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SALIVARY LEVELS OF QUININE IN PRESENCE OF SOME
ANALGESICS, ANTIPYRETICS AND ANTIINFLAMMATORY AGENTS
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ABSTRACT

A significant correlation (r=0.6449, n=72, p & 0.01) between
saliva and serum levels of intact quinine was observed after
a single oral administration of 500mg of quinine sulphate to
six healthy male volunteers. The mean saliva/serum ratio obtain-
ed from the individual data of volunteers was 0.2497 (£0.0145
SEM). Salivary compartment was approached to study the inter-
actions of quinine with aspirin or analgin or paracetamol or
oxyphenbutazone in healthy human subjects. Salivary levels
of quinine did not differ significantly in presence of the drugs
co-administered, indicating absence of interactions. Comparison

of various pharmacokinetic parameters also substantiated this.

INTRODUCTION

Quinine is a drug of choice in the treatment of chloroquin resist-
ant falciparum malaria and in nocturnal leg cramps. In both

these disease states analgesics, antipyretics and antiinflammatory
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agents are commonly prescribed along with quinine, The iniciden-

ce of night cramps in arthritic patients was studied by pembertonl

who found that among the patients with arthritis 62% of men
and 43% of women had night cramps as a major complaint, In
such cases an antiinflammatory drug shall have to be prescribed

along with quinine.

Owing to certain distinct merits over blood or urine and
significant correlations between saliva and plasma concentrations
for intact drugs -9 and metabolites 4’6, salivary compartment
could probably be exploited to study the pharmacokinetic inter-
actions of drugs. We examine this issue for quinine for which
interactions with some other drugs based on blood levels have

been reportedz’ 3,28 .

Purely from therapy monitoring stand
point and from the significance of usage of quinine in the treat-
menpf diseases stated above, e explore a correlation between
saliva and serum concentrations for quinine, as a basis for study-

ing its pharmacokinetic interactions with some anal gesics, anti-

pyretics and antiinflammatory agents via salivary compartment.

MATERIALS AND METHODS

Subjects: -

The study was carried out in six healthy male volunteers,
with their weight ranging between 46 -~ 70 kgs, height between
160 - 182.5 cms and age ranging between 23 - 26 years. They
were non smokers, as tobacco smoking may affect the pharmacoki-

netics of some drugslo’lz. They were in good health documented
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by a complete medical examination by a physician, medical history
and standard laboratory tests. Neither alcoholic beverages
nor any medication was allowed for 2 weeks before the study

and through out the duration of the study.

Protocgl:

Six subjects were administered 500mg of quinine sulphate
filled in a hard gelatin capsule along with 250 ml of water
after an overnight fasting (10-12 hrs). No food and drinks
were allowed to be taken by the subjects for & hours after
drug administration. Non restricted regular meals taken before
and after the selected times were balanced in terms of proteins,
fats, carbohydrates and salts, and standardised for all subjects.

All the subjects gave informed consent.

Blood samples (2ml) were withdrawn at intervals of 0.00,
0.5, 1, 1.5, 2, 3, 5, 7, 10, 12, 15, 24 and 36 hours from
median cubital vien. Saliva (3ml) samples were also collected
in vials at the same time intervals, All the samples were stored

in vials in a refrigerator until assayed.

The pharmacokinetic interactions were undertaken in 5
of the six volunteers chosen for the saliva/serum correlation
study. The sixth volunteer was deleted at random as the study
involves only 5 treatments, Thus the study was performed accord-

ing to a 5x5 balanced latin squareft design, allowing a washout
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period of one week between each treatment. The treatments
given were:
1. Quinine sulphate 500mg capsule

2, Quinine sulphate 500mg capsule + 500mg Analgin tablet(a)

3. Quinine sulphate 500mg capsule + 500mg Paracetamol tablet(b)
4, Quinine sulphate 500mg capsule + 100mg Oxyphenbutazone tablet

(c)
5. Quinine sulphate 500mg capsule + 600mg Aspirin (d)

(as 2 tabs of 300mg each)
Food restrictions and the fasting period were similar to
that followed in the saliva/serum correlation study. Saliva
samples (3ml) were collected at intervals of 0.00, 0.5, 1, 1.5
2, 3, 5, 7, 10, 12, 15, 24 and 36 hours following drug(s) admini-
stration in the morning., The samples thus collected were stored

in a refrigerator until assayed.

Saliva Collection:

Some problems are associated with the collection of saliva
samples. Several advantages and disadvantages have been reported

3-16 regarding the stimulation of salivary

by earlier workersl
secretion. Taylor et al 17 observed adsorption of Propranolol

and Indomethacin by parafilm and discouraged the use of such

a) Alkem Laboratories Pvt.Ltd., Bombay India(7.5+1 min)
b) Duphar-Interferan Ltd., Bombay (905 sec)

c) Pharmed Pvt.Ltd., Bombay, India (5:¢0.8 min)

d) Invinex pharma, Hyderabad, India (203 sec)

The values in the parenthesis indicate the mean disintegration
time and standard deviation.
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stimulants, Such losses were to the tune of 15-34% and 8-42%
in case of 2 lipophilic drugs chlopromazine and butaperazine
respectively 16. In the present study saliva samples were
collected without the aid of any stimulants, within 3 minutes,

after cleaning the tongue debris and a thorough mouth wash

every time prior to sampling,

Assay:

The quinine in the biological fluids was determined by
Cramer and Isaksson's method 8 modified by Armand and Badi-
nandlg. In this method the biological sample was made alkaline
with 0.IN NaoH to liberate free quinine. The quinine thus formed
was extracted into benzene and the benzene extracts were washed
twice with 0.IN NaoH solution to remove any metabolites present,
The washed benzene extract was extracted with O0.IN HZSOAL and
the sulphuric acid extract was subjected to flourescence measure-
ments on a sequoia-turner filter flourometer, Model 112, at an
excitation wave length of 350 nmts and emission wave length
of 450 nmts.

20 compared two spectroflourimetric

Hugnh-Ngoc and Sirois
procedures for quinidine i.e., with and without alkaline washing
of the benzene extract and observed that unwashed benzene extract
assay averaged 18% higher than the washed benzene extract,
This interference by quinidine metabolites has been demonstrated

20,21 22,23

with specific techniques such as TLC and HPLC
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In contrast to these results, Hufman and Hignite 24 obtained
an excellent correlation between their GC-MS method and Cramer-
Isaksson procedure, Sved et al 25 reported that comparison
of values from the Armand-Badinand procedure with those obtained
with a specific HPLC procedure indicated general agreement with
some divergence (upto 15%) in the later 24-30 hrs samples,
with HPLC values being lower, the area under the curve values
were not affected markedly, although some pharmacokinetic para-

22’23. The previously reported comparison

meters could be
of results from the Armand - Badinand determination with those
from a GLC procedure 26 tended to support this lack of inter-
ference in single dose studies. In that study, steady state
samples from patients showed 30% greater values by flourimetric
analysis than by GLC analysis, while single dose data were
in excellent agreement, Very recently warburton et al (1987)
reported that there was no significant difference in the serum
quinine concentration when assayed by both flourimetric {double

extraction technique) and HPLC methods.

Pharmacokinetic calculations:

The various pharmacokinetic parameters from both serum
concentration vs time curves and saliva concentration vs time
curves were obtained for each individual on an IBM personnal
computer according to a one compartment open model, Thus

the first order apparent over all elimination rate constant (Ke)

was obtained from the slope of the terminal portion of the curve

obtained when logarithm of the biological fluid concentration
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was plotted against time, after subjecting it to linear regression
analysis. The biological hali life of the drug was determined
from the formula t%=0.693/Ke. The absorption rate constant
(Ka) was calculated by the method of residuals i.e., by multi-
plying the slope of the residual concentration vs time curve
with 2,303, The apparent volume of distribution (Vd) was calcu-
lated from the equation.

Dose

vd =
(AucﬁyKe

Where (AUC)z’ is the total area under the concentration time
curve,

Ke = over all apparent elimination rate constant,

In calculating Vd as above, an assumption was made i.e. 'F!
the fraction of the dose absorbed as one, This assumption
was made on the fact that quinine is almost completely absorbed
on oral administration 28. The systemic clearance (Cls) was
calculated from the eqution.

Dose

Cls =
(AUC )
O

Again the fraction of the dose absorbed was considered as one.
The area under the serum/saliva concentration time curves (AUC)
upto 36 hours was calculated by the trapejoidal method. Total
area under the curve i,e., upto infinite time was obtained by
the summation of (AUC)O36 and the residual area obtained by
dividing the concentrations at 36 hrs with Ke. The area thus

calculated was expressed as a value corrected for body weight,
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Statistical analysis:

Rejection of the discordant data:

All the biological fluid concentrations were subjected to

7' test to examine whether the deviated values can be discarded.

The z values were calculated according to the equation.
X - m

S

Where x is the value in question
m is the mean of all values
s is the standard deviation
It was observed that none of the values could be discarded
with 95% confidence (Z 2 1.96). A few values could be discarded
with 90% confidence (z21.645). However deletion of such values
did not alter the mean pharmacokinetic parameters significantly,
The various pharmacokinetic parameters obtained following
administration of quinine alone and in combination with other
drugs were validated using a 2-tailed students 't' - test for
paired values. Analysis of wvariance was performed to find out
interactions of quinine, intersubject and intrasubject variations

in different pharmacokinetic parameters.

RESULTS AND DISCUSSION

Saliva/serum correlation study:

Secretion of quinine into different body fluids including
saliva was reported earlierzg. Serum and salivary concentration-

time data are plotted in Fig.,l. A significant correlation (r
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FIGURE I: SERUM AND SALIVARY LEVELS OF QUININE FOLLOWING A SINGLE ORAL
ADMINISTRATION OF 500 mg OF QUININE SULPHATE
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FIGURE 2: SCATTER DIAGRAM OF SALIVARY AND SERUM LEVELS OF QUININE

= 0.6449, n=72, p< 0.01) between saliva and serum quinine concen-
trations was observed(Fig.2). The equation for the line of
intact of quinine as determined by the method of least squares
is x = 0.228678 y+0.05707. The mean saliva/serum (SL/SR)
ratio deduced from the individual data of the volunteers was
0.2497+0.0145(SEM) . However the plot of mean SL/SR ratio from
individual values vs time is not constant. (Fig.3). The mean
SL/SR ratio increased upto 2 hrs. and thereafter remained appro-
ximately constant wupto 12 hrs, Increase in the mean SL/SR
ratio upto 2 hrs., may be due to the time required for attaining
an equilibrium between serum and salivary compartments. Knop

et al 29 have reported high S/P ratios for theophyline in the
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absorption phase. A maximum SL/SR ratio for quinine at 15th
hour is note worthy. We believe that this may be due to circa-
dian effects, as 15th hour sample falls in the dark period of
circadian clock. This is in concurrence with our observations

on diurnal oscillations of salivary levels of quinine.*

The values of various pharmacokinetic parameters calculated
from serum or salivary levels are recorded in table 1, Use
of salivary compartment to study the pharmacokinetics of quinine
is indicated as the difference between the values of the various
pharmacokinetic parameters obtained from saliva and serum was
not stastically significant, (P> 0.05) The values are well in

agreement with those reported earlier based on blood data 30.

Pharmacokinetic interactions of quinine:

Mean saliva quinine concentration vs time plots resulted
following the administration of quinine alone or in combination
with test drugs are shown in Figs.4 - 7, A careful examination
of these and predictions based on the comparison of the various

pharmacokinetic parameters (Cm T Ka and AUC -

ax’ max’ T%’
Table-2) it can be stated that salivary levels of quinine are
unaffected (based on a student's 't' test at P > 0,05) by the
presence of the test drugs in the body. This result is interesting
at least in the context of oxyphenbutazone or aspirin as these
have been reported to alter the pharmacokinetics of many drugs

via competetive protein binding 31,32. Since it is the free

¥Paper to be presented iIn the 3rd international conference on
chron opharmacclogy NICE (France)
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TABLE-I

Pharmacokinetic parameters

Parameter Serum Saliva
C (ug/ml) 4,603 1.37
max 0, 484 £0. 44
T (Hrs) 2.5 2.75
max £1.225 £1.909
Ke -0.049 -0.0588
+0.0063 +0.0096
Ka 0.9677 0.8968
+0.1658 +0,5264
T4 (Hrs) 14,375 12,155
1,845 +2.178
Vd(Ltr/kg) 2.048 1.896
+0.4196 +0.5477
Cls (ml/min/kg) 1.7272 1.9025
+0.4725 +0.7847
AUC/kg 1.891 1.8807
0,172 +0.7757

The values indicate the average of six readings along with stand-
ard deviation,

drug of plasma which is known to equilibriate with saliva any
change in plasma concentration due to protein binding interaction
shall be reflected on salivary levels. However our observations
do not delineate this, Although oxyphenbutazone and aspirin
are considerably bound to plasma proteins, they could not inter-
fere with the binding of quinine probably due to their weak
acidic nature. Weakly acidic drugs were reported to have binding

affinity towards the albumin fraction of plasma proteins, where
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MEAN SALIVARY LEVELS OF QUNINE SULPHATE AFTER IT'S
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ANALGIN Vs TIME PLOTS.
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MEAN SALIVARY LEVELS OF QUNINE SULPHATE AFTER IT'S
ADMINISTRATION ALONE AND IN COMBINATION WITH
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MEAN SALIVARY LEVELS OF QUNINE SULPHATE AFTER IT'S
ADMINISTRATION  ALONE AND IN COMBINATION WITH
ASPIRIN Vs TIME PLOTS.
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as weakly basic drugs seems to bound to lipoproteins and
%\ - acid glycoproteins. Affinity of quinidine (a stereo isomer
of quinine) towards the plasma protein fractions other than albumin

33 38

was reported ,

The paracetamol with a high S/P ratio of 2 - 5 34 could

not in any way seems to affect the levels of quinine in saliva.
Cotty et al (1977) have postulated that paracetamol may modify
the metabolic extraction of aspirin on the basis that both the
drugs are conjugated with glucuronic acid. Hydroxylation is
also one of the path ways of paracetamol metabolism and this
path way is reported to be of importance when the drug is admin-
istered in larger doses. In the present study only 500mg of
paracetamol was administered along with 500mg of quinine sulphate
whose main metabolic path way is hydroxylation 36. The statisti-
cal analysis of the results based on a student's 't' test revealed
no significant variation (P > 0.05) in any of the pharmacokinetic
parameters of quinine due to a single dose paracetamol (500mg)

administered concomitantly.

Oxyphenbutazone i{s capable of inducing liver microsomal
enzymes 37, but such an affect may only be teneable on repeated
administration and hence it could not interfere with the metabolism
of quinine. The main metabolic pathway of quinine being hydroxy-
lation and that of oxyphenbutazone the glucuronide conjugation,

a metabolic interaction due to competition for a common path
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way may not exist for these to account for a pharmacokinetic

interaction between them,

The mean cumulative area under the curve vs time plots
shown in Fig.8 indicate that aspirin and analgin increased the
bioavailability of quinine to a little extent. However these
changes are not statistically significant (P> 0.05). ANOVA calcu-
lations for intersubject, intrasubject variations and for variation
within treatments revealed that there is no significant difference
within treatments in any of the parameters studied at P > 0.05,
However there was a significant (P ¢ 0.05) intersubject variation
in AUC and Crn and intrasubject variation in the absorption

ax

rate constant Ka. (Table-3)

The drug interaction studies based on salivary levels for
quinine may be valuable since it is reported to be a useful
drug to treat nocturnal leg cramps in geriatric patients, While
showing a relation between plasma quinine concentration and atten-
uation of leg cramps, Warburton et al (1987) could not observe
a quantifiable relation between placebo and quinine treatments
possibly because the patients were consuming on an average 3.5
drugs other than quinine in a day, which might interfere with

the drug levels in the plasma.

We therefore suggest that for children and geriatric patients

saliva can be considered as a compartment of choice for interaction
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MEAN CUMULATIVE AREA UNDER THE SALIVARY AVAILABILITY CURVES
OBTAINED AFTER ADMINISTRATION OF QUININE SULPHATE ALONE
AND IN COMBINATION WITH OTHER DRUGS Vs TIME PLOTS.
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studies, even with limited observations including ours which
have reported some discrepancies in S/P ratios in the absorption

phase 29.
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