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Abstract. Interferons (IFN) have been approved for a number of clinical uses. The
accepted routes of administration are intramuscular, subcutaneous, and intravenous.
Recently, interferons administered by the oral route have been shown to exert a systemic
effect. Oral administrations of IFN-a, IFN-3, and IFN-y have been shown to cause a
suppression of the peripheral white blood cell (WBC) count in mice.This study investi-
gates the mechanism by which this suppression occurs. The results show that, in
contrast to their intraperitoneal administration, oral administration of rHulFN-cA/D or
rMulFN-v does not result in the presence of detectable levels of interferons in the blood.
In addition, although the presence of circulating specific antibody to interferon blocks
the peripheral WBC suppressive effects of intraperitoneally administered MulFN-3 or
rMulFN-v, the presence of those antibodies does not block the peripheral WBC sup-
pressive effects of the orally administered interferons. The peripheral WBC suppressive
effect of orally administered rHulFN-aA/D and rMulFN-v can be transferred by injection
of blood from oral interferon-treated donor mice to recipient mice. Recipient mice
receiving plasma from donor mice showed no peripheral WBC suppression. Recipient
mice receiving blood cells from donor mice showed significant peripheral WBC suppres-
sion. No effect of orally administered rHulFN-aA/D on the relative percentages of
lymphocytes, neutrophils, and monocytes was noted. These results indicate that the
mechanism by which orally administered interferons exert their WBC suppressive effect
ditfers from that of intraperitoneally administered interferons. WBC suppression resulting
from orally administered interferons may involve cell to cell transfer of the interferons’
effects, rather than the systemic distribution of the interferons in the blood. These
studies further suggest that there may be a role for oral administration as a new route
of interferon administration and provide a glimpse into the mechanism by which the

orally administered interferons exert their systemic effects.
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number of clinical applications (1). For these clin-
ical applications, interferons are currently admin-
istered subcutaneously, intramuscularly, or intrave-
nously. However, there are several limitations with
these routes of administration. IFN-8 and IFN-v appear
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to be retained at the local site of injection and are not
well distributed after subcutaneous or intramuscular
injection (2).

A number of studies have addressed whether the
oral route may serve as an effective route of interferon
delivery. These studies have provided some evidence
that the oral route of interferon administration may
exert local (3-10) or, possibly, even systemic (11-13)
antiviral effects.

Recently, the oral route of interferon administra-
tion was evaluated for its ability to exert a systemic
effect, suppression of peripheral white blood cell (WBC)
counts (14). Suppression of peripheral WBC counts was
chosen for evaluation because it represented a rapidly
occurring effect of interferon that could be readily
quantitated. In this study, each of the three interferons
(rHulFN-aA/D, MulFN-3, and rMulFN-v) was shown



to exert a significant suppressive effect on the peripheral
WBC count. However, the dose-response curves ob-
tained with orally administered interferons were more
shallow than those obtained with subcutaneously ad-
ministered interferons, which suggests that the interfer-
ons administered by different routes might exert their
WBC suppressive effects via different mechanisms.
The current study explores the mechanism by
which orally administered interferons exert their WBC
suppressive effects. We show that the mechanism by
which orally administered interferons exert their WBC
suppressive effect appears to be different from that of
intraperitoneally administered interferon.

Materials and Methods

Mice. Pathogen-free, 6- to 8-week-old female
C57BL/6 mice were obtained from Jackson Laboratory
(Bar Harbor, ME). The mice were maintained in cages
with autoclaved bedding. The cages were bathed in
sterile air from horizontal laminar flow animal stations
(Germfree Laboratories, Inc., Miami, FL). They were
given autoclaved food and water ad libitum. Mice were
monitored for exposure to mouse pathogens and were
confirmed to remain pathogen-free during the course
of the experiments by specific antibody testing for
mouse hepatitis virus, minute virus of mice, Sendai
virus, pneumonia virus of mice, GD-7, and Myco-
plasma pulmonis.

Interferons. Recombinant DNA-derived rHulFN-
aA/D (107# units/mg protein) was kindly provided by
Drs. Michael Brunda and Peter Sorter (Hoffmann-
LaRoche, Nutley, NJ). Natural MulFN-3 (10%3 units/
mg protein) was purchased from Lee Biomolecular
Research Laboratories (San Diego, CA). Recombinant
DNA-derived rMulFN-v (107° units/mg protein) was
kindly provided by Dr. Paul Trotta (Schering Corp.,
Bloomfield, NJ). Interferon titers were determined in a
microtiter plaque reduction assay (15) and compared
with the appropriate NIH Reference Standards. Inter-
feron titers are expressed as International Reference
Units/ml. Interferons for oral administration were pre-
pared in a 0.1% gelatin in water solution (gelatin/
water). Interferons for intraperitoneal administration
were prepared in a 3-mg/ml bovine serum albumin in
phosphate-buffered saline solution (BSA/PBS).

Antibodies to Interferons. Polyclonal antibody to
MulFN-3 (30,000 units/ml) was purchased from Lee
Biomolecular Research Laboratories. Monoclonal an-
tibody to MulFN-y (40,000 units/ml) was prepared
from ascitic fluid harvested from BALB/c nude mice
inoculated intraperitoneally with R4-6A2 cells (16;
ATCC HB170). The monoclonal antibody to MulFN-
v was partially purified by passage through a protein G
column (ImmunoPure (G) IgG purification kit; Pierce,
Rockford, IL) according to the instructions of the man-
ufacturer. The antibody titers were determined in neu-

tralization tests that were performed as defined by the
World Health Organization. In this method, 1 unit of
antibody is the amount of antibody required to reduce
10 units of interferon to 1 unit. In all but one experi-
ment, antibodies to interferons were administered as a
0.1-ml intraperitoneal injection. In one experiment,
antibodies to MulFN-v were administered as a tail vein
injection. One day after the mice were bled for final
peripheral WBC counts, the mice were exsanguinated.
Their blood was allowed to clot and the serum antibody
titer was determined. The peripheral WBC counts of
mice that exhibited less than 30 units of antibody/ml
were excluded from the experiments. Only five of 92
antibody-treated mice were excluded from the experi-
ments. The antibody titers in the mice included in the
experiments were >90 units/ml of antibody to MulFN-
8 and >60 units/ml of antibody to MulFN-~.

Mouse Bleeding. Anesthetized mice (Ketalar, 2.5
mg/mouse; Parke-Davis, Morris Plains, NJ) were bled
from the retro-orbital venous plexus. For routine bleed-
ing experiments, 100 ul of blood were collected in a
disposable Micro-pipette (Fisher Scientific Co., Pitts-
burgh, PA) that had been dipped in EDTA (2%; Sigma
Chemical Co., St. Louis, MO) and dried. The blood
was delivered to a round-bottom polypropylene tube
(Falcon, 12 X 75 mm; Becton-Dickinson and Co.,
Lincoln Park, NJ) containing 5 ul of EDTA and thor-
oughly mixed. Next, the blood was diluted 1/30 in
phosphate-buffered saline ([PBS] 300 ul final volume).
Red blood cells were lysed by adding one drop of ZAP-
OGLOBIN (Coulter Diagnostics, Hialeah, FL). Total
WBC counts were made in a hemocytometer. Each
count was based on the average counts of two counting
chambers. Statistical analyses of the data were done
using Student’s ¢ test. Prebleeding the day before initi-
ation of the experiment permitted the recognition and
elimination from the experiments of mice that had high
and low white blood cell counts, thus giving a more
narrow standard deviation.

For transfer experiments, groups of mice were
treated orally with gelatin/water or with 5000 units/
day of interferon in gelatin/water. One third of the
donor mice were bled after 1 day of interferon treat-
ment, another third after 2 days of interferon treatment,
and the last third after 3 days of interferon treatment.
On the day of bleeding, approximately 500 ul of blood
were collected from each donor mouse, using capillary
tubes that had been dipped in EDTA as described
above. The blood from each mouse was collected in a
microcentrifuge tube and centrifuged in a microcentri-
fuge for 3 min. In the first experiment, the plasma from
each of the five mice in a group was carefully drawn
off with a Pipetman pipette (P200; Rainin, Emeryville,
CA), pooled (approximately 1.25 ml), and brought to a
volume of 2.5 ml with PBS. The packed cells were
resuspended in PBS, pooled, brought to 2.5 ml, and
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counted in a hemocytometer. Groups of seven recipient
mice were injected intraperitoneally with 0.3 ml/mouse
of either the plasma preparation (equivalent to approx-
imately 0.15 ml of undiluted plasma/mouse) or the cell
preparation (approximately 1 x 10° cells/mouse). In
the second experiment, the plasma and packed cells
from each of the six mice in a group were collected and
dispensed in a parallel manner. Recipient mice received
treatment on three successive days, corresponding to
the three days of bleeding of the donor mice.

Protocol for Oral Administration of Interferons.
Mice to be used for antibody experiments that meas-
ured peripheral WBC counts were bled 1 day before
initiation of the treatment. The next day, half of the
mice were inoculated intraperitoneally with antibody
to interferon (1000 units/mouse in 0.1 ml of BSA/PBS)
and half of the mice received an equal volume of BSA/
PBS. On the day after the administration of antibody,
the mice were divided into groups that received oral
interferon, intraperitoneal interferon, or both oral gel-
atin/water and intraperitoneal BSA/PBS. In these ex-
periments, mice received oral interferon treatment in
their drinking water (together with 0.1% gelatin, which
was added as a stabilizer). This interferon preparation
was supplied ad [libitum, with approximately 3.5 ml
consumed per mouse per day. For example, mice
treated with 5000 units/day of orally administered
rMulFN-v drank approximately 3.5 ml of a rMulFN-
v/gelatin/water solution that was prepared to contain
1500 units/ml of rMulFN-~. Control mice received
0.1% gelatin in their water supply. Interferon/gelatin/
water solutions were prepared before the initiation of
each experiment and were stored frozen at —70°C
(rHulFN-aA/D and MulFN-3) or —20°C (rMulFN-v)
until needed. Storage at ~70°C or —20°C had no effect
on interferon titer. Freshly thawed interferon/gelatin
solutions were supplied each day for the mice. After 3
days of interferon treatment, the mice were bled, WBC
counts were determined, and the WBC counts were
expressed for each individual mouse as the percentage
of the prebleed WBC count. A day after the bleeding
for WBC counts, the mice were again bled without
using EDTA. The blood was allowed to clot and the
cells were spun out of the serum using a microcentrifuge
(Fisher Scientific). The serum was titered for antibody
as described above.

Mice used for determinations of interferon in their
blood were divided into groups that received oral inter-
feron or intraperitoneal interferon. In these experi-
ments, mice that received oral interferon treatment
were first trained during a 1-week training period to
drink all of their daily water during a 1-hr period of
time each day, according to the method of Segall and
Crnic (17). Mice trained according to this method drink
an average of 2.5 ml of water during the 1-hr period of
time. Mice were given the oral interferon treatment in
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their drinking water together with 0.1% gelatin. At
various times after the administration of the interferons,
groups of mice were bled without the use of EDTA.
The blood was allowed to clot and the cells were spun
out of the serum using a microcentrifuge. The serum
was titered for interferon activity as described above.

Results

Lack of Detection of Interferon in the Blood after
Oral Administration of rHulFN-aA/D. The relative abil-
ities of intraperitoneally and orally administered inter-
ferons to become distributed in the blood were moni-
tored. Mice were divided into two groups and treated
either intraperitoneally or orally with 3 X 10° units of
rHulFN-«A/D. For mice treated intraperitoneally, the
mice were inoculated with rHulFN-aA/D in a volume
of 0.2 ml. For mice treated orally, the mice were trained
to consume all of their water in a 1-hr period. The
interferon was delivered with the water and was con-
sumed during the 1-hr period. The mice drank an
average of 2.5 ml of interferon (1.2 X 10° units/ml).
The mice were then bled at various times after the
administration of the interferons and the serum was
titered for the presence of interferon.

The averaged results of three experiments are
shown in Figure 1A. It can be seen that, after intraper-
itoneal administration of rHulFN-aA/D, approxi-
mately 5300 units/ml of interferon were detected in the
blood within 30 min of injection. The interferon level
in the blood declined thereafter. These results were
similar to those observed by other investigators (18). In
contrast to the results observed with intraperitoneal
administration of rHulFN-«A/D, interferon was not
detected in the blood (<10 units/ml) after oral rHuIFN-
aA/D administration,

Lack of Detection of Interferon in the Blood after
Oral Administration of rMulFN-y. Mice were divided
into two groups and treated either intraperitoneally or
orally with 5 x 10* units of rMulFN-+, as described in
the section above for rHulFN-«A/D. Mice treated or-
ally drank 2.5 ml of interferon (2 X 10* units/ml). The
averaged results of two experiments are shown in Figure
1B. It can be seen that, after intraperitoneal administra-
tion of rMulFN-vy, approximately 1600 units/ml of
interferon were detected in the blood within 30 min.
The level of interferon in the blood peaked at approxi-
mately 3200 units/ml at 60 min after injection and
declined thereafter. These results were similar to those
observed by other investigators (19). In contrast to the
results observed with intraperitoneal administration of
rMulFN-v, interferon was not detected in the blood
(<5 units/ml) after oral rMulFN-y administration. The
results with intraperitoneally and orally administered
rMulFN-v were essentially the same as those observed
with rHulFN-aA/D.
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Figure 1. Serum levels of rHulFN-«A/D and rMulFN-v after oral and
intraperitoneal administration. Mice treated orally with rHUlFN-aA/D
or rMulFN-y consumed the interferon in a 1-hr period. Mice treated
intraperitoneally received the rHulFN-aA/D or the rMulFN-y in a 0.2-
ml injection. The mice were bled from the retro-orbital plexus at the
indicated times after interferon treatment. The sera were collected
and assayed for interferon activity. The serum interferon levels were
plotted versus the time after interferon treatment. (A) Mice were
treated either orally or intraperitoneally with 3 x 10° units of rHUIFN-
«A/D. Each data point represents the mean + SE of interferon titers
from three experiments. (B) Mice were treated either orally or intra-
peritoneally with 5 X 10* units of rMulFN-v. Each data point repre-
sents the mean =+ SE of interferon titers from two experiments.

Effect of Circulating Antibody to MulFN-3 on the
Peripheral WBC Suppressive Effects of Intraperito-
neally and Orally Administered MulFN-3. The relative
abilities of intraperitoneally and orally administered
interferons to establish a suppression of the peripheral
WBC count despite the presence in the blood of anti-
body to the interferon was monitored. The studies were
performed initially with MulFN-g rather than rHulFN-
aA/D because of the greater availability of antibody to
MulFN-8 and because previous studies have shown
that orally administered MulFN-38 and rHulFN-«A/D
give comparable levels of suppression of the peripheral
WBC count (14). Mice were divided into two groups
that were given a single intraperitoneal inoculation with
either 1000 units of antibody to MuIlFN-8 or PBS. The
two groups were then subdivided into three subgroups
each. The six subgroups were treated for 3 days with
intraperitoneally administered MulFN-3 (5000 units/
day), orally administered MulFN-8 (5000 units/day),
or both intraperitoneally with BSA/PBS and orally with

gelatin/water (interferon carrier). The mice were then
bled and their peripheral WBC counts were determined.
The averaged results of two experiments are presented
in Figure 2. As indicated in the Materials and Methods,
only mice with >90 units/ml of circulating antibody to
MulFN-3 were included in the results. It can be seen
that the presence of circulating antibody to MulFN-3
did not affect the peripheral WBC counts of mice
treated with interferon carrier (102% of the Day 0 count
for mice treated with interferon carrier; 100% of the
Day 0 count for mice treated with antibody to MulFN-
B and interferon carrier). Mice treated with PBS and
intraperitoneal MulFN-3 developed a significant
suppression of the peripheral WBC count (80% of the
Day 0 count; P < 0.0001). Mice treated with antibody
to MulFN-3 and intraperitoneal MulFN-3 did not de-
velop a significant suppression of the peripheral WBC
count (103% of the Day O count). Mice treated with
PBS and oral MulFN-g developed a significant suppres-
sion of the peripheral WBC count (86% of the Day 0
count; P = 0.0006). In contrast to the results with
intraperitoneally administered MulFN-8, mice treated
with antibody to MulFN-38 and oral MulFN-3 devel-
oped a significant suppression of the peripheral WBC
count (85% of the Day 0 count; P = 0.0005). This level
of suppression was equivalent to the amount of suppres-
sion seen with PBS and oral MulFN-3. Thus, the pres-
ence of circulating antibody to MulFN-8 blocked the
peripheral WBC suppressive effect of intraperitoneally
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Figure 2. Effect of circulating antibody to MulFN-8 on MulFN-3-
induced peripheral WBC suppression after oral and intraperitoneal
administration. Mice were inoculated with 1000 units of antibody to
MulFN-g8 or with PBS. Beginning 1 day later and continuing for 3
days, the mice were treated orally or intraperitoneally with 5000 units/
day of MulFN-3. Mice treated orally with MulFN-3 consumed the
interferon in a 24-hr period. Mice treated intraperitoneally received
the MulFN-8 in a 0.2-ml injection. WBC counts were made 1 day
before antibody administration (Day 0O) and after 3 days of MulFN-3
treatment (Day 4). The data were calculated as percentage of Day 0
values. The percentage of Day 0 WBC count was plotted versus the
treatment given. Each bar represents the mean + SE from two
experiments.
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administered, but not of orally administered, MulFN-
g.

Effect of Circulating Antibody to MulFN-v on the
Peripheral WBC Suppressive Effects of Intraperito-
neally and Orally Administered rMulFN-v. Mice were
divided into two groups that were inoculated either
intraperitoneally in one experiment or intravenously in
a second experiment with a single injection of either
1000 units of antibody to MulFN-y or PBS, as de-
scribed above. The two groups were then subdivided
and treated for 3 days with intraperitoneally adminis-
tered rMulFN-y (500 units/day), orally administered
rMulFN-vy (5000 units/day), or both intraperitoneally
with BSA/PBS and orally with gelatin/water (interferon
carrier). It can be noted that different concentrations
have been used for intraperitoneally and orally treated
mice, since it has been reported previously that intra-
peritoneally administered rMulFN-y was more potent
than orally administered rMulFN-y (14). Thus, to
achieve equal levels of suppression, mice were treated
with 500 units/day of intraperitoneally administered
rMulFN-y or with 5000 units/day of orally adminis-
tered rMulFN-vy. The mice were bled and their periph-
eral WBC counts were determined. No differences were
noticed in the data obtained with intraperitoneal versus
intravenous injection of antibody to MulFN-vy. The
averaged results of the two experiments are presented
in Figure 3. As indicated in Materials and Methods,
only mice with >60 units/ml of circulating antibody to
MulFN-y were included in the results. It can be seen
that the presence of circulating antibody to MulFN-y
did not affect the peripheral WBC counts of mice
treated with interferon carrier (110% of the Day 0 count
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for mice treated with interferon carrier; 102% of the
Day 0 count for mice treated with antibody to MulFN-
v and interferon carrier). Mice treated with PBS and
intraperitoneal rMulFN-y developed a significant
suppression of the peripheral WBC count (78% of the
Day 0 count; P < 0.0001). Mice treated with antibody
to MulFN-y and intraperitoneal rMulFN-y did not
develop a significant suppression of the peripheral WBC
count (100% of the Day 0 count). Mice treated with
PBS and oral rMulFN-y developed a significant
suppression of the peripheral WBC count (78% of the
Day 0 count; P < 0.0001). In contrast to the results
with intraperitoneally administered rMulFN-v, mice
treated with antibody to MulFN-y and oral rMulFN-y
developed a significant suppression of the peripheral
WBC count (82% of the Day 0 count; P < 0.0001).
Thus, the presence of circulating antibody to MulFN-
v blocked the peripheral WBC suppressive effect of
intraperitoneally administered, but not of orally admin-
istered, rMulFN-vy. Furthermore, the results of these
antibody studies with rMulFN-y paralleled those ob-
served with MulFN-8.

Transfer of the Peripheral WBC Suppressive
Effects of Orally Administered Interferons by Periph-
eral Blood Cells. Since orally administered interferons
could not be detected in the blood and since their WBC
suppressive effects could not be blocked by circulating
antibody, other mechanisms by which orally adminis-
tered interferons exerted their systemic effects were
evaluated. To address this point, the blood of donor
mice that were mock treated or treated orally with
interferons (5000 units/day of rHuUIFN-aA/D or 5000
units/day of rMulFN-v) was evaluated for its ability to
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Figure 3. Effect of circulating antibody to MulFN-v on rMulFN-y-induced peripheral WBC suppression after oral and intraperitoneal adminis-
tration. Mice were inoculated with 1000 units of antibody to MulFN-y or with PBS. Beginning 1 day later and continuing for 3 days, the mice
were treated orally or intraperitoneally with rMulFN-y. Mice treated orally with 5000 units/day of rMulFN-y consumed the interferon in a 24-hr
period. Mice treated intraperitoneally received 500 units of rMulFN-v in a 0.2-ml injection. WBC counts were made 1 day before antibody
administration (Day 0) and after 3 days of MulFN-v treatment (Day 4). The data were calculated as percentage of Day 0 values. The percentage
of Day 0 WBC count was plotted versus the treatment given. Each bar represents the mean + SE from two experiments.
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transfer the peripheral WBC suppressive effects. As
described in Materials and Methods, mice were orally
treated with interferon for 1 day, 2 days, and 3 days.
The blood of the mice in these three groups was har-
vested on three successive days and divided by centrif-
ugation into plasma and packed cells. Groups of recip-
ient mice were treated for 3 successive days either with
the plasma from the donor mice (equivalent to approx-
imately 0.15 ml of undiluted plasma) or with the resus-
pended packed cells from the donor mice. It should be
noted that each mouse received approximately 1 x 10°
WBCs/day for 3 days. The recipient mice were then
bled and their peripheral WBC counts determined.
Table I presents the summarized data from two exper-
iments. It can be seen that administration of plasma or
cells from interferon carrier-treated donor mice had no
suppressive effect on the peripheral WBC count of
recipient mice, Also, administration of plasma from
oral THulFN-«aA/D- or rMulFN-v-treated donor mice
had no suppressive effect on the peripheral WBC count
of recipient mice. However, administration of cells
from oral rHulFN-aA/D- or rMulFN-v-treated donor
mice significantly suppressed the peripheral WBC count
of recipient mice. The results indicate that the WBC
suppressive effects of both orally administered rHulFN-
aA/D and orally administered rMulFN-y are trans-
ferred from donor to recipient mice with the cell com-
ponent of the blood.

Effect of Orally Administered rHulFN-oA/D on
the Various WBC Subpopulations. In view of the
transfer of the WBC suppressive effects with the cell
component of the blood, it was important to determine
whether a particular subpopulation of WBC was most
affected by interferon treatment. To address this ques-
tion, mice were treated orally with rHulFN-aA/D
(5,000 units/day), intraperitoneally with rHulFN-aA/

Table I. Transfer of Peripheral WBC Suppressive
Effect of rHUlFN-aA/D or rMulFN-y
Administered Orally

Percentage of day O

Treatment control WBC
(mean x SE)
Donor mice treated with BSA in
water
Plasma from donor mice 104 £ 3.5
Packed cells from donor mice 104 + 3.1

Donor mice treated with
rHulFN-aA/D (5000 units/
day)

Plasma from donor mice
Packed cells from donor mice

Donor mice treated with

rMulFN-v (5000 units/day)
Plasma from donor mice 103
Packed cells from donor mice 79

101 + 2.8 (NS)

82 + 2.0 (P < 0.0001)
3.8 (NS)
3.6 (P < 0.0001)

D (5,000 units/day), or both orally with gelatin/water
and intraperitoneally with BSA/PBS (interferon carrier)
for 3 days. These interferon treatments caused signifi-
cant suppression of the peripheral WBC count (79.7
3.1% of Day 0 counts for intraperitoneally administered
rHulFN-«A/D and 88.2 = 2.5% of Day 0 counts for
orally administered rHulFN-«A/D compared with
102.3 £ 4.3% of Day 0 counts for interferon carrier
treatment [mean + SE]). Differential counts were per-
formed to enumerate the relative percentage of lym-
phocytes, neutrophils (polymorphonuclear leukocytes),
and monocytes. Table II presents the results of a rep-
resentative experiment. In agreement with previous
observations (20), it can be seen that intraperitoneal
administration of rHulFN-«A/D did not cause a sig-
nificant change in the relative percentage of each WBC
subpopulation present in the blood. It can also be seen
that oral administration of rHuIFN-aA /D did not cause
a significant change in the relative percentage of each
WBC subpopulation present in the blood. Thus, no
specific subpopulation of WBC was suppressed to a
greater extent than another.

Discussion

Suppression of the peripheral WBC count has been
recognized to be a side effect of interferon therapy in
clinical trials (2) and in animal models (21, 22). These
studies focused on the effects of subcutaneous or intra-
venously administered interferons. Recently, it was re-
ported that orally administered interferons could also
exert a suppressive effect on peripheral WBC counts in
mice (14). Studies to determine the mechanism by
which orally administered interferons exert their WBC
suppressive effects in mice were initiated.

At least three mechanisms by which orally admin-
istered interferons exert their WBC suppressive effect
in mice can be postulated. One mechanism could in-
volve the direct absorption of interferon into the blood
at the mucosal surfaces of the mouth or throat. This
possibility was evaluated in two sets of experiments. In
one set of experiments, interferon levels in the blood of
mice were monitored after intraperitoneal and oral
administration of rHulFN-aA/D and rMulFN-v. Lev-
els of rHuIFN-«A/D observed in the blood at 30 min
and 60 min after intraperitoneal injection were 1.8%
and 1.5% of the injected amount. These values correlate
well with published values of 1.5% for rHulFN-«A/D
injected subcutaneously (18). The level of rMulFN-y
observed in the blood at 60 min after intraperitoneal
injection was 6.4%. This value compares very well with
published values of 1.5% for rMulFN-v injected sub-
cutaneously (19). Thus, the ability to detect interferons
in the blood after intraperitoneal injection was com-
parable to that reported in the literature. However, it
was not possible to detect either rHulFN-aA/D or
rMulFN-v in the serum after their oral administration,
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Table Ii. Differential Counts in Mice Treated after Intraperitoneal and Oral Treatment with rHulFN-« A/D

White blood cell subpopulation (mean + SE)

Treatment
Lymphocytes Neutrophils Monocytes
Control 90.3+1.3 78+13 1.1+£05
IP rHuUlFN-a A/D (5000 units/day) 89.6 + 1.9 (NS) 8.3+ 1.7 (NS) 1.7 £ 0.5 (NS)
Oral rHulFN-« A/D (5000 units/day) 87.3 £+ 1.5(NS) 11.7 £ 1.6 (NS) 0.2+ 0.1(NS)

The observations that neither rHulFN-aA/D nor
rMulFN-vy could be detected in the blood after their
oral administration argue against this possible mecha-
nism. Although unlikely, it was still possible that, after
oral administration, undetectable levels of interferon
were still circulating in the blood that were sufficiently
potent to exert a peripheral WBC suppressive effect.

To address this possibility, another set of ex-
periments were performed. Mice were pretreated with
antibody to MulFN-3 or MulFN-vy before the oral
or intraperitoneal administration of MulFN-3 or
rMulFN-~, respectively. Pretreatment with antibody to
the interferons was observed to prevent the peripheral
WBC suppressive effects of intraperitoneally adminis-
tered interferons. Pretreatment with antibody to the
interferons did not prevent the peripheral WBC sup-
pressive effects of orally administered interferons. Thus,
antibody to interferons blocked the peripheral WBC
suppressive effects of intraperitoneally administered in-
terferons that could be detected in significant levels in
the blood. However, antibody did not block the periph-
eral WBC suppressive effects of orally administered
interferons that could not be detected in the blood.
These observations made it highly unlikely that, after
oral administration, undetectable levels of interferon
were still circulating in the blood and were able to exert
a peripheral WBC suppressive effect. Taken together,
the results of these two sets of experiments argue
strongly against the direct absorption of interferon into
the blood at the mucosal surfaces of the mouth or
throat as a possible mechanism by which orally admin-
istered interferons could exert their peripheral WBC
suppressive effects.

A second mechanism could involve the interferon-
mediated activation of leukocytes in oropharyngeal mu-
cosa or lymphoid tissue to produce lymphokines or
cytokines that would then act to suppress the peripheral
WBC count. To address this possibility, donor mice
were orally treated with THulFN-aA/D or rMulFN-y
and their plasma was harvested and administered to
recipient mice. The administration of plasma from
donor mice was found to have no peripheral WBC
suppressive effect in recipient mice. Thus, it was un-
likely that oral administration of interferons caused the
production of lymphokines or cytokines which then
acted through the blood to exert a peripheral WBC
suppressive effect.
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A third mechanism could involve the interferon-
mediated activation of leukocytes in oropharyngeal mu-
cosa or lymphoid tissue which would then pass through
the blood to act directly to suppress the peripheral WBC
count via a transfer mechanism, as suggested by Blalock
and co-workers (23-26). To address this possibility,
donor mice were orally treated with rHulFN-aA/D or
rMulFN-~ and their packed blood cells were harvested
and administered to recipient mice. The administration
of blood cells from donor mice caused a significant
peripheral WBC suppressive effect in recipient mice.
Thus, it is most probable that oral administration of
these interferons causes an interferon-mediated activa-
tion of leukocytes which then pass through the blood
to exert a peripheral WBC suppressive effect.

The transfer effect is very potent. Peripheral WBC
suppression was observed when each recipient mouse
received approximately 10° donor mouse white blood
cells. This represents only about 7% of the total periph-
eral WBC in a donor mouse. An examination of pos-
sible changes in the relative percentages of WBC sub-
populations in the blood after oral interferon treatment
might have given an indication of the specific subset of
blood cell involved in mediating the transfer effect.
However, oral interferon treatment did not show a
preferential suppression of a particular WBC subpop-
ulation. Thus, the identity of the specific subset of cells
responsible for transferring the peripheral WBC sup-
pressive activity is unknown at this time and is the
subject of continuing study.

Whatever the subset of cells, the observation that
peripheral WBC suppression induced by orally admin-
istered interferons could be transferred with blood cells
from donor mice provides definitive evidence that the
peripheral WBC suppression induced by orally admin-
istered interferons is a systemic effect. This observation
also raises the possibility that orally administered inter-
ferons may exert other systemic effects. Efforts are
underway to determine whether other systemic effects
of orally administered interferons, such as antitumor
activity, can be demonstrated.

It is clear that intraperitoneally and orally admin-
istered interferons exert their WBC suppressive effects
through different mechanisms: one mediated by free
interferon in the blood and the other mediated by
“activated” leukocytes. The question remains whether
orally administered interferons suppress the peripheral



WBC count by destroying circulating WBC, by increas-
ing the trafficking of WBC out of the circulation, or by
suppressing the WBC-producing function of the bone
marrow. Unpublished evidence suggests that the ulti-
mate effect of orally administered interferons is the
same as that of intraperitoneally administered interfer-
ons. Interferons administered by both routes of admin-
istration appear to achieve their WBC suppressive ef-
fects through a suppression of the bone marrow (Koren
and Fleischmann, unpublished observations).
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