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Summary

Release rates from intramuscular and intra-adipose injection sites have turned out to be dependent upon several factors including
injection depth. Little is known about the interaction between drug lipophilicity and transport rate of drugs through adipose and
muscle tissue. The principal objective of the present study was to determine to what extent drug lipophilicity affects release and
release rate from adipose tissue. Nine pigs were given intravenous (0.1 mg/kg), intramuscular (0.2 mg/kg) and intra-adipose (0.2
mg/kg) injections of propranolol, alprenolol, carazolol, metoprolol and atenolol. The fraction not-absorbed vs time plots after
intramuscular and intra-adipose injection showed a biphasic decline for all model compounds with the exception of atenolol being
the most hydrophilic drug. This biphasic decline indicates that two different mechanisms may be involved in drug release. Initial
release rates after intra-adipose injection were negatively correlated (Kendall’s rank order test) with fat-buffer partition constants.
The second release phase was best characterized by the extent of 24 h release. The amounts (mean + S.D.) released after 24 h for
propranolol, alprenolol, carazolol, metoprolol and atenolol are 42 + 15, 38 + 9, 45 4 18, 48 + 12 and 99 + 12% following intra-adipose
injection and 57 + 8, 36 + 18, 38 + 15, 55 £ 14 and 104 + 14% after intramuscular injection, respectively. Incomplete release at 24 h
can be explained by the sunk solvent drag after absorption of the solvent is complete. Octanol-buffer partition and pig-fat-buffer
distribution constants turned out to be positively correlated.

Introduction (Evans et al., 1975; Mundie et al., 1988), injection
site (Wise and Reeves, 1974), sex, molecular size

Intramuscular (i.m.) and subcutaneous (s.c.) in- (Ballard et al., 1968), pK, (Kurosaki et al., 1988),

jections are important routes of drug administra-
tion and can be used to provide a sustained re-
lease of the active ingredient. Release rates from
these injection sites have appeared to be depen-
dent upon several factors such as body movement

Correspondence: F. Kadir, Department of Pharmaceutics, Uni-
versity of Utrecht, Croesestraat 79, 3522 AD Utrecht, The
Netherlands.

drug solubility (Hirano et al,, 1981), injection
volume, injection depth, initial concentration,
blood supply at the injection site (Evans et al.,
1975) and injection technique (Brumback et al.,
1982; Hornig and Dorndorf, 1983; Laube et al.,
1988).

Recently, the available literature on injection
depth has been reviewed and a number of studies,
case reports and mechanisms of release and ab-
sorption have been discussed (Zuidema et al.,
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1988). Many of the failures of parenteral drug
treatment and prophylaxis mentioned in this re-
view could be explained by too shallow an injec-
tion. Drugs which were meant to be given in-
tramuscularly were probably deposited in the sub-
cutaneous adipose fat layer, which is supposed to
have stronger retarding effects on drug release
than muscle tissue. An unexpected retardation of
drug release will result in low drug levels which
may lead to reduced efficacy of treatment. Too
shallow an injection has turned out to be of con-
siderable risk especially in the gluteal region in
women (Modderman et al., 1982, 1983). This ex-
plains the often observed sex differences in in-
tramuscular drug absorption rate (Pieters et al.,
1986).

Morrison (1982) was the first to use the term
‘intra-adipose’ to describe the intended injection
in the subcutaneous adipose layer. In accordance
with his suggestion, this term (henceforth referred
to as i.ad.) will be used throughout this article.

From the review mentioned above (Zuidema et
al., 1988) it appeared that insufficient knowledge
is available on the interaction between drug lipo-
philicity and transport rate of drugs through
adipose or muscular tissue.

The principal objective of this study was there-
fore to investigate to what extent drug lipophilic-
ity affects release and release rate from adipose
and muscular tissue.

In addition, it was considered interesting to
establish whether the partition characteristics of
the test drugs between adipose tissue and water
could effectively be described by their octanol-
water partition constants. This possibly enables
one to relate the release properties of a drug to its
documented octanol-water partition coefficient.

As pig adipose tissue resembles that in humans
both chemically and physiologically, the pig was
chosen as an animal model. The following B-
blocking agents were used as test drugs: pro-
pranolol, alprenolol, carazolol, metoprolol and
atenolol in order of decreasing lipophilicity. These
drugs are an ideal group of model compounds,
since they differ markedly in lipophilicity but only
slightly in pK, (see Table 2).

Carazolol is a fS-blocking agent which is used
for the treatment and prevention of complications

resulting from stress in pigs. With regard to re-
sidue problems in meat it is an interesting drug in
veterinary practice (Ballarini and Guizardi, 1981;
Bostedt and Rudloff, 1983).

Materials and Methods

Injection solutions

Aqueous solutions of propranolol, alprenolol,
metoprolol and atenolol were prepared by dissolv-
ing propranolol and alprenolol as their hydrochlo-
ride salts (gifts from ICI-Farma, Rotterdam, The
Netherlands), metoprolol as the tartrate salt and
atenolol as the basic compound (both gifts from
Astra Pharmaceutica B.V., The Netherlands), re-
spectively. These injection solutions contained 20
mg of the corresponding parent compound per ml.
NaCl was added to isotonicity, the pH being
adjusted to 7.4 with HCl or NaOH solutions (1.0
N) if necessary. The solutions were sterilised by
autoclaving (15 min at 121°C). Drug contents
were determined after sterilisation and deviated
by less than 5% from the declared amount.

Animals

The experiments were performed with nine
healthy castrated conventional pigs from the Uni-
versity’s breeding farm (Great Yorkshire X Dutch
Landrace, F1-hybrids; body weight: 96-116 kg).
The pigs were placed in individual metabolic pens
provided with facilities for drinking (ad libitum)
and eating (twice daily 0.75 kg pelleted and anti-
biotic-free food, Eemstroom-Leusden, The Neth-
erlands).

In order to facilitate blood collection during
the experiment, an indwelling catheter was placed
in the external jugular vein. Surgery was per-
formed 2 days before the start of the experiment.
The catheter was fixed at the rear of the neck in
order to be freely accessible for sampling (Pijpers
et al., 1989).

Injection technique / dosage

The thickness of the subcutaneous fat layer at
the injection site (dorsal neck region) was mea-
sured using a Digital Back Fat Indicator (Ren-
coLean-Meater®, Renco Corp., Minneapolis) and
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days). After determination of the thickness of the
fat layer, the drugs (with the exception of carazo-
lol) were administered alternately on the left and
right dorsal neck region: intra-adiposely (i.ad.),
0.2 mg/kg; intramuscularly (i.m.), 0.2 mg/kg; or
intravenously (i.v.), 0.1 mg/kg. Intravenous injec-
tions (0.1 mg/kg) were given via the inserted
cannula. For carazolol the procedures were simi-
lar, however with different dosages.

Depending upon the body weight of the indi-
vidual pig, volumes varying from 0.96 to 1.16 ml
corresponding with dosages of 0.2 mg/kg were
administered i.ad. and i.m. Carazolol was adminis-
tered iv., im. and i.ad. in a dose of 0.025 mg/kg
(5 ml) as the commercially available solution

Quacron® (gift from Uniohn Veterinarv Divicion
suacron (gul irom Upjohn velennary avision,

Ede, The Netherlands).

Intra-adipose injections were given using either
a 25-gauge 5/8 0.5 x 16 (B-D®, Microlance) or a
26-gauge 1/2 0.45 X 13 (Jecton-S) needle depend-
ing upon the thickness of the fat layer as measured
before injection. Intramuscular injections were ad-
ministered with an 18-gauge 3/2 1.2 X 40 (Braun,
Sterican®) needle. Intravenous administrations (0.1
mg/kg) were given via the inserted cannula.

Intra-adipose and intramuscular injections were
applied at an angle of 45 and 90°, respectively,
and immediately after injection it was checked
whether solution leaked back along the track of
the needle.

Study design

The study was conducted with two (n =15 and
n =4y groups of pigs. One group received three
and the other group received two test drugs in a
cross-over design, each drug being administered
iv., im. and i.ad. Five pigs (randomly assigned)
received propranolol, alprenolol and carazolol
while the remaining four received metoprolol and
atenolol (wash-out period: 1 day).

Blood samples, 5 ml each time, were drawn at
regular times beforehand and at 10, 20, 30, 45 and
60 min and 2, 3, 4, 6, 8§ 10 and 24 h after
injection. Blood was allowed to clot for about 45
min and centrifuged (15 min, 2000 X g). Serum

173

was transferred to a glass tube and stored at

-20 < C until anrﬂ\rme
Y818,

Analysis of blood samples

Drug concentrations of propranolol, alprenolol
and metoprolol in serum were determined using
the HPLC method with fluonmetric detection
according to Duchateau (1986). Atenolol con-
centrations in serum were determined as described
by Gengo et al. (1989). Carazolol concentration in
serum was determined using a reversed-phase
HPLC method developed for this study (Kadir
and Zuidema, 1990).

Determination of partition coefficients
The distribution of the drugs between adipose
fat and an isotonic phosphate buffer solution (pH

—~—'7A\ was determined on frPch]v exciced and

homogemz.ed (using an Ultra—Turrax mixer) adi-
pose tissue. Partition constants between octanol
and phosphate buffer were determined using the
shake-flask method (Schurman and Turner, 1978;
Dunn et al., 1986).

Pharmacokinetic and statistical analysis

The elimination rate constant (ko) was de-
termined by fitting the individual data from the
terminal part of the intravenous drug concentra-
tion in serum-time profiles to the log-linear regres-
sion analysis. Maximum concentrations, C,..,
were read directly from the drug concentration in
serum vs time data. Distribution volumes (V)
were calculated by dividing the absolute amount
of drug administered (i.v.) by the extrapolated
concentration for ¢ = 0. Clearance values were ob-
tained by multiplication of k, and V. AUC val-
ues were calculated by the linear trapezoidal rule.
Extrapolation to infinity was performed, where
possible, using the last measured serum concentra-
tions divided by the corresponding intravenous k.
values.

The fraction non-absorbed data were calculated
from the cumulative AUC per time point divided
by the corresponding intravenous AUC until in-
finity and corrected for differences in dose. The
release rate (rr) constant was calculated from these
plots by log-linear regression analysis over the
first linear part of the curve.
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Fig. 1. Individual serum concentration-time profiles following intra-adipose injection (0.2 mg/kg) of propranolol, alprenoloi,
metoprolol and atenolol.

The concentration-time curves are individually sary for the fraction not-absorbed plots. These are
presented in order to avoid false characteristics presented as mean plots. Data were considered to
(Zuidema and Wynne, 1989). This was not neces- be normally distributed when the mean was greater
TABLE 1

Kinetic parameters (mean + S.D.) following intravenous administration and the 24 h release after intramuscular (FR*™ ) and intra-adipose
(FR"*%) administration

kg (W71 Valkg™) Clah™' kg™ FR; . FRim,
Propranolol 0.31 £ 0.08 291+ 0.58 0.90 +0.17 42115 57+ 8
Alprenolol 0.72 £ 0.16 1.45 + 047 0.99 +0.24 38+ 9 36+ 18
Carazolol 0.37+0.16 0.45 £ 0.16 0.16 + 0.07 45+18 38+15
Metoprolol 0.41 £ 0.07 2.60+0.71 1.05+0.38 48 +12 55+ 14
Atenolol 0.28 +0.08 1.95+0.30 0.54 +0.13 99+ 12 104 + 14

Cl, total clearance; k., elimination constant; ¥, distribution volume.
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Fig. 2. Serum concentration-time profiles following intramuscular injection (0.2 mg/kg) of propranolol, alprenclol, metoprolol and
atenolol.

than 2-times the standard deviation of the data set
and no indications of deviant distributions ex-
isted. Standard deviations are given as a disper-
sion measure. For difference testing, paired and
non-paired 7-tests and for correlation the Kendall’s
rank order test have been applied. The level of
significance was chosen at o = 0.05.

Results

Individual drug profiles in serum following in-
tra-adipose and intramuscular administrations are
shown in Figs 1 and 2, respectively.

The pharmacokinetic parameters derived from
the intravenous administrations and the extent of
24 h release after intramuscular and intra-adipose

administrations are summarized in Table 1. Re-
sults are expressed as mean + S.D.

Table 2 summarizes the pX, values, release
rates (rr), pig-fat-buffer distribution constants and

TABLE 2

Pig-fat-buffer distribution constants, pK,,, release rates {rr} and
Crax (mean + S.D.) values after intra-adipose infections of the
test drugs

pK, Pn miSD. Crnax £SD.
(min™1) (ug 171
Propranclol 9.5 380 00011400002 47% 5
Alprenolol 97 215 0.0017£0.0005 112424

Carazolo! 95 202 0.0025+00010 161454
Metoprolol 97 0.65 0.0041+0.0010 100437
Atenolot 96 003 0.0043+00008 259126
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Fig. 3. Serum concentration-time profiles following intra-adipose (2) and intramuscular (b) administration (0.025 mg/kg) of
carazolol.
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Fig. 4. Fraction not-absorbed drug vs time after i.ad. (a) and i.m. (b) administration.



Cpae values of the test drugs following intra-
adipose administration. Results are expressed as
mean + S.D.

The carazolol concentration in serum vs time
curves after intramuscular and intra-adipose ad-

ministration are presented in Fig. 3.

The fraction not-absorbed plots of the five test

drugs 24 h after intramuscular and intra-adipose
administration are shown in Fig. 4a and b, respec-
tively. Both sets of the fraction not-absorbed
curves (i.e. intramuscular and intra-adipose) of all
model compounds with the exception of atenolol
show a biphasic decline: a rapid phase followed
by a very slow release.

The rate of the initial release phase can be
characterized by its slope over the first linear part.
These slopes represent release rates. Fig. 5 shows
the relation between release rate (reflected by the
slope of the initial phase) and drug lipophilicity.
By performing a non-parametric rank correlation
test (Kendall) on these data a significant negative
correlation could be established.

The second phase is the best characterized by
its 24 h release. It turned out that the absorption
was incomplete at 24 h for all drugs with the
exception of the hydrophilic atenolol after both
intramuscular and intra-adipose administration.
The released amounts for propranolol, alprenolol,
carazolol, metoprolol and atenolol were 42 + 15,
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Fig. 5. Correlation between the fat-buffer distribution con-

stants and release rates (reflected by the slope) on intra-adipose

administration of propranolol (Pr), alprenolol (Al), carazolol
(Ca), metoprolol (Me) and atenolol (At).
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Fig. 6. Correlation between the octanol-buffer partition and
pig-fat-buffer distribution coefficients of the S-blocking agents.

38+9, 45+ 18, 48 + 12 and 99 + 12% following
intra-adipose injection and 57 + 8, 36 + 18, 38 +
15, 55+ 14 and 104 + 14% after intramuscular
injection. The difference in extent of release at 24
h between the more lipophilic drugs propranolol,
alprenolol, carazolol and metoprolol was not stat-
istically significant. However, differences between
these test agents and atenolol did result in statisti-
cally significant differences after both intramuscu-
lar and intra-adipose injections (paired and non-
paired t-tests).

Following intramuscular administration the
variation in C,,, values was higher than those
observed on intra-adipose injection. Coefficients
of variation following intramuscular and intra-
adipose injection were 28, 18, 47, 80 and 59% and
11, 21, 34, 37 and 10% for propranolol, alprenolol,
carazolol, metoprolol and atenolol, respectively.

Fig. 6 shows the relation between fat-buffer
distribution and octanol-buffer partition coeffi-
cients.

Discussion

The biphasic decline of the fraction not-ab-
sorbed curves suggests that at least two different
mechanisms are involved in the release of the
intra-adipose and intramuscular depots.

With regard to the initial release rate values,
significant differences between the test drugs on
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intra-adipose injection were observed. Fig. 5 dem-
onstrates that these initial release rates after
intra-adipose injection are negatively correlated
(Kendall’s rank order test) with fat-buffer parti-
tion constants. The release rates are higher and
more variable after intramuscular than after
intra-adipose administration.

These results can be explained by assuming
that fat-containing components of the tissue have
stronger retarding effects on more lipophilic drugs.
One can imagine that this is caused by a dif-
ference in diffusion rate through the layers, which
may behave like some kind of chromatographic
system. Moderately hydrophilic substances are
mainly transported through the intercellular aque-
ous media whereas the transcellular route is more
important for lipophilic substances. As adipose
blood supply is localized in the interconnective
fibrous tissue surrounding and interconnecting the
adipocytes, hydrophilic drugs are supposed to re-
ach the capillary vessels sooner than lipophilic
compounds. This hypothesis is supported by a
recent study of Artursson and Karlsson (1990) on
the relative contributions of the transcellular and
paracellular pathways to the overall in vitro in-
testinal transport of a series of B-blocking agents.
From this study, it appeared that non-cellular
resistance increased with increasing lipophilicity
while cellular resistance was high at low lipophilic-
1ty.

The slope of the second phase within the ob-
servation period is too small to be caiculated with
sufficient accuracy from the few observation
points. Therefore, the second release phase in this
experiment is best characterized by the extent of
24 h release. The extent of 24 h release after
intra-adipose administration turned out to be de-
pendent upon the lipophilicity of the drug. More
lipophilic drugs such as propranolol, carazolol,
alprenolol and, to a lesser extent, metoprolol show
incomplete release at 24 h, whereas only the most
hydrophilic drug, atenolol, is absorbed quickly
and completely after both i.ad. and i.m. injection.
The incomplete 24 h release of carazolol has also
been observed in a study with intramuscular injec-
tions of radiolabeled carazolol (Rudloff, 1982).

Incomplete release at 24 h or a slow second

phase release can be explained either by the sunk
solvent drag after the absorption of the solvent
components is complete, or by the supposition of
binding occurring at the injection sites and subse-
quently a very slow release, or by tissue metabo-
lism at the injection site.

The first explanation of the changing solvent
drag is self-evident and the most likely. The very
hydrophilic atenolol is then absorbed at a rate
about the same as or even higher than that of the
solvent components. This explanation has been
adopted in the literature in a study with in-
tramuscular phenytoin (Kostenbauder et al., 1976).

With regard to the second possibility, protein
components within muscle tissue itself as well as
components from intercellular spaces could be
involved in protein binding.

The third possible explanation for the incom-
plete 24 h release after intramuscular administra-
tion might be that the model compounds are
metabolized at different rates by rapid tissue
metabolism. However, there is no evidence in the
literature to support this hypothesis.

The greater variation in C,,, after intramuscu-
lar administration might be explained by the ob-
served variation in body movement between the
animals, since absorption at the intramuscular in-
jection site is susceptible to changes in blood flow
(Zuidema et al,, 1988). Although the metabolic
pens in which the animals were fixed were quite
small, movement was still possible and increased
as the pigs became familiar with the experimental
conditions. Furthermore, tissue sites at which the
drug is actually deposited should also be consid-
ered. Injections into muscular tissue can be either
intramuscular or intermuscular, resulting in differ-
ent absorption rates (Groothuis et al., 1980;
Marshall and Palmer, 1980).

It should be mentioned that although the ut-
most care was taken with the intra-adipose and
intramuscular injection techniques, the possibility
that some injections did not reach the target tissue
should be taken into consideration as well. Never-
theless, a number of conclusions can be drawn
from the present study.

The release rate following intra-adipose and
intramuscular injection is biphasic in general.



The initial release rate is dependent on the drug
lipophilicity, after intra-adipose injection being
lower for more lipophilic drugs.

The 24 h release after both intramuscular and
intra-adipose injection is incomplete for lipophilic
B-blocking agents, indicating a slow second re-
lease phase.

Injection depth and thickness of subcutaneous
fat layers should be taken into account carefully,
especially when highly lipophilic drugs are in-
jected. Intramuscularly injected drugs are ab-
sorbed with both rate and extent varying over a
considerable range of values. After intra-adipose
injection drug absorption is slower but shows less
variation.

Octanol-buffer partition and pig-fat-buffer dis-
tribution constants have turned out to be posi-
tively correlated, which enables one to predict
drug release by means of its partition constants.
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