasing the intragas-
One difference between hydrochlorothiazide and tric viscosity has a profound effect on the gastric emptying
cimetidine is that cimetidine (Taylor et al., 1978; Brunton, rate in fasted dogs (Russell and Bass, 1985; Reppas et al.,
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