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ABSTRACT: The objective of this study was to evaluate the effects which hydroxypropylmethylcellulose
(HPMC) may exert on oral drug absorption, in cases where this soluble fiber is administered to regulate
blood lipid levels. Studies were conducted in vitro and in healthy female mongrel dogs using two different
grades of HPMC, i.e. K8515 HPMC and ultra high molecular weight (UHMW) HPMC. The maximum
plasma concentration, Cmax, of paracetamol and both the Cmax and the area under the concentration–time
curve, AUC, of cimetidine were significantly decreased by the coadministration of 10 g of K8515 HPMC
or 7.5 g of UHMW HPMC dissolved in 500 mL normal saline under fasting conditions. No statistically
significant effects were observed on hydrochlorothiazide or mefenamic acid absorption. Based on in vitro
data and previous studies it appears that reductions in gastric emptying and dissolution rate of
paracetamol account for the effect observed in vivo. For cimetidine, a drug which can be absorbed from
both the small and the large intestine, the indigestibility of HPMC in the colon in addition to the great
reduction of dissolution rate led to reductions of both the Cmax and AUC values. The long Tmax values,
even in the absence of HPMCs and the more modest reduction of the dissolution rate of hydrochlorothi-
azide by the HPMCs are thought to have precluded the observation of any significant alterations in the
in vivo absorption profile. Owing to its erratic absorption, no statistically based conclusion could be drawn
about the effects of coadministered HPMC on the oral absorption of the poorly soluble mefenamic acid.
It is concluded that the effects of HPMCs on drug absorption in dogs are most pronounced for
compounds with absorption profiles that are dependent on gastric emptying, i.e. compounds that are
highly water soluble and that exhibit short Tmax values. Compounds with long absorption profiles appear
to be less susceptible to changes in absorption behavior due to coadministration of HPMCs. © 1998 John
Wiley & Sons, Ltd.
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Introduction

Hydroxypropylmethylcellulose (HPMC) is a
semisynthetic cellulosic ether available in a variety
of molecular weights [1]. HPMCs are used in the
pharmaceutical industry as tablet binders and sus-
pending agents, in the food industry as thickeners,
and in cosmetic products at concentrations up to
10% [1]. Medium- and long-term oral studies have
indicated that these compounds are non-toxic when
administered to laboratory animals, and no signifi-
cant teratogenic or other adverse reproductive ef-
fects have been demonstrated [2]. The semisynthetic

cellulosic ethers are similar to the so-called water-
soluble fibers in that the polymeric backbone con-
sists of a polysaccharide [3,4]. It has been shown
that, when HPMCs are administered in doses much
higher than those usually used in the pharmaceuti-
cal industry, they are capable of reducing postpran-
dial blood glucose elevation in healthy dogs [5] and
in humans with non-insulin dependent diabetes [6],
and, also, they are effective in the clinical treatment
of mild hypercholesterolemia [7]. These effects are
most likely modulated via changes in the hydrody-
namics in the gastrointestinal tract, since HPMCs
are neither metabolized in nor absorbed from any
part of the gastrointestinal tract [2,8]. Canine studies
indicate that, as with other water-soluble fibers,
HPMCs form viscous solutions whose viscosity is
maintained intralumenally at values several orders
of magnitude higher than viscosities usually ob-
served after the consumption of regular meals
[9,10].
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In a recent paper we have demonstrated that the
increased intralumenal viscosity, required for the
effect of a water-soluble fiber (guar gum) on carbo-
hydrate and/or lipid metabolism, may affect drug
absorption in dogs [11]. As a continuation of those
studies we report here on the effect of HPMCs on
the oral absorption of the same drugs, i.e. paraceta-
mol, mefenamic acid, hydrochlorothiazide, and
cimetidine. It was expected that due to differences
in the doses required for the two polymers to exert
their hypoglycemic and/or hypolipidemic effects,
their different viscosity characteristics and the fact
that, in contrast to HPMC, guar is metabolized in
the large intestine [12], the effects that these two
polymers exert on drug absorption may differ.

Methods

Materials and HPMC Solutions

All chemicals used in this study, apart from
HPMCs, were obtained from the same manufactur-
ers reported previously [11] and were of the same
analytical grade.

Two types of HPMCs were tested. The first was a
blend of 15% K15M Methocel® (number molecular
weight, Mn:120000 [13]) and 85% K100M
Methocel® (Mn:250000 [13]), namely K8515
HPMC, preblended by The Dow Chemical Com-
pany (Lotc MM920103). The second was a hydrox-
ypropylmethylcellulose with ultra high molecular
weight (Mn:450000–600000, Lotc MM920131-1),
namely UHMW HPMC (Dow Chem. Co.). To pre-
pare solutions of HPMC (either K8515 or UHMW),
the appropriate amount was slowly added to nor-
mal saline under rigorous agitation conditions at
about 80°C. After dispersion of the solid particles in
the liquid, the suspension was brought initially at
room temperature and then at about 2–3°C under
continuous stirring, so that a clear HPMC solution
was formed. Solutions so prepared were stored in
the refrigerator for up to 1 week.

In Vivo Viscosity Measurements

The viscosity characteristics of an isoosmotic (with
NaCl) 2% K8515 HPMC solution and the ability of
such solution to maintain its input value intralume-
nally has been studied previously using the fistu-
lated canine model [14]. Similar measurements
using identical methodology were performed in this
study for the 1.5% UHMW HPMC solution. Intralu-
menal viscosities were measured in three medium
sized (18–27 kg) female mongrel dogs fistulated at
midgut. On three separate occasions each dog was
administered 500 mL of 1.5% UHMW HPMC con-
taining 0.9% NaCl and 0.8% PEG 4500 (as the non-
absorbable marker) under fasting conditions via an

orogastric tube (3×3=9 number of measure-
ments). The chyme collected from midgut (recovery:
80–100% of the administered solution, based on
PEG measurements) was pooled and its viscosity
was measured. The use of this model had been
approved by the University of Michigan Committee
on Use and Care of Animals.

Both input viscosities and intralumenal viscosities
were measured at 37°C with a Contraves Rheomat
135-S rotational Viscometer (Cincinnati, OH) using
the DIN 125 measuring system. HPMC is known to
exhibit pseudoplastic flow [13], i.e. the viscosity
decreases dramatically as the shear rate increases.
To obtain a global picture of the viscosity character-
istics without the use of a model, viscosity measure-
ments were performed at three different shear rates
(1, 100, and 1000 s−1).

Dissolution Studies

Dissolution rates were measured in a rotating disk
apparatus [15]. The dissolution medium consisted
of normal saline containing either 1.8% K8515
HPMC or 1.3% UHMW HPMC. The rotating disk
apparatus consisted of a water-jacketed beaker
maintained at 37°C with a circulating water bath
(Edmund Bühler, Tübingen, Germany) and a stain-
less-steel Wood’s die, which was supported by a
stainless steel holder and attached via a shaft to an
overhead synchronous motor (Hanson Res. Corp.,
Chatsworth, CA, USA). One centimetre diameter
disks of pure drug were compressed in a Perkin-
Elmer press at 2000 psi for 1 min. The stainless steel
die supporting the drug disk was immersed in 200
mL of dissolution medium which had been pre-
warmed in the jacketed beaker. For each drug, 200
or 400 mL samples were drawn from the dissolution
medium at appropriate time intervals, with equiva-
lent volume replacement with dissolution medium.
For each drug, the procedures for the initial elimi-
nation of the HPMC and the subsequent drug anal-
ysis in the samples have been described previously
[11,16]. Each drug was studied at rotational speeds
of 50, 100 and 150 rpm (n=2 per rotational speed),
over the period in which the concentration in the
medium stayed below 10% of the solubility. The
initial dissolution rates were estimated from the
slopes of the initial linear portions of the concentra-
tion–time plots, and their concurrence for each
drug/rpm/medium combination checked with a
t-test [17]. All data from each set were subsequently
pooled to estimate the initial dissolution rate under
a given experimental condition. Initial dissolution
rates were estimated with the slope of the regres-
sion line (0.925r51.000) of concentration versus
time data, (slope)diss.

For each rotational speed, the apparent first-order
dissolution rate constant, kdiss, was estimated using
the following equation:
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(slope)diss=kdissCs

where Cs is the saturation solubility. Regardless of
the presence of HPMC in the medium, for all drugs
Cs values in water (37°C) were used for estimating
the apparent dissolution rate constants. These val-
ues were taken from the literature [11,18–20]. Com-
parisons of the dissolution rate constants in the
HPMC media with the dissolution rate constants
estimated previously in a control medium, i.e. nor-
mal saline, under identical conditions [11], were
made with t-test by normalizing the slopes and
their associated standard error of estimate with the
corresponding Cs value and applying the Bonferroni
correction at the 0.05 level [17].

Diffusion Studies

The effect of K8515 HPMC and UHMW HPMC on
the diffusivity of the four drugs was evaluated with
the Franz cell [11,21]. The two compartments were
separated with a dialysis membrane (Visking, dialy-
sis tubing, Serva Feinbiochemica, exclusion limit
8000–15000 Da). The donor compartment solution
consisted of drug and normal saline containing 2%
K8515 HPMC or 1.5% UHMW HPMC, while the
receptor compartment solution was composed of
normal saline, which was held at 37°C and stirred
magnetically to ensure homogeneity. The initial
concentration of drug in the donor compartment
was 1.00 mg mL−1 (paracetamol), 100 mg mL−1

(hydrochlorothiazide) and 600 mg mL−1 (cime-
tidine). These concentrations correspond to the
‘dose/normal saline volume’ ratios used in the in
vivo studies. Due to its low aqueous solubility, 3.00
mg mL−1 solution of mefenamic acid was used. The
methods of drug assay in the receptor compartment
have been reported previously [11].

For each drug, 200 or 400 mL samples were drawn
from the receptor compartment after 0, 0.25, 0.50,
1.0, 1.5 and 2.0 h. An equivalent volume of saline
was added to the receptor compartment after each
sampling time to restore the compartment volume
of 15 mL. At the end of the experiment, corrections
for the dilution of the receptor solution resulting
from the successive samplings were made. Experi-
ments were run in triplicate. The initial diffusion
rates were estimated from the slopes of the plots of
concentration in the receptor compartment versus
time, using only data obtained under sink (B20%
equilibrium concentration) conditions. Confirmation
that the three repetitions resulted in regression lines
with consistent slope and intercept was made with
one factor analysis of covariance (ANCOVA) at the
0.05 level (SuperAnova®, Abacus Concepts, Berke-
ley, USA). All data from the three repetitions were
then pooled to estimate the initial diffusion rate
under a given experimental condition. Initial diffu-
sion rates were estimated with the slope of the

regression line (0.935r50.998) of concentration
versus time data, (slope)diff. The apparent first-order
diffusion rate constant, kdiff, was estimated using the
following equation:

(slope)diff=kdiffCeq

where Ceq is the drug concentration at equilibrium.
Comparisons of the diffusion rate constants in the
HPMC media with the diffusion rate constants esti-
mated previously in a control medium (i.e. normal
saline, under identical conditions [11]) were made
with a t-test by normalizing the slopes and their
associated standard error of estimate with the corre-
sponding Ceq value and applying the Bonferroni
correction at the 0.05 level [17].

Binding Studies

The ability of HPMCs to interact with the drugs was
assessed with a Dianorm® equilibrium dialyser with
Teflon dialysis cells (type macro 2, Diachema AG
Rushlikon, Zurich, Switzerland). The dialysis mem-
branes (Diachema, type 10-14) had a declared
molecular weight cutoff of 5000 Da. In each case, 3.5
mL drug solution in normal saline were dialysed
against 3.5 mL of 2% K8515 HPMC or 1.5% UHMW
HPMC solution containing equivalent drug concen-
tration. The initial concentrations (mg mL−1) in both
compartments ranged between 200 and 1.00×103

for paracetamol, 0.600 and 3.00 for mefenamic acid,
20.0 and 100 for hydrochlorothiazide, and, 120 and
600 for cimetidine. Experiments were carried out in
triplicate at 37°C. Concentrations in both compart-
ments were measured after equilibration using the
procedures previously described [11].

In Vivo Studies

Absorption of the four drugs was studied in four
female mongrel dogs, ranging in weight from 20 to
27 kg and in age from 2 to 4 years. For each drug
study the appropriate dose was administered under
fasting conditions in the form of one or two soft
gelatin capsules (filled in the laboratory and con-
taining no excipients) along with 500 mL of normal
saline containing either 2% K8515 HPMC or 1.5%
UHMW HPMC. In all cases, the solution was
warmed to 37°C for 1 h in an incubator prior to
administration. This period was sufficient to in-
crease the temperature of the administered solution
to physiological values without affecting its rheo-
logical properties. The four drug studies were sepa-
rated by approximately a month, and within each
drug study the washout period between phases was
at least 2 weeks for each dog. A protocol identical
with that previously described was utilized [11].
The studies were approved by the Committee for
Research of the University of Athens for all four
drugs. Table 1 shows the administered dose and the

© 1998 John Wiley & Sons, Ltd. Biopharm. Drug Dispos. 19: 523–530 (1998)



C. REPPAS ET AL.526

Table 1. The doses and the sampling schedules for each of the four pharmacokinetic studies performed in dogs

Sampling times (h) after dose administrationType of study Dose administered
(mg)

0, 0.5, 1, 1.5, 2, 3, 4, 6, 8Paracetamol study 500
0, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 24Mefenamic acid study 250
0, 0.5, 1, 2, 3, 4, 5, 6, 8, 10, 12, 2450Hydrocholothiazide study

300Cimetidine study 0, 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, 2, 2.25, 3, 3.5, 4, 5, 6, 8, 10, 12

Table 2. Mean (S.D.) values (in centipoisse, cP) of the input viscosity and the average viscosity of
chyme (based on PEG measurements) collected from the midgut of three fistulated dogs following the
administration of 500 mL of 1.5% UHMW HPMC solution under fasting conditionsa

Shear rate (s−1)

100 10001

1.93×103 (0.02×103) 271 (5.5)2.91×104 (0.22×104)Pre-administered solutionb

1.43×103 (0.15×103)Chyme at midgutc 242 (35)2.02×104 (0.57×104)

a All measurements were carried out at 37°C.
b n=9.
c n=9 (three dogs times three administrations per dog).

sampling schedule for each drug study. The analyt-
ical procedures used for the determination of serum
drug concentration in each drug study, along with
their corresponding accuracy and precision data,
have been reported previously [11].

The maximum serum concentration, Cmax, and the
time that this occurred, Tmax, were directly obtained
from the concentration versus time plots. The area
under the concentration versus time plots up to the
last quantifiable concentration, AUClqc, was calcu-
lated with the linear trapezoidal rule. The values of
these pharmacokinetic parameters were compared
with the values previously estimated after the ad-
ministration of identical drug formulations/doses
with 500 mL normal saline to the same dogs under
identical conditions [11]. Differences in Cmax and
AUClqc values among the treatments were statisti-
cally assessed at the 0.05 level by two factor analysis
of variance, with dogs and dosing conditions as the
factors (SuperAnova®, Abacus Concepts, Inc.,
Berkeley, USA). Paired between treatments com-
parisons were performed with the Scheffe’s post hoc
test. Tmax values were compared with the Friedman
test (Statview®, Abacus Concepts, Berkeley, USA).

Results

The viscosity of the 1.5% UHMW HPMC solution
and the average viscosity of the midgut contents
after the administration of this solution in dogs are
shown at three different shear rates in Table 2.

The apparent first order dissolution rate constants
at 150 rpm in absence [11] and presence of HPMCs
are presented in Table 3. The reductions in the
dissolution rate constant resulting from the addition
of 1.8% K8515 HPMC or 1.3% UHMW HPMC to the

medium were more than 11-fold and 13-fold, re-
spectively, for paracetamol, 10-fold and 8-fold for
mefenamic acid, 7-fold and 4-fold for hy-
drochlorothiazide, and 17-fold and 8-fold for cime-
tidine. Similar reductions were observed at lower
rotational speeds (data not presented). The de-
creases in the dissolution rate observed with HPMC
are in accordance with previous studies on drug
dissolution in viscous media [9,11].

The apparent diffusion rate constants of the four
drugs in the absence [11] and presence of HPMC
are presented in Table 4. The presence of 2% K8515
HPMC resulted in a reduction of the diffusion rate
constant of paracetamol by 46% whereas the effect
did not reach significance for the 1.5% UHMW
HPMC case. The presence of K8515 HPMC and
UHMW HPMC decreased the diffusion rate con-
stants of mefenamic acid (by 34 and 33%, respec-
tively), hydrochlorothiazide (by 43 and 34%,
respectively) and cimetidine (by 38 and 39%,
respectively).

In accordance with previous studies where guar
gum was tested, the binding data indicated that
none of the drugs interact to an appreciable extent
with either K8515 HPMC or UHMW HPMC. For
every drug, at all concentrations tested, the concen-
tration of free drug remained within assay error of
the original concentration.

The average serum concentration versus time
profiles for each drug are shown in Figure 1, and
the corresponding pharmacokinetic parameters are
presented in Table 5. Coadministration of 2% K8515
HPMC or 1.5% UHMW HPMC in 500 mL normal
saline with 500 mg of paracetamol resulted in a 38
and 54% reduction in the Cmax, respectively, but had
no significant effect on the AUClqc or Tmax. No
significant effects were observed on the three phar-
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Table 3. Apparent first-order dissolution rate constants (h−1) for paracetamol, mefenamic acid, hydrochlorothiazide, and
cimetidine determined with the rotating disk apparatus (37°C at 150 rpm) in normal saline which contained or did not contain
HPMCa

Dissolution medium

1.8% K8515 HPMC in 1.3% UHMW HPMC inNormal salineb

normal salinenormal saline

Paracetamol 0.02494 (0.00039) 0.00210 (0.00014)* 0.00192 (0.00006)*
0.00144 (0.00007)* 0.00180 (0.00015)*Mefenamic acid 0.01482 (0.00057)
0.00474 (0.00014)* 0.00720 (0.00025)*0.0341 (0.0030)Hydrochlorothiazide

0.02253 (0.00020)Cimetidine 0.00132 (0.00010)* 0.00276 (0.00022)*

a Standard error of estimation in the parentheses.
b These data have been taken from Reference [11].
* Statistically significant differences from normal saline at the 0.05 level.

Table 4. Apparent first-order diffusion rate constant (h−1) for paracetamol, mefenamic acid, hydrochlorothiazide, and cime-
tidine determined with the Franz cell in the absence and presence of HPMC in the donor compartmenta

Solution of the donor compartment

Normal salineb 2% K8515 HPMC in 1.5% UHMW HPMC in
normal saline normal saline

0.1014 (0.0066)* 0.1284 (0.0078)Paracetamol 0.188 (0.027)
0.165 (0.011) 0.1680 (0.0036)*0.250 (0.016)Mefenamic acid

0.153 (0.018)Hydrochlorothiazide 0.0870 (0.0090)* 0.1008 (0.0090)*
0.1265 (0.0070) 0.0786 (0.0030)* 0.0774 (0.0024)*Cimetidine

a Standard error of estimation in the parentheses.
b These data have been taken from Reference [11].
* Statistically significant differences from normal saline at the 0.05 level.

macokinetic parameters for mefenamic acid and hy-
drochlorothiazide. Coadministration of 2% K8515
HPMC or 1.5% UHMW HPMC in 500 mL normal
saline with 250 mg of cimetidine decreased the
AUClqc (by 48 and 40%, respectively) and Cmax (by
71 and 73%, respectively), but had no significant
effect on Tmax values.

Discussion

Selection of the 500 mL 2% K8515 HPMC and 500
mL 1.5% UHMW HPMC solutions was based on
previous studies which showed that these HPMC
combinations, administered as single doses of 10 or
7.5 g, respectively, are capable of regulating post-
prandial blood glucose levels in dogs [5] and hu-
mans [6] and blood lipid levels in humans [7,22].

The results in Table 2 indicate that the viscosity of
the chyme recovered from canine midgut is 11–31%
lower than the input viscosity of the 1.5% UHMW
HPMC solution, depending on the shear rate used
for the measurement. A reduction of about 50% had
been previously observed for the K8515 HPMC
solution [11]. Given the stability of HPMC in the
acidic gastric environment [13], it seems likely that
the decrease in viscosity is attributable to dilution of
the solution by gastrointestinal (GI) secretions and/
or interaction of HPMC with intralumenal compo-
nents such as the bile salts [23,24]. Because of the

significant decrease in viscosity during transit
through the GI tract, we elected to conduct the in
vitro dissolution experiments at viscosities reflective
of the intralumenal conditions rather than the input
viscosities. According to the manufacturers of the
Methocels® [13], the equation which expresses the
approximate relationship between solution viscosity
and polymer concentration is:

n1/8= (Cxa)+1

where n is the solution viscosity in centipoisse (cP),
C is the polymer concentration in solution (ex-
pressed in percent) and a is a constant specific to
the molecular weight. The value of a may be used
to calculate the approximate viscosity at the desired
concentration. For example, according to Table 2 the
viscosity of a 1.5% UHMW solution at 37°C is about
29100 cP at 1 s−1. Using the above equation, it can
be calculated that a=1.74. Using this value of a, it
can be calculated that for a viscosity of about 20200
cP (Table 2) the concentration of UHMW HPMC
should be about 1.4%. The same result would be
obtained if values at other shear rates were used.
However, since the above equation expresses the
‘approximate’ relationship between solution viscos-
ity and polymer concentration, similar calculations
were performed using the actual viscosity data of
1% UHMW HPMC solution. These mean data were
10570 cP (at 1 s−1) and 652 cP (at 100 s−1) (not
presented in the text). By using these data and the

© 1998 John Wiley & Sons, Ltd. Biopharm. Drug Dispos. 19: 523–530 (1998)



C. REPPAS ET AL.528

Figure 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. �, prototype capsule(s) with 500 mL normal
saline [11]; 
, prototype capsule(s) with 500 mL of 2% K8515 HPMC in normal saline; , prototype capsule(s) with 500 mL of 1.5%
UHMW HPMC in normal saline

same equation it can be calculated that the viscosity
values in mid-jejunum (Table 2) correspond to a
1.2% UHMW HPMC solution. It was concluded that
a concentration of 1.3% would better simulate the
intralumenal viscosity characteristics and, therefore,
it was this concentration which was used in the
dissolution studies. Using the same method it was
further concluded that 1.8% K8515 HPMC should
be used as the dissolution medium.

Binding of the four drugs to and their diffusion in
presence of HPMCs were identical to those ob-
served with guar [11]. Based on the binding data,
for all drugs there is practically no drug-HPMC
interaction. This observation in conjunction with the
non-ionic nature of the HPMCs allowed us to use
the solubility values in water (37°C) for estimation
of the dissolution rate constants in all cases and
regardless of the presence of HPMC in the medium.
The dissolution data indicate that, for mefenamic
acid and cimetidine, dissolution is suppressed to a
greater extent by both HPMCs than by guar [11].

Paracetamol Study

Paracetamol levels peaked within 1–1.5 h after ad-
ministration with the control solution (Table 5).
These results, together with the almost complete
absorption of paracetamol when dosed in dogs un-
der fasted state conditions [25], indicates that parac-
etamol is rapidly and completely absorbed from the
upper intestine. It has been further shown that the
absorption kinetics of paracetamol are highly de-
pendent on the gastric emptying pattern [26]. The

results of this study are fully consistent with this
behavior. The trend toward a longer Tmax value and
the significantly lower Cmax observed with both
HPMC formulations (Table 5) are consistent with an
accompanying delay in gastric emptying. We have
previously shown that 2% K8515 HPMC solution
empties slower than normal saline from the canine
stomach [14]. A lack of resultant effect on the
AUClqc probably reflects the high capacity for ab-
sorption of this compound from the small intestine.
Coadministration of 3% guar in 500 mL normal
saline with the paracetamol dose [11] resulted in an
even greater reduction in the Cmax and a significant
(28%) reduction in the AUClqc. The greater effect of
the 3% guar gum may be linked to the greater
viscosity achieved at that concentration of guar.

Mefenamic Acid Study

As in the previous studies with guar [11] the ab-
sorption of this drug was erratic (Figure 1B, Table 5)
making it difficult to draw any conclusions from the
data on a statistical basis. The long Tmax values,
even in the absence of HPMC administration, indi-
cate that delays in gastric emptying would be un-
likely to affect the absorption profile to any
appreciable extent. When HPMCs were coadminis-
tered, there was a trend for the Tmax values to be
delayed, but neither these or the differences in Cmax

values were statistically significant. Likewise no dif-
ferences were observed in the AUClqc values among
the three phases. Mefenamic acid has an exception-
ally high permeability (about 3 times as high as

© 1998 John Wiley & Sons, Ltd. Biopharm. Drug Dispos. 19: 523–530 (1998)
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caffeine) [27] and due to its lipophilicity it can be
assumed that is well absorbed from all regions
throughout the small and the large intestine. There-
fore, the erratic absorption of mefenamic acid
is most likely related to its low aqueous solubility
[28] and the poor wetting properties of the mi-
cronized powder used in this study [11]. Although
HPMCs decrease the dissolution rate of this com-
pound even more than guar, it is likely that the
continued absorption throughout the GI tract of this
highly lipophilic drug would preclude the manifes-
tation of any differences in dissolution rate in the
AUC.

Hydrochlorothiazide Study

In contrast to mefenamic acid, absorption of this
drug is limited by its low permeability rather than
its dissolution characteristics [29]. Tmax values were
on the order of 3 h irrespective of HPMC coadmin-
istration (Table 5). These Tmax values are consistent
with slow absorption from the upper GI tract and
indicate that changes in gastric emptying associated
with administration of HPMCs are not very likely to
be reflected in the absorption profile. As expected,
no significant effects on Tmax, Cmax or AUClqc were
observed. Coadministration of a 3% guar solution,
in contrast, had been shown to reduce the Cmax by
59% and AUClqc by 35% compared with the control
solution [11]. As in the case of paracetamol, the
difference between results with guar and HPMCs
can probably be linked to the higher viscosity gen-
erated by the guar solution.

Cimetidine Study

Cimetidine, like paracetamol, is a highly soluble
drug with a short Tmax. Furthermore, it has been
shown that the rate and pattern of cimetidine ab-
sorption is dependent on the gastric emptying pro-
file [30]. Unlike paracetamol, however, it is not
completely absorbed after oral administration. Re-
cent studies have shown that the permeability of the
gut wall to this compound is low [31], even though
it has been shown that cimetidine is absorbed from
the colon as well as the small intestine [32,33]. The
trend toward longer Tmax and the significantly
lower Cmax after administration with the HPMCs
are reflective of the slower gastric emptying in
presence of HPMCs. The extent of absorption also
decreased, in contrast to the behavior in presence of
guar. We hypothesize that this effect is related to
the differences in fermentation between guar and
HPMC. Guar, a natural polysaccharide, is fer-
mented [12] to a far greater extent by bacteria in the
colon than the semisynthetic HPMC [8]. Fermenta-
tion leads to a reduction in the viscosity of the
fluids and thereby should permit better contact of
the drug solution with the gut wall and subse-
quently more efficient drug absorption. Our hy-
pothesis is supported by the relatively long Tmax (ca.
7 h) after administration with guar [11], compared
with that after administration with HPMCs (ca. 3 h).

In conclusion, it appears that the effects of the
HPMCs on oral drug absorption in dogs are most
pronounced for compounds with gastric emptying
dependent absorption profiles, i.e. compounds that
are highly water-soluble and that exhibit short Tmax

Table 5. Pharmacokinetic parameters for paracetamol, mefenamic acid, hydrochlorothiazide, and cimetidine following single dose
administration of prototype hard gelatin capsule(s) with 500 mL normal saline (containing or not containing HPMC) to four dogsa

AUClqc Cmax TmaxDrug/HPMC
(mg · mL h−1) (mg mL−1) (h)

Paracetamol
1.2 (1.0–1.5)8.1 (2.6)No HPMCb 15.1 (7.4)

5.0 (1.4)*12.5 (4.9) 1.9 (1.5–3.0)2% K8515 HPMC
1.5% UHMW HPMC 11.8 (5.6) 3.7 (0.9)* 2.0 (1.0–3.0)

Mefenamic acid
No HPMCb 35 (15) 3.5 (0.7) 6.0 (3.0–10)

26.1 (5.4) 2.2 (0.7) 11 (6.0–24)2% K8515 HPMC
34 (10)1.5% UHMW HPMC 4.8 (1.9) 8.0 (8.0–10)

Hydrochlorothiazide
4.0 (4.0–5.0)0.90 (0.11)4.84 (0.74)No HPMCb

0.68 (0.39)4.42 (1.07) 2.5 (2.0–4.0)2% K8515 HPMC
3.61 (1.71) 0.50 (0.21) 3.5 (2.0–5.0)1.5% UHMW HPMC

Cimetidine
No HPMCb 30.9 (5.1) 9.9 (2.8) 1.4 (1.0–2.2)

16.2 (2.1)*2% K8515 HPMC 3.2 (2.0–3.2)2.9 (0.54)*
1.5% UHMW HPMC 18.6 (5.6)* 2.7 (0.81)* 3.0 (2.2–3.5)

a Values are mean (S.D.) for AUClqc and Cmax and median (range) for Tmax.
b These data have been taken from Reference [11].
* Significant differences from ‘No HPMC’ at the 0.05 level.

© 1998 John Wiley & Sons, Ltd. Biopharm. Drug Dispos. 19: 523–530 (1998)
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values. Compounds with long absorption profiles,
whether these be due to low permeability (e.g.
hydrochlorothiazide) or poor solubility (e.g. mefe-
namic acid) are less susceptible to changes in ab-
sorption behavior due to coadministration of
HPMCs. To predict the effect of different water-sol-
uble polymers on drug absorption, it appears that
not only the pharmacokinetic properties of the drug
must be considered, but also the sites of absorption
of the drug within the GI tract and the viscosity
achieved by the polymer in the gut, which in turn is
dependent on the type and concentration of the
polymer. Last but not least, extrapolation of these
conclusions to humans should be made only in the
light of quantitative differences in the GI physiol-
ogy between dogs and humans [34].
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