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ABSTRACT

The viscosity and other rheological properties of the molten
base at rectal temperature can markedly affect the rate of release
and absorption of drugs from fatty suppositories. The rheograus
of pure mono-acid triglycerides, their mixtures and triglyceride
suppository bases were determined at various temperatures using a
rotational rheometer. Completely molten systems gave Newtonian
behaviour, while incompletely molten mixtures, containing a sus-
pension of higher melting triglyceride, exhibited plastic

behaviour with thixotropy which reverted to Newtonian behaviour on
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removal, dissolution or melting of the higher melting component.
The plastic yield values (% 67 Nm—z) were less tnan the reported
rectal pressure (} 300 Nm-z), suggesting that they exert little

effect on spreading in the rectuum.
INTRODUCTION

The first paper in this series lists the factors that affect
the release of drugs from suppositories% In the present paper we
describe rheological studies of triglycerides and thelr mixtures
and the effect of viscosity changes on the spreading of suppositories

in the rat rectum.

The viscosity of the molten base at body temperature can have
a marked effect on the release of a drug. Baichwal and LohitZ
reported that release diminished in proportion to the logarithm
of viscosity. On the other hand, Neuwald and Ackad3 could firnd no
difference in the release of sodium salicylate from microenemas of
varying viscosity. Rutten-—Kingma4 noted that an increased

viscosity leads to a decreased release of sodium chloride.

The effect of viscosity of suppository bases can be complicated
by rheological factors such as plastic flow, pseudoplasticity
(decreasing viscosity with increasing shear stress) and thixotropy.

For example Moéss’

determined rheograms of pure suppository
bases and of suppositories containing paracetamol, and often ob-

served plastic behaviour. In some cases slight thixotropy was

noticed. As a consequence, a complete profile of shear rate vs.
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shear stress of the base is required to predict the spreading

within the rectum.

MATERIALS AND METHODS

The raterials, their purity, the preparation of binary
mixtures, melting point determinations and the procedure for
differential thermal analysis(DTA) have been described in a
previous paper% Rheological measurements were carried out using
a variable stress cone and plate rheometer (Deer Rheometers Ltd.)
with a variable-temperature thermal jacket. Samples, stored for
one week after preparation, were placed on the plate, the cone
assembly was then lowered to a pre-set distance from the plate
and the torsional force (shear stress) was plotted against the
angular velocity (rate of shear) at each of various temperatures.
On Increasing the temperature from one run to another, expansion
caused the gap between the cone and the plate to decrease. Con-
sequently, the cone portion of the rheometer had to be re-set at
each new temperature. After running samples at high torsional
forces, time-dependent behaviour, e.g. thixotropy or rheopexy,
were tested by reducing the high torsional force to the force
initially applied. Any divergence betveen the initial and final
angular velocities at this same torsional force (between 'fun up"
and "run downﬂ indicated either thixotropy or rheopexy of the

sample.

The procedure used for the preparation of the suppositories

was similar to that previously descrited for the preparation of
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binary mixtures of triglycerides and drugs, except that 0il Blue
dye (Colour Number N 615535, Sigma Chemical Company product number
08376) was substituted for the drug. The molten dye + triglyceride
mixture was then sucked into a 1 ml insulin syringe to the 0.2 ml
mark. The syringe was then placed in an ice bath for five minutes,
stored at 4°C for one week and then the luer end of the syringe was
removed to enable the suppository to be inserted directly from the
syringe into the rat's rectum. Female Wistar rats of mass 180 to
320 g were used to study the ingression of suppositories containing
the dye into the rectum and to devise the most efficient method of

rectal sealing.

The following method was developed to test the spreading of
suppositories in rats. Rats were deprived of food for 24 hrs prior
to the experiment but water was provided ad libitum. The method
took advantage of the fact that rats defaecate when frightened.

The rat was removed from its cage and held by its tail such that
its rear legs were held clear of the bench. Either after five
minutes or after defaecation was complete, whichever was later, an
outer cover of a plastic syringe was gently inserted into the rat's
rectum. The presence of any faecal pellets was detected by a

sharp increase in the resistance to insertion., The plastic cover
was then removed and the rat held until the pellet was expelled.
The plastic cover was again inserted and the process repeated until

no further pellets were encountered.

After the initial purging described above the rat was re-

placed in its cage, removed after one hour and the whole process
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listed above was repeated as a final purging. The suppository
was then inserted into the rectum followed by sealing of the
rectum with cyanoacrylate ester adhesive (Loctite Super Glue 3).
The rat was then placed in a cage with food and sacrificed after
the allotted time by humane asphixiation. The dead animal was
dissected and the distance of ingression of the suppository con-

taining the dye was neasured from the extermal anal sphincter.

RESULTS AND DISCUSSION

The viscosity of the base is one of the most important
parameters governing the release of a drug from a suppository.
A base of low viscosity should spread further up the rectum
giving an increased surface area for diffusion and absorption.
In drug-suspension suppositories a base of lower viscosity should
give rise to a higher rate of sedimentation of the drug, and if
the drug is readily soluble in water, this effect will increase
the dissolution rate. When the suppository spreads, its bulk
thickness is reduced, thereby further increasing the rate of

sedimentation of the drug from the base.

The viscous behaviour exhibited by triglycerides and binary
mixtures of triglycerides can be classified as either Newtonian or
non-Newtonian. Newtonian behaviour is indicated when a plect of
angular velocity (shear rate) vs. torsional farce (shear stress)
gives a straight line through the origin (Figure 1, line A). The
slope of the line is taken as the simple viscosity, ng- Non-

Newtonian behaviour encountered in binary mixtures is illustrated
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Shear rate (7)
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Shear stress (p)
FIGURE 1
Relationship between shear rate, T, and shear stress,

D, for materials that exhibit Newtonian flow (line A)
and plastic flow (line B)

in Figure 1, line B. This type of behaviour is classified as non-

Newtonian plastic behaviour. In some cases slight thixotropy is
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also observed. Non-Newtonian plastic behaviour can be treated
in a number of ways: Two plastic viscosity values are used in
this paper, namely apparent viscosity, n,s and Bingham plastic

viscosity, Apparent viscosity, n_s is obtained by treating

Tlpl-

the data, used to plot line B in Figure 1, to a linear regression
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analysis, the slope corresponding to the apparent viscosity, n

a

The Bingham plastic viscosity, n is obtained by treating the

pl’
mixtures as Bingham bodies. Figure 1 line B shows a plastic

system, where f_ corresponds to the static yield value ( i.e.

1

lowest shear stress at which flow can occur), f_ corresponds to

B
the Bingham yield value (determined by extrapolation of the linear

portion of the cure to the shear stress axis) and £, corresponds

h
to the shear stress beyond which the flow curve becomes linear.

For Bingham bodies the plastic viscosity, npl’ is given by

where D represents the shear stress and T the shear rate. Re~

arrangement gives
™y = D - £,

Thus, a plot of shear rate against corrected shear stress (D - fg)
over the linear portion of the curve will give a straight line
whose slope corresponds to the plastic viscosity, npl' Since
this plastic viscosity will only manifest itself above a given
shear stress, fh’ the value of the plastic viscosity must be

quoted with reference to a minimum value of shear stress.

The pure monoacid triglycerides, tricaprin, trilaurin,
trimyristin, tripalmitin and tristearin, all show Newtonian
behaviour with a simple viscosity, ng» and no time-dependent
effects. Figure 2 shows that ng decreases with increasing tem-

perature, but becomes less sensitive to temperature variations
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Variation of viscosity with temperature for:

tricaprin (TC), trilaurin (TL), Erimyristin (TM),
tripalmitin (TP), and tristearin (TS)

ler=1 mN,mi?s =1 mPa.s

at higher temperatures. On ascending the homologous series of

nonoacid triglycerides, there is a general trend of increased
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ng at a given temperature. However, tripalmitin was the ex-

ception to this rule and Figure 2 also reveals a discrete dis-
. . . P o -

continuity in the curve of tripalmitin at 71 C to 73%. A

similar, though less pronounced, discontinuity was detected in
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the curve for trimyristin at 64°C. These effects may be attributed
to small quantities of impurities in the sample. Joglekar and

> found that the presence of small quantities of im-

Watson7
purities in tristearin had a large effect on the viscosity,
although it didnot alter significantly those properties which re-

present classical criteria of purity, e.g. density and refractive

index.

The variation with temperature of the viscosity of the
following binary mixtures is illustrated in Figure 3: 60% w/w
tricaprin + 40% w/v trilaurin (tc;); 40% w/w tricaprin + 60%

w/w trilaurin (tcp); 75% w/w tricaprin + 25% w/w trimyristin (tc3);
90% w/w tricaprin + 10% w/w tripalmitin (tey); 92% w/w tricaprin +
8% w/w tristearin (tcg). In Figure 3 the continuous line corres—
ponds to points that exhibited Newtonian simple viscosities, ng»
and the dotted line corresponds to points that exhibited non-
Newtonian behaviour from which apparent viscosities, n,» were
calculated. It can be seen that at high temperatures, such as
80°C, the viscosities of the mixtures tend to converge. At 80°¢
the rank order of increasing Ng is: te, < te, < tege tege tey,.

At 43°C the rank order of increasing viscosity is te;< tcy< tey <
te, < teg, although at this temperature tcg, tg, and tcg are ex-
hibiting n, and the significance of the rank order is somewhat

doubtful.

Figure 3 shows that Newtonian (ng behaviour 1s exhibited

. . . 1
by tc, over the entire range. Comparison with the phase diagram’,
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FIGURE 3

Variation of viscosity with temperature for binary mixtures
of:

For personal use only.

60% w/w tricaprin + 40% w/w trilaurin (@)
40% w/w tricaprin + 60% w/w trilaurin ()
75% w/w tricaprin + 25% w/w trimyristin (0)
90% w/w tricaprin + 10% w/w tripalmitin (8)
92% w/w tricaprin + 8% w/w tristearin ()

————— = extrapolation to a point exhibiting
non-Newtonian behaviour.

1 cP = 1 mN. m_g s = 1lmPa.s
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Figure 4,shows that tc, corresponds to the eutectic compesition.
Since complete melting of the mixture occurs at the eutectic
temperature, no suspended particles of excess triglyceride are

present in tc, above this temperature. Tor tc, Newtorian (y_)
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Phase diagram of binary mixturesof tricaprin (TC)
and trilaurin (TL) determined by DTA
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behaviour is exhibited at 430C, and, for the composition under

consideration (40% w/w tricaprin/60% w/w trilaurin), reference to

the phase diagram (Figure 4) shows that this temperature corres-

ponds quite clecsely to the melting point of the higher melting

triglyceride, trilaurin, which is In excess.

Thus, non-Mewtonian
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behaviour is exhibited when the higher melting component,

trilaurin, is present as a solid suspended in the binary liquid
mixture. When, at a higher temperature, the excess solid has
melted (or dissolved), rheological behaviour becomes Newtonian
(ns). Analogous behaviour is exhibited by tcj, tey and tcg. These
observations indicate that any mixture of triglycerides will be-
have in a Newtonian (ns) manner provided all the components are

in the liquid state.

Figure 5 shows the temperature dependence of viscosity of
three commercial suppository bases. The continuous line corres-
ponds to points that exhibited Newtonian simple viscosities (ns)
and the dotted line to points that exhibited non-Newtonian
behaviour from which the apparent viscosities, n,, were calculated.
For Witepsol E75 Newtonian (ns) behaviour is exhibited at or above
42°C, which exceeds the DTA melting point1 at 40.4°C. This in-
dicates that Newtonian (ns) flow is given only at temperatures
above the melting point of the higher melting component of this
commercial base. Similar behaviour is exhibited by Witepsol W35
and Suppocire A. Thus, the generalisation at the end of the last
paragraph for binary mixtures of mono-acid triglycerides also
applies to the complex mixtures of triglycerides that constitute
commercial suppository bases. Any suspended triglyceride material

evidently give non-Newtonian behaviour.

Mixtures that exhibited non-Newtonian plastic flow at given

temperatures are listed in Table 1 together with the npl’ fB, fh
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FIGURE 5
Variation of viscosity with temperature of the
commercial suppository bases Witepsol E75 (0),
Witepsol W35 (©) and Suppocire A (0)

------ = extrapolation to a point that is
exhibiting non-Newtonian behaviour

1cP = 1 mN.m—% s = l1lmPa.s

and fl values and the correlation coefficient of the linear D vs.
T plot. The data in Table 1 show that a linear plot corres-
ponding to a finite plastic viscosity (npl) is given by each
mixture above a yield value (fh) of 66.99 N m?z Since the pressure
in the rectum’ ‘’is normally 300 N m:2 the melted mass exhibits

plastic flow (npl) in the rectum. Although thixotropy further
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complicates predictions of the rheological behaviour of the base
in the rectum, this effect is only slight in the present system
and would not be expected to exert a significant effect on the
rheology in the rectum. It is therefore possible to make valid

predictions of the viscosity of a plastic base in the rectum.

Plastic behaviour and thixotropy have also been found by
M0855’6 and by Mo#s and Jaminet13 in commercial triglyceride bases
examined at temperatures below their clear point, which is the
temperature above which all the solid triglyceride components

have melted or dissolved.

Rutten-Kingma EE.El}f found that a decrease in the viscosity
caused an increase in spreading in the gut. Suspended particles
are dragged along with the suppository base, provided that the
density of the parcticles is not tco high. Variables, such as
particle size and concentration, are seen to have little effect on
the spreading behaviour of the suppositories. This was confirmed
by Schoonan EE.El}5 Thus the viscosity cof the base is of prime
importance in determining spreading. With this in mind,
suppositories of varying viscosity and composition, and containing
a dye, were inserted into rat recta. The measured distance of
ingression of the dye up the gastrointestinal tract is shown in
Table 2. The spread of the molten mass of the suppository was
found to be inhibited by the lowest faecal pellet in the tract.
This is illustrated by Table 2 columns 2-5 which relate to the
methods of purging. With no purging at all, suppositories spread

only as far as the first faecal pellet. Using only the initial
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TABLE 2

GRANT AND LIVERSIDGE

The ingression of suppositories containing dye from
the rectum into the gastro-inestinal tract of rats
deternined by using various methods of purging.

Formulation R
of 200 mg istance of ingression/cm
?:zz°::§2;§ Ne One Two purgings Two purgings
purging purging with a 10 nin | with a 120 nin
interval interval
tch 3.3 6.1 11.4 13.1
teop 3.1 4,2 5.6 7.2
te 4.4 7.6 8.2 10.0
3D
te,n 2.8 2.8 10.0 12.2
tesp 3.6 4.9 9.8 12.5
Formulation Dye Tricaprin Other triglyceride
mg ng
teip 20.0 108.0 72.0 mg of trilaurin
tcop 20.0 72.0 108.0 mg of tritaurin
tcsp 20.0 135.0 45.0 mg of trimyristin
teyp 20.0 162.0 18.0 mg of tripalmitin
tesp 20.0 165.6 14.4 mg of tristearin
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purging, the ingression of the suppository is still limited by the
lowest faecal pellet. However, wvhen the rat is subjected to both
the initial and final purging, no faecal pellets were encountered
upon spreading by the suppository mass. Thus, the spreading
should now be related to the physico-chemical properties, such as

the viscosity of the base.

For rats that have been subject to both the initial and final
purging, Table 2 shows that the initial spreading is very rapid
which corresponds to formulation tc

(e.g. tc with dye added,

1D 1

spreads 11.4 cm in 10 min), followed by a much slower rate of
spreading (corresponding to a further 1.7 cm in the subsequent
110 min). This spreading behaviour can be explained by consider-
ing the rectum to be initially distended by a solid suppository
of volume 0.2 cm? This causes a relatively large rectal pressure
in the area of the suppository so that, during melting, the
suppository is squeezed out along the gastro-intestinal (g.i.)
tract until the mass has melted completely. Following this rapid
process, subsequent spreading is governed by the normal pressure
in the g.i. tract, such as that caused by peristalsis. The ex-
tent of initial spreading will, of course, De determined by the
viscosity as well as by the distension of the rectum.

The spreading of the molten suppository mass will occur in
both directions along the g.i. tract. Thus an efficient but non-
irritant method of rectal sealing must be used to prevent ex-
pulsion of the suppository material by the rat. The various

methods used for sealing the rat's rectum can only be performed
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on rats that have been anaesthetised or restrained in some way.

All these methods alter the g.i. tract movement and some procedures
e.g. anaesthesia, also alter the rectal temperature. Cyanaocrylate
ester glue was placed over the rectum after imsertion of the
suppository. This procedure was very effective and had the
following advantages: (a) it produced a strong seal with no
leaking, as indicated by no loss of dye; (b) it was not distress~
ing to the rat. Unfortunately, the s=2al is permanent, so the

animal must be sacrificed after such a procedure.

If the viscosity of a base is the determining factor in the
spreading of a suppository, a decreased viscosity should lead to
increased spreading. The rank order correlation between the
spreading of suppository (Table 1: tey > tep> teg> teg> tcz) and
the viscosities (Figure 3, Table 1: tecs> tcg> te,> te,> tcl) should
show an inverse relationship, but a poor rank order correlation,

t, Wwas obtained. Using Kendall's method of rank correlation21

T = -0.2 with a statistical significance of less than 0.5 (having
made a corvection for continuity in the statistical significance).
If a similar comparison is made after 120 min (rank order of
spreading tc;> tcg > te,> teg> tcz), a better correlation 7T = -0.0,
is obtained with a significance of approximately 0.1, though a
perfect rank order correlation, T = -1.0, is not observed.

This indicates that additional factors may govern the spread of

the molten suppository mass in the rectum, for example, movement

by peristalsis or movement arising from the variable posture of

the rat. The interfacial tension could also affect the spreading

RIGHTS LI



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/20/12
For personal use only.

PROPERTIES OF SUPPOSITORIES., 1III 265

but may be of minor or negligible significance in view of the
fact that the normal g.i. tract pressure is about 300 Nm?2
Initial spreading correlates with viscosity with less statistical

significance than spreading after a longer period of -time, for the

reasons outlined in the previous paragraph.

22
The previous paper in this series considered the interactions

between the constituents of fatty bases and the drugs, ketoprofen
and metronidazole, while the next paper will assess the influence of
the rheological and spreading data on the in vivo release of the

drugs from suppositories.

ACKNOWLEDGEMENTS

We thank May and Baker Ltd. Dagenham, England, and the U.K.
Science Research Council for a CASE award for G.G.L. and Dynamit-
Nobel AG, Trolsdorf, Germany, for gifts of pure triglycerides and

of Witepsol suppository bases

REFERENCES

1. Liversidge, G.G, Grant D.J.W. and Padfield, J.M. Int. J.
Pharmaceut. 7, 211 (1981)

2. Baichwal, M.R. and Lohit, T.V. J. Pharm. Pharmacol. 22,
427 (1970).

3. Neuwald, F. and Ackad, P., Galenica Acta. 19, 179 (1966).

4. Rutten-Kingma, J.J. .Biofarmaceutisch onderzoek van suspensiz
en pillen, Ph.D thesis (1973), University of Leiden, The
Netherlands.

5. Mod#s, A. J. Pharm. Belg., 29, 113 (1974)

6. Moés, A. J. Pharm. Belg., 29, 319 (1974)

RIGHTS

iy



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/20/12
For personal use only.

266

10.
11.

12.

13.

14.

15.

16.
17.
18.

19.

20.

GERANT AND LIVERSIDGE

Joglekar, R.B. and Watson, H.E. J. Soc. Chem. Ind., 47,
365 (1928)

Joglekar, R.B. and Watson, H.E. J. Ind. Imnst. Sci. lg,
119 (1930)

Misiewicz, J.J. Gut, 16, 311(1975)
Frenckner, B, Gut, 16, 638 (1975)
Connell, A.M. Gut, 2, 175 (1961)

Pepnati, L. and Steiger-Trippi, K. Schwelz-Apotheker-Ztg.
96, 205 (1958)

Jaminet, F. The Suppository (1973) lst Eng. Edn., Ed. Guillot,
B.R. and Lombard, A.P. Publ. Maloine, S.A. Editeur Paris, 27,
Rue de 1'Ecole de Medicine, 75006, Paris, France

Rutten-Kingma, J.J., Polderman, J., De Blaey, G.J. Int. J.
Pharmaceut, 3, 39 (1979)

Schooner, A.J.M., Moolenaar, F., Rewers, K.A. and Huizinga, T.
Int. J. Pharmaceut. 7, 29 (1980)

Riegelman, S. and Crowell, W.J. J. Pharm. Sci. 47, 115 (1958)
Riegelman, S. and Crowell, W.J. J. Pharm. Sci. 47, 123 (1958)
Riegelman, S. and Crowell, W.J. J. Pharm. Sci. 47, 127 (1958)

Iga, K., Hirai, S. and Yashika, T. Int. J. Pharmaceut.
6, 43 (1980)

De Boer, A.G. and Breimer, D.D. Drug Absorption, 6,

Rectal Absorption: Portal or Systemic (1981). Proc.

Int. Conf. Drug. Absorption, 1979, pp. 61-7Z, Ed. Prescott,
L.F. and Nimmo, W.S. Publ. ADIS Australas, Sydney, Australia

Kendall, M.G. Rank Correlation Methods (1970) 4th Edn.
Griffin, London, England

Liversidge, G.G. and Grant, D.J.W. Drug. Develop. Ind.
Pharm. 8.

RIGHTS

iy





