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Abstract: Indomethacin was measured in
mandibular and parotid saliva, obtained from
separate cannulas in the salivary ducts, after
bolus intravenous administration (15 mg/kg)
to male white rabbits that were stimulated for
salivation with pilocarpine given subcutane-
ously. There was a significant correlation
between each salivary drug concentration and
plasma drug concentration. Saliva to plasma
drug concentration ratio (S/P ratio) and pH
were higher in mandibular saliva than in
parotid saliva. These gland specific differ-
ences were in contrast with the previously
reported differences in dogs. Matin’s equa-
tion was found to predict approximately the
mean observed S$/P ratio of indomethacin for
each saliva sample.

The salivary excretion of drugs has been
the subject of several investigations dur-
ing the past decade. The observation
that drug levels in saliva are often pro-
portional to their plasma levels has led to
the suggestion that in pharmacokinetic
studies and therapeutic drug monitoring
saliva might be substituted for plasma
(1, 2). The most distinct advantage is
that saliva can be collected by non-
invasive techniques after stimulation of
salivary secretion by chewing on semi-
solid materials or applying gustatory
chemicals such as citric acid onto the
tongue.

If saliva is intended to be used as a
sample in drug monitoring, the essential
prerequisite is the existence of a consis-
tent correlation between drug concen-
trations in plasma and those in saliva
over a broad concentration range. Evi-
dence already exists that many drugs or
chemicals are excreted into saliva by a
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simple diffusion process and that lipid
solubility may be a determining factor of
salivary excretion (3, 4). Matin et al.
have subsequently proposed that the
saliva over plasma concentration ratios
(S/P ratios: R) for weak acidic or basic
compounds can be predicted from a
modified pH-partition hypothesis (5).
For acidic compounds, the following
equation can be applied:

R = L+ 10vHsPKe gy
1 + 10PHrPKa

where pHg and pHp are pH values of
saliva and plasma, respectively; fg and fp
are free fractions of total drug concen-
tration in saliva and plasma, respec-
tively.

Although our previous reports have
demonstrated significant gland specific
differences and effects of salivary pro-
tein binding and salivary flow rate on the
S/P ratio and/or salivary clearance of
various compounds in dogs, results that
suggested caution in the clinical usage of
drug levels in whole saliva (6, 7, 8, 9),
experimental animal species other than
dogs have not been utilized at all for
these purposes. The present work is,
therefore, designed to establish the
experimental techniques to separately
collect mandibular and parotid saliva
samples in rabbits, to verify Matin’s
equation for salivary drug excretion
using indomethacin as a model drug, to
test for gland specific differences in the
S/P ratio, and to compare these results
with our previous results for this drug in
dogs (6).

Materials and Methods

Fistulation of Salivary Ducts in Rabbits

Male white rabbit (3.0-4.0 kg) were
anesthetized with pentobarbital (25 mg/
kg, i.v.) for surgery on the day before
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experiments. Parotid (Pr) duct fistula-
tion was performed by modifying the
methods reported by Kimura (10) and
Kawasaki and Yasuda (11). As illus-
trated in Fig. 1a, an incision of approxi-
mately 4 cm was made on the cheek skin
3 cm below the lower eye-ground just
along the extrapolated line from the
mouth corner. After the parotid duct
was exposed along with the facial nerve
by careful dissection of the subcutane-
ous connective tissue (Fig. 1b), it was
cannulated with PE-50 tubing (i.d.
0.58 mm; 0. d. 0.965 mm, Clay Adams).
The subcutaneous portion of the can-
nula was prevented from being pulled
out from the duct by means of a small
convex piece of double-layered silicone
tubing which was tightly affixed around
the PE-50 tubing. The distal portion of
the cannula was then passed outside
through the cheek skin, and the incised
portion was then tied off (Fig. 1c¢).
There has been no previous report
describing the operation procedure for
mandibular (M) duct fistulation. A dis-
section approximately 2 cm long from
one corner of the mouth was made with
a  thermoknife (E-23, Natsume
Seisakusho Co.), as shown in Fig. 1d,
and a cheek distender of solid but
slightly flexible wire (0.d. 1.0 mm, Q-
shaped) was then applied at the upper
and lower front teeth to facilitate the
cannulation. PE-50 tubing (2 cm length)
was inserted from one orifice into the
mandibular duct (Fig. 1e) with the aid
of a stainless-steel wire guide (o.d.
0.35 mm; length 10 cm). After convex
silicone tubing pieces were affixed in a
way similar to that used for the Pr can-
nula, the distal portion of the PE-50
tubing was passed through the subman-
dibular skin to the outside, and the
dissected mouth corner was tied off

(Fig. 11).
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Fig. 1 Fistulation method for parotid (a, b,
¢) and mandibular (d, e, f) salivary ducts in
rabbits.
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After recovery from anesthesia, sali-
vation was stimulated once by applying a
few drops of 10 % citric acid solution
onto the tongue (6, 7) to ensure the
proper fistulation for both salivary (Pr
and M) ducts for periodical collection of
saliva samples.

Collection of Plasma and Saliva Samples
Following Intravenous Administration
of Indomethacin

Blood samples were obtained from the
marginal ear vein into heparinized
syringes, while each saliva sample was
collected through an PE-50 extension
tubing (6 to 8 cm) into the bottom of
small sample tube (2 ml in size, Niplon
Co.) containing 200 pl liquid paraffin to
avoid any exposure of saliva samples to
the atmosphere (6, 7, 8, 9). Salivation
was stimulated with 0.1 ml/kg of 1%
pilocarpine  hydrochloride solution
which was injected subcutaneously
every 30 min. After collecting reference
blood and saliva samples, indomethacin
(IM, Nippon Merck-Banyu Co.) dis-
solved in 0.6 % sodium carbonate (6)
was administered intravenously at
15 mg/kg via a marginal ear vein. Saliva
samples (0.6 to 1.0 ml) were periodically
collected for 2 to 10 min, and blood
samples (2.2 ml) were simultaneously
collected at the midpoint of the saliva
collection intervals. Salivary flow was
estimated from the sample weight
assuming that its specific gravity was
1.00 (7).

Binding of Indomethacin to Plasma and
Saliva Proteins

One ml samples of plasma and saliva
were spiked with 5 to 100 ug and 1 to
10 ug indomethacin, respectively, and
dialyzed against 2 ml pH 7.4 isotonic
phosphate buffer solution using seam-
less cellulose tubing (Type 8/32, Visking
Co.) at 37°C. In this dialysis system,
equilibrium was attained within 10 h.

Analytical Procedures

After immediate centrifugation
(3000 rpm, 10 min) of the blood samples
the indomethacin concentration in
plasma (1 ml) was determined by a pre-
viously described method (6). After
measuring the weight and pH of saliva
samples, salivary indomethacin concen-
trations were similarly determined
except that the saliva volume was only
0.5 ml. Drug concentrations in both
inner and outer phases after the equilib-
rium dialysis were also determined by

the same method (6). Fluorometric mea-
surement was performed at
hex= 283 nm and A= 378 nm with a
1 ppm quinine sulfate solution as the
instrument (Shimadzu RF-510) stan-
dard.

Protein levels in plasma and saliva
were determined by Lowry’s method
(12) with bovine plasma albumin (Frac-
tion V, Armour Pharmaceutical Co.) as
a standard.

Data Analysis and Statistical Evaluation

Both plasma and salivary indomethacin
concentration-time curves were analy-
zed according to the least-squares
regression analysis program MULTI
(13) for a bi-exponential decline ex-
pressed as C = A-¢"*+B - e where C
is the drug concentration and A, B, «
and § are hybrid parameters. Criteria for
both convergence and best fit were the
same as reported previously (13). Dif-
ferences in salivary pH values and saliva
to plasma concentration ratios (S/P
ratio) were evaluated by Student’s t-test
after determining that each data popula-
tion was normally distributed.

Results and Discussion

Plasma and Saliva Indomethacin Con-
centration-Time Profiles

Figure 2  represents indomethacin
concentration-time profiles for plasma
and saliva after intravenous administra-
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Fig. 2 Plasma (®) and saliva (M: A,
Pr: @) indomethacin concentrations follow-
ing bolus intravenous administration of
15 mg/kg to four rabbits. Salivation was
stimulated with 0.1 ml’kg of a 1% pilocar-
pine hydrochloride solution injected sub-
cutaneously every 30 min. Each point with
vertical bars represents the mean with S.D.
from three(*) to four rabbits. The solid line
was computer-fitted for all individual data
points (n=36) with weighting of 1/C%. Esti-
mated parameters are as follows: A=
162+34 pg/ml, B =65.1+16.9 pg/ml,
a=0.103 +0.025 min~*,
B =0.016120.0071 min".
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tion to four rabbits. Only plasma con-
centration data could be analyzed by the
bi-exponential equation as indicated
with the computer-fitted solid line
(Fig. 2). Mandibular salivary drug levels
were always higher than the parotid
levels.  Although  both  salivary
indomethacin levels (M and Pr)
appeared to decline almost in parallel
with the plasma level, neither the pre-
sent nor an alternative least-squares
regression method for the bi-exponen-
tial decline could analyze both sets of the
saliva level-time data, probably because
of relatively large fluctuations or inter-
individual variations.

Correlation Between Saliva and Plasma
Indomethacin Concentrations

There were relatively scattered but
statistically significant (p<0.01) correla-
tions between each saliva and plasma
indomethacin concentrations (Fig. 3).
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Fig. 3 Correlation between saliva and
plasma indomethacin concentrations follow-
ing bolus intravenous administration of
15 mg/kg to four rabbits. Each symbol (Pr:
®, A N @ M O, A, 0O, <) represents the
result from an individual rabbit. Linear
regression line was given as Y =0.00433X
+0.257 for Pr data (r=0.639, n=33,
p<0.01) and Y=0.0177X+0.533 for M
data (r =0.799, n = 35, p<0.01).

Table I summarizes the mean values for
S/P ratios and some biological data
characteristic of saliva samples. In rab-
bits stimulated for salivation with
pilocarpine, the S/P ratio was signifi-
cantly (p<0.05) larger in M saliva than
in Pr saliva, contrary to the results in
dogs that were stimulated with citric
acid; in the dog experiments mandibu-
lar-sublingual saliva (MS) samples were
collected instead of M saliva alone (6).
The gland differences in the S/P ratio for
indomethacin in rabbits and the species
differences may result from gland
specificity and species-dependent differ-
ences in salivary pH. In rabbits, how-
ever, the S/P ratios for both Pr and M
salivas were quite variable.
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Table 1. Comparison of S/P Ratio, Salivary pH and Protein Concentration following Intraven-
ous Administration of Indomethacin to Four Rabbits (15 mg/kg) and to Six Dogs

(20 mg/kg).
Rabbits® Dogs®
S/P Ratio Pr 0.0151 £ 0.0199° (33)? 0.074 £0.034 (60)
M or MS® 0.0608 £0.102  (35) 0.044 = 0.024 (55)
Salivary pH Pr 728 £0.20 34 8.16 £0.21 (32)
M or MS 7.81 £0.15 (31 7.82 £0.20 (36)
Protein Concn. Pr 410 *1.75 24) 22 *05 4
(pg/mi) M or MS 333 £1.31 (19) 1.7 %01 4)

? Stimulated with 1 % pilocarpine

® Stimulated with 10 % citric acid [from reference (6)]

°S.D.
¢ Number of data points
¢ Mandibular-sublingual saliva in dogs

Prediction of S/P Ratio by Matins Equa-
tion

Since indomethacin is a weakly acidic
drug, Matin’s equation may serve to
predict its S/P ratio. If one takes the

mean values for observed
pHs(pHp,= 7.28, pHu= 7.81),
fp(= 0.0154) and fs(fp,= 0.917,

fy= 0.898) as well as pHp(= 7.4) into
account, the predicted S/P ratios
(Pr = 0.0127, M = 0.0439) were fairly
close to the corresponding mean
observed ratios. It is thus suggested that
Matin’s equation can predict fairly accu-
rately at least the mean S/P ratio for
indomethacin in rabbits, which is in con-
trast to the poor prediction found in dogs
(6). However, the prediction by Matin’s
equation for the individual S/P ratios for
each M and Pr saliva was relatively poor.

Salivary Clearance of Indomethacin

Salivary clearance has been introduced
very recently to describe Kinetics of
salivary excretion of drugs or chemicals
(8, 9, 14, 15), and it is defined as the

product of S/P ratio and salivary flow
(8,14). The mean salivary clearance of
indomethacin in M saliva (0.900£1.17
wl/min/kg) tended to be larger than that
in Pr saliva (0.490%0.412 pl/min/kg).
Large fluctuations in these clearance
values might be partially due to rela-
tively large fluctuation in the observed
S/P ratio as discussed above. If one
doubles the sum of the mean salivary
clearance values for Pr and M saliva
because both glands exist in pair, the
total salivary clearance can be calculated
to be 2.78 ul/min/kg under continuous
stimulation of salivation. This value
corresponds to only 1% of the total
body clearance of indomethacin
(2.67 ml/min/kg) in the same rabbits,
suggesting that salivary excretion does
not play an important role in the overall
elimination of indomethacin from the
body, as opposed to that of urea or
phenobarbital in dogs (more than 15 %
of the total body clearance) (8).

In conclusion, the present technique
to separately collect parotid and man-
dibular saliva samples in rabbits can
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serve to study salivary drug excretion
before initiating any clinical salivary
drug monitoring.
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