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Summary

We have evaluated whether the addition of either bradykinin or histamine favours the lymphatic absorption of
human recombinant interferon-az (IFN-a2) administered by the subcutaneous route. Subcutaneous
administration of IFN-a2 with bradykinin enhances IFN absorption via both capillaries and lymphatics, so that
either the plasma or lymph areas under the concentration curves (AUC) increase significantly up to 1751+483
and 1319608 IU/ml/min respectively as compared to the respective AUC values (613+208 and 483+213
IU/ml/min) obtained after IFN injection in normal saline. Since the lymph AUC/plasma AUC ratios remain
unaltered, there is no preferential lymphatic absorption of IFN-a2 after bradykinin administration. Dual-label
experiments, 129-IFN-a; in saline and 13!l-IFN-a> in saline containing 200 ug histamine were injected
subcutaneously into the left and into the right shank of the same animal, gave similar results. The kinetics of 129

and 131 acid-soluble radioactivity confirm that histamine favours both plasmatic and lymphatic absorption.
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Introduction

Several pharmacokinetic studies have been
carried out in patients and animals (Bocci 1987) after
intravenous, intramuscular, and subcutaneous (s.c.)
administration of cytokines. These routes of
administration lead to considerable dilution in body
fluids (Bocci 1982), conspicuous renal filtration with
tubular catabolism (Bocci et al. 1983) and binding to
endothelial and parenchymatous cells, which result in
toxic effects (Scott 1984, Rosenberg et al. 1987, West
et al. 1987). 1If cytokines were absorbed preferentially
through the lymphatics, they would interact almost
exclusively with immunocompetent effector  cells
abundantly present in lymph and lymph nodes. If less
cytokines reached the plasma, toxic effects, which are
dose- and plasma-level dependent, would be minimized
(Scott 1984). Because the direct intralymphatic route is
not practical for prolonged and repeated
administration, we sought to overcome this difficulty by
s.c. multiple injections of cytokines dissolved in a
hyperoncotic human albumin solution (Bocci ef al.

1988a,b, 1990), thus increasing the interstitial fluid
pressure and favouring the absorption of solutes via the
lymphatics. The absorption of cytokines from the
subcutis is variable and depends on their chemical
composition, on the chemical interactions with the
interstitial phase, on the volume and colloid osmotic
pressure of the injected solution, on the location of the
injected site and on the activity of the underlying
muscles (Bocci 1984). Substances such as histamine
and bradykinin are well-known local compounds
produced during inflammation and responsible for
local vasodilatation, increase of vascular permeability
and oecdema (Owen 1987, Salmon and Higgs 1987). In
this study we have tried, in the rabbit, to evaluate
whether the addition of either bradykinin or histamine
favours the lymphatic absorption of human
recombinant interferon-a; (IFN-az) administered via
the s.c. route and whether this approach is more
advantageous than the addition of human albumin.
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Methods

IFN-a; preparation and labelling. Human
recombinant interferon-az (Intron-A, Schering-Plough,
Milano, Italy) with a specific activity of 2x108 TU/mg
proteins was used throughout the experiments. Just
before the injection, either bradykinin (Clinalfa,
Laufelfingen, Switzerland) or histamine (IBIS, Firenze,
Italy) were added at final concentrations of either 50 or
200 ug/ml, respectively. Labelling was carried out as
described by Mogensen and Uzé (1986) using either
carrier-free 1311 or 151 (Amersham, Little Chalfont,
England). Using this method, the metabolic behaviour
of the labelled IFN was found to be indistinguishable
from that of cold IFN (Bocci et al. 1983). After
iodination, antiviral activity of IFN was practically
unchanged and the trichloroacetic acid-soluble
radioactivity was no more than 2 %. Radioactivity was
counted in a well counter (Clinigamma single, LKB,
Bromma, Sweden) that was particularly useful in
differentiating of 1251 from 1311 radioactivity when both
were injected simultaneously into the same animal.

Animals. New Zealand male rabbits (2.5-2.8
kg) were kept under conventional conditions for 2
weeks and appeared to be healthy before the
experiments. In order to facilitate the localization of
the cisterna chyli, the animals were fasted for 2 days
before the experiment (water ad libitum), except for
about 50 g of pellets soaked in olive oil, given the night
before the experiment. To ascertain the local
oedematogenic effect of bradykinin, three rabbits, after
abdomen shaving and depilation, received an s.c.
injection into four sites with either 0.2 ml saline (right
side) or 0.2 ml of saline containing 5, 10, 15, or 20
micrograms of bradykinin (left side). Immediately
thereafter, 2 ml of Evans blue (1 mg/ml saline) were
injected intravenously. In order to evaluate local
staining due to the extravasation of Evans blue bound
to albumin, photographs were taken every minute
during the following 15 min and then after the next 30,
45, 60, 120, 180, 240 and 300 min.

Surgery. Rabbits were anaesthetized with 30
mg/kg body weight of pentobarbital sodium
(Nembutal, Serva, Heidelberg, Germany) dissolved in
saline and injected into the left marginal vein. The right
marginal vein was cannulated and a peristaltic pump
(LKB, Bromma, Sweden) provided a constant infusion
of about 7ml/h of Emagel (Behringwerke,
Marburg/Lahn, Germany) which contained 4 mg/ml
piperacillin (Avocin, Lederle, Wayne, USA) and
4 mg/ml pentobarbital sodium. Piperacillin was used in
order to reduce -bacterial growth after laparatomy.
After a midventral laparatomy, the cisterna chyli was
exposed and cannulated as indicated by Jakab et al.
(1980) except that the polythene cannula (ID 0.58 mm)
was kept in place with Histoacryl (Braun, Melsungen,
Germany). The jugular veins were exposed and, at
predetermined times, blood was withdrawn by means
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of disposable insulin-type syringes. After the surgery,
the animals were maintained sedated with Nembutal
added to Emagel as described above, with their hind
legs in an extended position. Lymph flowed
continuously and was collected in heparin hourly for 10
h and blood was collected in heparinized tubes at
predetermined times. Because the thoracic duct was
not closed, collection of lymph was partial and we
could assess only the IFN concentration. Nonetheless,
lymph volumes were measured and then lymph and
blood samples were centrifuged for 10 min at 2000 x g
and at 4 °C. Cell-free lymph and plasma were stored at
—20 °C until IFN and radioactivity were determined.

Administration of IFN. In experiments with
bradykinin a single dose of 107 units of IFN-a in 1 ml
of either saline (control) or in 1 ml saline containing
50 pg bradykinin were administered subcutaneously in
three sites of the shanks (about 15 ug per site), after
having shaved and depilated the skin the day before.
For the evaluation of the role of histamine, rabbits
received orally 0.5 ml of 5 mg/ml cold Nal solution, 12
h before the experiment. Thereafter, they received a
s.c. injection simultaneously with 3 uCi of 1251 IFN-a;
in saline in the left shank and 3 uCi of 31I-IFN-a; in
saline containing histamine in the right shank. Acid-
soluble radioactivity was expressed as a percentage of
total  radioactivity  after  precipitation  with
trichloroacetic acid at a final concentration of 10 % in
the presence of cold Nal. Protein-bound radioactivity
was obtained by substracting acid-soluble radioactivity
from total radioactivity and expressed as cpm/ml. The
increase  of  acid-soluble  radioactivity after
administration of radiolabelled IFN is due to an
increased catabolism of the protein.

IFN determination. 1FN titers were determined
using the cytopathic effect reduction assay (Armstrong
1981) using WISH cells and Vesicular Stomatitis Virus.
All samples were assayed at least twice in triplicate.
The assays were always made employing the N.LH.
human IFNa international preparation (reference n°
Ga 23-902-530). All titres were expressed in
international units per milliliter (IU/ml).

Data analysis. All the data are expressed as
mean * standard deviation (S.D.). The IFN-a;
distribution and kinetic patterns depending on the type
of administration and drugs were evaluated comparing
the resulting area under the plasma or lymph
concentration curve (AUC) and peak IFN
concentration (Cmax). The AUC and Cmax of IFN-a3 in
plasma and lymph (either IU/ml or cpm/ml} were
obtained fitting the data by the program SAAM 29
(Berman and Weiss 1977). The calculation was
performed using the defined integral

B
- flx)dx
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were A-B is the time interval during which the AUC
was calculated corresponding to the first and last
sampling point. The resulting values were then divided
by the total sampling time in order to obtain the
concentration as a function of the experimental time.
Rather than comparing the lymph/plasma ratio at
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individual times, we preferred to use the lymph
AUC/plasma AUC ratio, as it gave an overall estimate
of the absorption pattern and distribution.

Statistical analyses were performed using
Student’s t-test, with p<0.05 (two-tailed) as the
minimal level of significance.
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Distribution of human recombinant IFN-a; in rabbit lymph (columns) and plasma (full dots) after s.c. injection of
107 units IFN in saline (bottom) or in saline containing 50 #g bradykinin (top). Values are expressed as means *

S.D. (n = 6).
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Results

The oedematogenic effect of bradykinin is so
rapid that already 1 min after intravenous injection of
Evans blue we noticed initial staining at the site of the
s.c. injection of bradykinin, reaching maximal intensity
15 min later. The effect of bradykinin is dose-
dependent and it is maximal at a concentration as low
as 15 ug per site (data not shown). Neither staining nor
oedema was visible at the sites injected with saline.

After s.c. administration in saline, IFN-a; was
absorbed by both blood and lymphatic capillaries, the
plasma and lymph AUC being of 613+208 IU/ml/min
and 483+216 1U/ml/min, respectively. Thus, besides
some small differences in the lymph and plasma Cpay,
the lymph AUC/plasma AUC ratios were about
0.78+0.16 indicating no preferential absorption
through the lymphatics (Fig. 1, bottom panel, Fig. 2).
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Plasma (empty columns) and lymph (hatched columns)
areas under the curve (AUC) obtained after s.c.
injection of 107 units of IFN-a in saline or in saline
containing 50 ug bradykinin. Values are expressed as
means = S.D. (n = 6). *P < 0.05 in respect to AUC
values obtained after IFN injection in saline.

The addition of bradykinin to the same dose of
IFN-a; markedly enhanced IFN absorption via both

blood and lymphatic vessels (Fig. 1, top pancl), so that

IFN concentrations in either plasma or lymph were
almost doubled, the Cmax values being 2668+1749 and
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2861+1210 IU/ml, respectively (Fig. 1, top pancl).
Moreover, both the plasma and the lymph AUC
increased significantly (p<0.05) up to 1751+483 and
1319£608 IU/ml/min (Fig. 2). The lymph
AUC/plasma AUC ratios increased up to 0.9+0.7, but
these values were not statistically significant in respect
to those obtained after IFN injection in normal saline.
The s.c. administration of IFN-a; with bradykinin did
not cause a noticeable change of lymphatic flow that
remained almost constant at a rate of 3.5+ 1.5 ml/h.

In order to overcome a considerable
interindividual variability, the histamine oedematogenic
effect was evaluated using the approach of injecting
IFN-az labelled with either I (saline) or 1311
(histamine) into the same animal on the left and on the
right shank, respectively. Fig. 3 shows the lymph and
plasma protein-bound radioactivity after a typical dual-
label experiment carried out in three rabbits. It can be
noted that the lymphatic levels of '3'I-IFN-a; (Fig. 3,
top panel) injected with histamine were much higher
than levels of 1ZI-IFN-a; injected with saline alone
(Fig. 3, bottom panel), suggesting that histamine
favoured absorption of IFN from the subcutis.
Moreover, the plasmatic -~AUC were 606+70
cpm/ml/min after IFN s.c. injection in saline and
increased  significantly (p<0.05) up to 1755%138
cpm/ml/min after IFN injection with histamine.
Although the data of the lymph AUC could not be
statistically evaluated because of the lack of some
lymph samplings in onec rabbit, they represent a
biologically noticeable difference obtained in the same
animal. The distribution pattern of the 12T acid-soluble
radioactivity was interesting. It was very high in the
plasma and lymph samples harvested during the first
hour, it decreased during the next three hours and it
increased again towards to the end of the experiment
(Fig. 4). On the other hand, 13! acid-soluble
radioactivity was negligible in the first samples and
continuously increased during the experiment (Fig. 4).

Discussion

It has been postulated (Bocci 1984) that, when
IFN is used as an immunoenhancer, it should mainly
interact with lymphoid cells and it should therefore be
administered via the lymphatic route. There are several
reasons for justifying the preference of this route.
Firstly, concentrations of lymphoid cells are 15 to 1000
fold greater in the lymph and lymph nodes than in the
plasma, and an increased IFN concentration in the
lymph pool should augment the immune response with
minimal toxicity. Secondly, IFN causes an enlargement
of lymph-nodes and enhances cell activation (Hein and
Supersaxo 1988). Thirdly, the release of suppressive
components such as prostaglandin E2 and transforming
growth factor f1, both potent inhibitors of cell-
mediated immunity, should be much higher
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Fig.3
Distribution of human recombinant IFN-ay, (expressed as protein-bound radioactivity) in rabbit lymph (columns)
and plasma (full dots) after s.c. injection of 3 uCi of either 5I-IFN-a; in saline in the left shank (bottom) or 131

IFN-a3 in saline containing 200 ug histamine in the right shank (top). Values are expressed as means *+ S.D.
(n=3).
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Fig. 4
Acid-soluble radioactivity in rabbit lymph and plasma after s.c. injection of 3 xCi of either 1ZI-IFN-a3 in saline

(open circles) in the left shank or 3I-IFN-a3 in saline containing 200 g histamine (full dots) in the right shank.
Values are expressed as means + S.D. (n=3).
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in the blood than in the lymph owing to the presence of
monocytes, platelets and neutrophils. Moreover, owing
to the nonselectivity of IFN in the blood, it binds to
parenchymal cells causing adverse effects.

The intralymphatic infusion of IFN directly
into a lymphatic duct with the aid of a pump is possible
but is not practical for prolonged treatment. For this
reason, we have suggested the indirect method
consisting of the s.c. administration of IFN in a
hyperoncotic (20 %) human albumin solution. Animal
studies (Bocci ef al. 1988a,b) as well as preliminary
evaluation of the pharmacokinetics of interleukin-2 in
patients (Gramatzki et al. 1986) show that an increased
lymphatic absorption of cytokines in the presence of
albumin occurs. However, the increase is not dramatic
and we felt compelled to undertake the present study
to evaluate whether other oedematogenic agents such
as prostaglandins, the platelet activating factor,
histamine and bradykinin are more effective than
albumin. However, in this preclinical phase we have
limited the investigation to the latter two drugs because
they are practically painless after s.c. injection. It is well
known that bradykinin and histamine exert
inflammatory activitiecs and produce oedema by
increasing protein leakage from the vasculature to the
interstitium, the macromolecular leakage occurring
primarily from the small venules or the venular ends of
capillaries (Miller and Sims 1986). Moreover,
bradykinin induces interleukin-6 and prostaglandin
production that may have further modulatory effects
(Neppl et al. 1991, Vandekerckhove et al. 1991, Lerner
and Modéer 1991). Our results demonstrate that both
bradykinin and histamine are unable to enhance the
lymph AUC/plasma AUC ratio after s.c. IFN injection
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significantly, indicating that IFN-a; administered
together with bradykinin is not preferentially absorbed
via lymphatic capillaries. On the other hand, these
drugs significantly increase both the lymph and plasma
AUC as compared to those obtained after IFN
administration in saline, clearly indicating that IFN
absorption is enhanced from the injection sites. This
conclusion is also supported by the observation of the
different kinetics of 121 and 13 acid-soluble
radioactivities in dual-label experiments probably
caused by the different time of IFN permanence in the
subcutis. In fact, after the injection of 131I-IFN-a; with
saline containing histamine, the 13-acid-soluble
radioactivity was very low in the first 30 min and
increased continuously during the 10 hours of the
experiment. In such a case histamine, which increases
both plasmatic and lymphatic IFN absorption, reduces
IFN residence time in the subcutis. Alternatively, after
the injection of !2I.IFN-ay in saline alone, IFN
remains in the subcutis for a longer time and local
proteolysis may be responsible for the high initial 1251
acid-soluble radioactivity observed in lymph and
plasma samples.

In conclusion, histamine and bradykinin
appear to facilitate the bioavailability of interferon
after s.c. administration but do not allow a selective
increase of its lymphatic absorption that would be
highly desirable for improving the therapeutic index of
interferon.
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