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This study is designed, to find out the effect of innate lipid solubility on buccal absorption of
basic drugs with similar pka values. Allopurinol hydrochloride, nortriptyline hydrochloride and
procainamide hydrochloride with Pka values 9.4, 9.7 and 9.2 respectively were selected for in
vivo (buccal absorption test) and in vitro (I-octanol/buffer partitioning coefficient) study at pH
range 6-10. Results found that the mean percentage of buccal partitioning and/I-octanol partitioning of allopurinol hydrochloride was decreased with the increase in pH from 6.0-10. On the
other had mean percentage of buccal partitioning and I-octanol partitioning of procainamide
hydrochloride and nortriptyline hydrochloride was increased with the increase in pH from 6.010. It is concluded that although the drugs studied have nearly similar Pka values their lipid
solubility is widely variable. A good correlation between buccal and I-octanol partitioning
excluded the possibility of interaction between these drugs and I-octanol. Decrease in lipid solubility of allopurinol hydrochloride with increase in pH needs further evaluation.
Drug absorption is a very complex process that
manifests itself through potential interaction with
a host of physiochemical and physiological variables. Some factors that may affect the absorption
processes include presystemic metabolism/cefflux,
the “absorption window” along the gastrointestinal
tract, disease states, demographics (gender, age,
ethnicity), and biopharmaceutical classification of
solid dosage forms.1,2 The oral absorption of any
chemical entity reflects a complex spectrum of
events. Factors influencing product bioavailability
include drug solubility, permeability, and the rate
of in vivo dissolution.3 A drug after being administered crosses various aqueous and lipid barriers
before it reaches the site of action. Physiochemical
properties of drugs suggest that the water soluble
drugs with molecular weight less than 200 dalton
may diffuse passively through aqueous channel of
cell membrane.4 It is evident that pharmacologically active drug must be soluble to some extent
both in lipid and water.5
Higaki and coworkers proposed6,7 the mechanism of drug absorption. They observed that the
drug binds to proteins of mucosa. The drug then
diffuses across the lipid membrane of the mucosa,
passing through its various layers and then enters
the body fluids. It is found that protein binding
within the membrane would influence but there
may be some loss of drug from oral cavity. They
found that although protein binding is not involved in buccal absorption, it does serve to concentrate the drug at or near the surface of the buccal

mucosal membrane, thus increasing the rate of absorption.8
Drugs used in clinical practice are mostly weak
electrolytes. They are present in various tissues
and body fluids in ionized or unionized state depending upon pH of the tissue. Their transmembrane
diffusion mainly depends upon their Pka values,
degree of ionization and relative lipid/water solubilities.10 Antidepressant drugs are extensively metabolised prior to elimination from the body. These metabolites usually have biological and chemical properties different from of the parent drug.11
Allopurinol acts on purine catabolism without
disrupting the biosynthesis of purines. It reduces
the production of uric acid by inhibiting the enzyme xanthine oxidase and thus inhibits the conversion of xanthine to uric acid. The use of allopurinol
blocks the formation of urates and avoids the hazard of hyperuricaemia of uric acid posed by uricosuric drugs. Allopurionol is approximately 90%
absorbed from the gastrointestinal tract. Its renal
clearance rate is rapid and approximates that of
glomerular filtration rate.12
Procainamide hydrochloride is an anti-arrhythmic drug. It is free base with Pka 9.23. It increases the effective refractory period of the atria, and
to a lesser extent, the bundle of Hiss, Purkinje system and ventricles of the heart. It reduces impulse
conduction velocity in the artia, Hiss-Puakinje fibers and ventricular muscle, but has variable effects
on the atrioventricular (A-V) node, a direct slowing action and weaker vagolytic effect which may
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produce slight acceleration of heart rate, while high or toxic concentrations may prolong A-V conduction time or induce A-V block, or even cause abnormal automaticity and spontaneous firing by
unknown mechanisms. The elimination half life of
procainamide, is three to four hours in patients
with normal renal function.13
Nortriptyline hydrochloride is water soluble
practically insoluble in most organic solvents. The
mechanism of mood elevation by tricyclic anti-depressants is at present unknown. However it inhibits the activity of diverse agents such as histamine, 5-hydroxytrypamine, and acetylcholine. Studies suggest that nortriptyline interferes with the
transport, release, and storage of catecholamines.
Operant conditioning techniques in rats and pigeons suggest that nortriptyline has a combination of
stimulant and depressant properties.16
The present study is designed to find out effect
of innate lipid solubility on buccal absorption of
basic drugs with similar Pka values.
MATERIALS AND METHODS
Allopurinol hydrochloride, nortriptyline hydrochloride and procainamide hydrochloride with Pka
values 9.4, 9.2-9.7 and 9.2 respectively were selected for in vivo and in vitro study. Base powder of
drugs was received from Glaxo Welcome Pharmaceutical company Limited, Pakistan, and BristolMeyer-Squibb Pharmaceutical Company. Innate lipid solubility of drugs were determined by buccal
absorption test (in vivo study) and by I-octanol/
buffer partitioning coefficient at various pH from
6-10 (in vitro study).15,16
Buccal absorption test

The study was carried out on 18 volunteers of either sex with ages 20-60 years. The volunteers were
divided into three groups. Group A, group B, and
group C. Each group consists of 6 volunteers.
An individual having any disease of oral cavity
either acute or chronic was excluded from the study. Habitual user of pan, cigarette, snuff or alcohol
was also not included in the study and to eliminate
any possible effects of extraneous factors use of
toothpaste, miswak, mouth freshener etc, was not
allowed two hours prior to the buccal test.
Volunteers were asked to rinse their mouth with plain water to remove any food particles etc.
The mouth was then rinsed with 20 ml of freshly
prepared Sorensen phosphate buffer (pH 6.0) for
30 seconds (to adjust the pH of the oral cavity)
and discarded. The volunteers of group A, B and C
were given 20 ml of allopurinol hydrochloride,
procainamide hydrochloride and nortriptyline hydrochloride respectively dissolved in pH 6 buffer
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(100 µg/ml) to keep in mouth for five minutes.
They were asked to swirl it around the oral cavity
approximately once per 5 seconds. After 5 min, they expelled the fluid in a beaker. To wash out any
unabsorbed drug adhering to oral mucosa and teeth, immediately after this they rinsed their mouth
with 20 ml of blank buffer of pH 6.0 for 10 sec. This fluid was expelled in the same beaker. Quantitation of drug expelled in buccal fluid was done on
Schimadzu ultraviolet spectrophotometer. Buccal
absorption test of drug at pH -10 was estimated
using the same procedure.
I-octanol/buffer partitioning test

Study was carried out on 9 test samples. The test
samples were divided into three groups i.e. group
A. group B and group C. Each group consisted of 3
test samples. Fifty ml of allopurionol hydrochloride, procainamide hydrochloride and nortriptyline hydrochloride respectively each (50 µg/ml)
dissolved in sorensen buffer (pH 6.0 was added to
equal volume of I-octanol. It was then shaken for
20 min. After separation of I-octanol and buffer
phases, amount left in buffer phase was determined spectrophotometerically. I-octanol / buffer partition coefficient of drug at pH 7-10 was determined similarly. Percentage of drug partitioned in Ioctanol and partition coefficient was calculated by
formulation.
Statistical analysis

Data was analysed by regression analysis and “p”
value was found out. Correlation coefficient “r” between percentage buccal partitioning and percentage of drug under study at different pH was calculated.
RESULTS
Table 1 shows the mean percentage of buccal partitioning of allopurinol hydrochloride was decreased
from 37.12 to 13.089 with the increase in pH from
6.0-10. On the other mean percentage of I-octanol
partitioning was sharply decreased from 41.28 to
5.88 with the increase in pH from 6.0-10. The correlation coefficient “Y” between mean percentage
buccal partitioning of allopurinol hydrochloride
over the pH range 6-10 was highly significant (r=
0.89, P<0.001).
Table 2 shows that mean percentage of buccal
partitioning of procainamide hydrochloride was
increased from 3.99 to 24.08 with an increase in
pH from 6.0-10. Mean percentage of I-octanol partitioning sharply increased from 5.6 to 55.1 with an
increase in pH from 6.0-10. Correlation coefficient
“Y” between mean percentage buccal partitioning
and I-octanol partitioning of procainamide hydrochloride over the pH range 6-10 was very highly
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significant (r = 0.98, P
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The mean percentage of buccal partitioning of
nortriptyline hydrochloride was highly increased
with an increase in pH. Mean percentage of Ioctanol partitioning was also sharply increased
with the increase in pH. Correlation coefficient “r”
between mean percentage buccal partitioning and
I-octanol partitioning of nortriptyline hydrochloride over the pH range 6-10 was highly significant.
The study is in agreement with a study of group of
workers who also observed the same results. It was
confirmed that the input time of the some drugs be
higher for pH 6 infusion than for pH 4.21
However other studies showed that in normal
subjects a higher apparent oral drug clearance is
nevertheless perfect as compared to see the oral
clearance in patients.22
It is concluded that although the drugs studied have nearly similar Pka values, their solubility
is varied widely. A good correlation between buccal and octanol partitioning excluded the possibility of interaction between these drugs and octanol. Decrease in lipid solubility of allopurinol hydrochloride needs further evaluation.
REFERENCES
1. Agoram B, Woltosz WS, Bolger MB. Predicating the
impact of physiological and biochemical processes
on oral drug bioavailability. Adv Drug Deliv Rev.
2001 Oct 1; 50 Suppl : 541-67.
2. Zhou H. Pharmacokinetic strategies in deciphering
atypical drug absorption profiles. Clin Pharmacol
2003 Mar; 43 (3): 211-27.
3. Martinez MN, Amidon GL. A mechanistic approach
to understanding the factors affecting drug absorption: a review of fundamentals. 3 clin Pharmacol,
2002 Jun; 42 (6): 620-43.
4. Blacker WM, Reece JB, Poenie MF. The world of
the cell. 3rd ed. The Benjamin comings publishing
company, Mexico, 1995; 177: 225.
5. Robert WJ, Sloan KB. Correlation of aqueous and
lipid solubilities with flus for prodrugs of 5-fluorouracil, theophylline and 6-mecraptourine. A PottsGuy approach. J Pharma Sci, 199; 88: 515-22.
6. Higaki K, Yamashita S, Amidon GL. Time-dependent oral absorption models. J Pharma-cokinet
Pharmacodyn 2001 Apr; 28 (2): 109-28.
7. Deardon JL and Tomlinson L. A new buccal absorption model. J Pharm. Pharmac. 1971; 23: 68-72.
8. Lydiard RB. Tricyclic-resistant depression: treatment resistance or inadequate treatment? J Clin
Psychiatry, 1985 Oct; 46 (10): 412-7.

Biomedica Vol. 23 (Jul. - Dec. 2007)

SEEMI GUL, ASIMA MALIK, NASIM AKHTAR et al

9.

10.

11.
12.
13.

14.
15.

16.
17.

18.

19.

20.
21.

22.

Murata K, Tagwa K, Noda K, Samejima M. Pharmacokinetic analysis of single-or multiple-dose plasma
drug concentration data with a micro-computer
using multi-fraction absorption models. K Pharm
Sci. 1989 Feb; 78 (2): 154-9.
Rowland M, Tozer TN. Movement through membranes. In: clinical pharmacokinetics, concepts and
application. 2nd ed. Lea-Febiger. New York. 1989:
103-112.
Potter WZ, Manji HK. Antidepressants, metabolites, and apparent drug resistance. Clin Neutropharmacol. 1990; 13 Suppl 1: S45-53.
Katzung BG and Furst De. Basic and clinical pharmacology. 9th ed. Appleton and Lange Norwalk,
1998: 483-94.
Mycek MJ, Harvey RA and Champe PC. Pharmacology: Antiinflammatory drugs and autacoids 2nd
ed. Lippincott Williams and wilkins, Philadelphia,
2000.
Insl PA. Goodman and Gilman’s The pharmacological. Basis of therapeutic. 10th ed. 2000.
Becket AH and Triggs EJ. Buccal absorption of basic drugs and its application as an in vivo model of
passive drugs transfer through lipid membranes. J
Pharmac. 1967; 19: 31-41.
Becket AH and pickup Me. A model for steroid
transport across biological membranes. J Pharm
Pharmac. 1975; 2: 226-234.
Murata K, Noda K, Kohono K, Samejima M. Pharmacokinetic analysis of concentration data of drugs
with irregular absorption profiles using multifraction absorption models. J Pharm Sci. 1987 Feb; 76
(2): 109-12.
Yokogawa K, Ishizaki J, Ohkuma S, Miyammoto K.
Influence of lipophilicity and lysosomal accumulation on tissue distribution kinetics of basic drugs:
a physiologically based pharmacokinetic model.
Methods Find Exp Clin Pharmacol. 2002 Mar; 24
(2): 81-93.
Lau OW, Chank K, Wong YC. Gas lipid chromatographic determination and pharmacological studies
of 6 clinically used local anesthetics. Meth Find Exp
Clin Pharmacol. 1991; 13 (7): 45-481.
Clark FH, Choon NM. Potentiometric determination of the partition and coefficient of dianionic
compounds. J Pharm Sci. 1995; 84: 53-4.
Langguth P, Lee KM, Spahn-Langguth H, Amidon
GL. Variable gastric rates and extent of cimetidine
absorption profiles: dependence of Biopharm Drug
Dispos. 1994 Dec; 15 (9): 719-46.
Schulz P. Dick P. Blaschle TF, Hollister L. Discrepancies between pharmacokinetic studies of amitriptyline. Clin Pharmacokinetic. 1985 May-Jun; 10
(3): 25-68.

