
The Effects of Prednisone and Azathioprine on Circulating
Immunoglobulin Levels and Lymphocyte Subpopulations

in Normal Dogs

Nancy E. Rinkardt, Stephen A. Kruth, and Azad Kaushik

ABSTRACT

This study investigates serum
immunoglobulin (SIg) levels and
lymphocyte subpopulations in nor-
mal dogs in response to putative
immunosuppressive doses of pred-
nisone and/or azathioprine. The
objectives were to quantify SIg lev-
els and lymphocyte subpopulations,
including Thy-1+, CD4+, CD8+
and B cells, in normal dogs both
before and after the administration
of prednisone and/or azathioprine
at 2 mg/kg, PO, each. Eighteen bea-
gles were divided into 3 groups of
6 dogs each. Blood samples for
radial immunodiffusion assay of
IgG, IgM and IgA, complete blood
count (CBC)and flow cytometry
were collected prior to the adminis-
tration of any drugs and again after
14 d of azathioprine, prednisone or
azathioprine and prednisone.
Peripheral blood mononuclear cells
were isolated using density centrifu-
gation and were incubated with
monoclonal antibodies reacting
with CD4+, CD8+, Thy-1+ and
membrane immunoglobulin. Lym-
phocyte subsets were quantified
using flow cytometry. Azathioprine-
treated dogs had no significant
changes in SIg levels or lymphocyte
subpopulations. Prednisone-treated
dogs had significant (P < 0.05)
decreases in all SIg levels, all lym-
phocyte subpopulations and ery-
throcyte numbers, and had an
increase in neutrophil counts. Pred-
nisone and azathioprine-treated
dogs had significant (P < 0.05)
decreases in serum IgG levels and
Thy-1+ and CD8+ lymphocyte sub-
populations, with an increase in the

CD4:CD8. These dogs also had a
significant decrease in erythrocyte
number and a significant increase
in the monocyte count. These find-
ings suggest that azathioprine and
prednisone in combination or pred-
nisone alone may be useful for the
treatment of T cell-mediated dis-
eases since decreased circulating
T cell levels were demonstrated fol-
lowing treatment. The combination
of drugs or azathioprine alone may
not be appropriate for treatment of
acute or autoantibody-mediated
immune disease, because SIg
levels were minimally affected by
treatment.

RESUME

Afin d'evaluer le role immuno-
suppresseur de la prednisone et de
l'azathioprine, les niveaux d'immu-
noglobulines seriques (SIg) et les
quantittes de sous-populations lym-
phocytaires, incluant les cellules
Thy-l+, CD4+, CD8+ et les lym-
phocytes B, ont ete mesures avant et
apres administration de prednisone
et/ou azathioprine a un dosage de
2 mg/kg donne oralement a des
chiens en sante. A partir des
prelevements sanguins effectues
avant administration des medica-
ments et apres 14 j de traitement,
les niveaux de IgG, IgM, et IgA ont
ete mesures par immunodiffusion
radiale, une formule sanguine com-
plete a ete determinee et une ana-
lyse par cytometrie de flux a ete
effectuee. Les mononucleaires du
sang peripherique, isoles par cen-
trifugation sur gradient de densite,
ont 'ete caracterises 'a l'aide d'anti-

corps monoclonaux reagissant avec
Thy-1+, CD4+, CD8+ et les immu-
noglobulines membranaires. Les
sous-populations lymphocytaires
ont ete quantifiees par cytometrie
de flux. Aucun changement dans
les niveaux de SIg et des sous-
populations lymphocytaires n'a ete
observe chez les chiens traites 'a
l'azathioprine. Chez les chiens
traites a la prednisone, des diminu-
tions significatives (P < 0,05) du
niveau de toutes les SIg, de toutes
les sous-populations lymphocytaires
et du nombre d'erythrocytes, ainsi
qu'une augmentation du nombre de
neutrophiles ont ete observees.
Chez les chiens recevant de la
prednisone et de l'azathioprine, des
diminutions significatives (P < 0,05)
des niveaux seriques d'IgG et des
sous-populations lymphocytaires de
type Thy-1+ et CD8+ ont ete
notees, avec une augmentation du
ratio de cellules CD4:CD8. Chez ces
chiens on pouvait noter egalement
une diminution significative du
nombre d'erythrocytes et une aug-
mentation significative du nombre
de monocytes. Les resultats obtenus
suggerent que la combinaison aza-
thioprine et prednisone ou la
prednisone seule peuvent etre utiles
pour traiter des maladies causees
par les lymphocytes T du fait de la
diminution des lymphocytes T cir-
culants suite a ces traitements.
Etant donne' l'effet mitige sur les
niveaux de SIg, la combinaison de
medicaments ou l'azathioprine
seule ne seraient pas appropriees
pour le traitement de maladies
aigues ou auto-immunes.

(Traduitpar le docteur Serge Messier)
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INTRODUCTION

Immune-mediated anemia, throm-
bocytopenia, arthritis and skin disor-
ders are relatively common in dogs.
The immune-mediated cytopenias are
often associated with a high mortality
rate. These conditions are described
as primary or secondary in origin. Pri-
mary immune-mediated disease
implies the development of autoim-
munity through the loss of self-
tolerance. Several theories have
attempted to explain the mechanisms
causing the development of systemic
autoimmune disorders (1). Secondary
immune-mediated disease is usually
caused by an underlying condition
such as neoplasia or infection, or is
associated with the administration of
a drug or vaccine (2).
The treatment of immune-mediated

diseases in dogs is based upon the
treatment of similar conditions in
humans, and involves the use of
immunosuppressive chemotherapy.
The goals of therapy are to identify an
underlying cause or causative agent
(if secondary disease is present), to
suppress the immune response, to
control secondary inflammation, and
to minimize the side effects of drug
therapy (3). Immunosuppressive drugs
downregulate the aberrant immune
response, and in so doing, also sup-
press the normal protective mecha-
nisms of the host. Patients undergoing
immunosuppressive chemotherapy are
susceptible to infection and sepsis.
Nonetheless, several treatment proto-
cols have been recommended in the
veterinary literature, including the use
of glucocorticoids and azathioprine
(4-9). Although veterinarians con-
sider this combination to be relatively
safe, little is known about its efficacy.
Glucocorticoids are the most

widely used drugs to induce immuno-
suppression in dogs, and are often
used in combination with other
immunosuppressive agents. The bene-
ficial effects of glucocorticoids are
numerous and include suppression of
both the cell-mediated and humoral
immune responses, as well as anti-
inflammatory activity (3). Dosages of
prednisone commonly recommended
in the veterinary literature are 2 to
4 mg/kg daily. This dosage is contin-
ued until clinical remission is
obtained, and is then gradually tapered
over several months (5,7,8,10,11).

The side effects associated with the
use of glucocorticoids at immunosup-
pressive doses in dogs are numerous
and include polyuria, polydipsia,
polyphagia, weight gain, weakness,
thin skin, alopecia, hyperpigmenta-
tion, hypertension, steroid hepatopathy
and suppression of the hypothalamic-
pituitary-adrenal axis (3).
Azathioprine is a thiopurine

antimetabolite commonly used in the
treatment of immune-mediated dis-
eases in dogs, and it is usually used in
combination with glucocorticoids.
Although the immunosuppressive
action of azathioprine is not well
studied in dogs, its effects may be due
to suppression of the T cell response,
with little effect on the B cell
response (12). The dose commonly
recommended in the veterinary litera-
ture is 2 mg/kg daily, which is con-
tinued until clinical remission is
obtained, and then is gradually
tapered over weeks to months (6-9).
Side effects of azathioprine in dogs
include bone marrow suppression,
pancreatitis, gastrointestinal irritation,
infections and hepatotoxicity (4,13-15).
The immunosuppressive actions of

azathioprine and glucocorticoids in
normal dogs are not well described,
and there is essentially no information
on the activity of these drugs in dogs
with immune-mediated diseases.

This study was designed to describe
specific changes in selected cell and
serum immunoglobulin levels in the
normal canine in response to clini-
cally relevant dosages of prednisone
and azathioprine. The objectives were
to quantify serum IgG, IgM and IgA
levels and lymphocyte subpopulations
(B cells, total T cells and CD4+ and
CD8+ T cell subsets) both before and
after the administration of prednisone
and/or azathioprine, each at a dosage
of 2 mg/kg daily for 14 d.

MATERIALS AND METHODS

Eighteen beagles were divided into
3 groups of 6 dogs each. The dogs
were between 12 and 18 mo old and
were either intact males or females.
They were conditioned and acclima-
tized to the facilities for at least 1 wk
prior to the study. The dogs were
determined to be healthy on the basis
of a physical examination, complete
blood count (CBC), serum biochemi-

cal profile and urinalysis. Antigen
tests for heartworm and fecal flotation
analysis for gastrointestinal parasites
were both negative. The dogs were
vaccinated against canine distemper,
adenovirus type 2, parainfluenza, par-
vovirus, Bordetella bronchiseptica,
and rabies; none of the dogs had been
vaccinated within the previous 6 mo.
The dogs were housed at the Ani-

mal Care Services facility at the Uni-
versity of Guelph during the study.
All procedures met the guidelines set
by the Canadian Council on Animal
Care (Guide to the Care and Use of
Experimental Animals, Volumes 1
and 2). Procedures were performed in
accordance with the Animals for
Research Act (Ontario, 1980) and
were approved by the Animal Care
Committee, University of Guelph.
Blood samples for radial immuno-

diffusion (RID) assay of IgG, IgM
and IgA and flow cytometry were col-
lected from the jugular vein prior to
administration of the drugs under
study. Serum for RID was assayed by
standard procedures (Mancini
method) established in the Clinical
Immunology Laboratory at the
Ontario Veterinary College, Univer-
sity of Guelph. Purified canine
immunoglobulin protein (VMRD,
Pullman, WA, USA) was used as a
standard antigen, in addition to one
control. At the same time, blood for
mononuclear cell separation was col-
lected into heparinized tubes (Mono-
ject, St. Louis, MO, USA). Peripheral
blood mononuclear cells (PBMC)
were isolated by centrifugation at
300 g (at room temperature) for
30 min over Ficoll-Paque, specific
gravity 1.077 ± 0.001 g/mL (Pharma-
cia Biotech, Baie d'Urfe, Quebec).
The mononuclear cell layer was iso-
lated and washed once with cold
phosphate-buffered saline (PBS).

Following a second wash, the cells
were centrifuged at 300 X g and the
supernatant was discarded. The cells
were resuspended in a medium com-
posed of 95% fetal bovine serum and
5% cell culture grade dimethyl sul-
foxide (Sigma, St. Louis, MO, USA)
at 3 to 5 x 106 cells per mL (personal
communication, Kaushik A). Aliquots
of cells for all 3 treatment groups
(pre-treatment and post-treatment)
were frozen slowly and stored at
-70°C until used for flow cytometry.
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TABLE I. Pre- and posttreatment serum immunoglobulin level

Azathioprinea Prednisonea Azathioprine & Prednisonea
g/L Pre Post Pre Post Pre Post
IgGb 13.16 ± 3.9 11.81 ± 3.5 15.93 ± 3.6 9.98 ± 4.91c 16.43 ± 8.2 10.36 ± 3.8c
IgMb 1.78 ± 0.26 1.68 ± 0.46 1.93 ± 0.84 1.19 ± 0.73c 1.51 ± 0.49 1.52 ± 0.49
IgAb 0.63 ± 0.31 0.47 ± 0.12 0.41 ± 0.08 0.36 ± 0.1c 0.54 ± 0.20 0.30 ± 0.13
a See text for dosages
bEstablished laboratory reference values (g/L), Clinical Immunology Laboratory, Ontario
Veterinary College, IgG = 15.0 ± 5.0, IgM = 1.5 ± 0.5, IgA = 1.0 ± 0.6
cP < 0.05
For all groups n = 6
All data expressed as Mean ± SD

TABLE II. Pre- and posttreatment complete blood counts

Azathioprinea Prednisonea Prednisone & Azathioprine
Pre Post Pre Post Pre Post

Leukocytes 9.36 ± 2.4 9.18 ± 1.2 11 ± 1.5 14.6 ± 4.8 9.6 ± 1.4 11.8 ± 2.4
(6.1-17.4)
Neutrophils 6.63 ± 2.3 5.94 ± 1.1 7.3 ± 0.86 12.8 ± 5.2b 7.2 ± 1.3 10.0 ± 2.7
(3.9-12.0)
Lymphocytes 2.08 ± 0.36 1.94 ± 0.41 2.63 ± 0.66 1.1 ± 0.78b 1.86 ± 0.62 0.98 ± 0.8b
(0.8-5.6)
Monocytes 0.36 ± 0.21 0.53 ± 0.25 0.77 ± 0.61 0.75 ± 0.48 0.32 ± 0.16 0.67 ± 0.20b
(0.1-1.8)
Eosinophils 0.34 ± 0.14 0.77 ± 0.40 0.20 ± 0.19 0.03 ± 0.06 0.23 ± 0.18 0.105 ± 0.13
(0.0-1.9)
Platelets 269 ± 52 281 ± 41 274 ± 48 327 ± 72 301 ± 47 369 ± 48
(145-440)
Erythrocytesc 6.93 ± 0.62 6.97 ± 0.26 7.03 ± 0.86 6.14 ± 0.50b 6.8 ± 0.56 5.97 ± 0.4b
(5.6-8.5)
Established reference intervals, Clinical Pathology, Ontario Veterinary College
a See text for dosages
bP< 0.05
c (x 10'2/L)
For all groups n = 6
All data expressed as Mean ± SD

For assay, the cryovials were
quickly, partially thawed at 37°C. The
cells were transferred to 5 mL PBS
and centrifuged at 300 X g at 4°C for
12 min, then resuspended in 0.5 mL
PBS with 0.1% sodium azide (Sigma).
The cells were counted using a hemo-
cytometer and evaluated for viability
using trypan blue. Cell viability after
cryopreservation was approximately
80%.

FLOW CYTOMETRY

For lymphocyte identification, 1 X
106 cells/well were incubated on ice
for 30 min with one of the following
primary monoclonal antibodies: rat
anti-canine CD8, rat anti-canine CD4,
or rat anti-canine Thy- I (Serotec Ltd.,
Oxford, England). The antibodies
were diluted in PBS with 0.1%
sodium azide to 1:20, 1:10 and 1:20,
respectively. Cells for B cell assay
were initially incubated with sheep
serum to prevent nonspecific binding
of monoclonal antibody and subse-
quently stained with 1:20 dilution of

fluorescein isothiocyanate (FITC)-
labeled sheep anti-canine IgG (heavy
and light) (Serotec Ltd)(16). Cells
incubated with sheep anti-rat IgG
(1:50) in place of primary antibody
served as a control. After staining
with specific monoclonal antibodies,
the cells were incubated on ice for
30 min with a 1:50 dilution of FITC-
labeled sheep anti-rat IgG (Serotec
Ltd). Following incubation, the cells
were washed twice with PBS and ana-
lyzed immediately.
The cell preparations were analyzed

on a Becton-Dickinson FacsScan
(Becton-Dickinson, Mississauga,
Ontario). Lymphocytes were gated
and analyzed based on forward and
side-scatter of light; 1 X 104 cells were
analyzed for each sample. Analysis
was performed using the Lysis II pro-
gram, Version 1 (Becton-Dickinson).

After the initial samples were
obtained, the dogs were medicated as
follows: Group 1 received azathio-
prine (Imuran, Burroughs Wellcome
Inc., Kirkland, Quebec) orally at a

dosage of 2 mg/kg daily for 14 d,
Group 2 received prednisone (Apotex
Inc., Toronto, Ontario) orally at a
dosage of 2 mg/kg for 14 d, and
Group 3 received both prednisone and
azathioprine orally at 2 mg/kg, each
for 14 d. Twenty-four hours after the
last dose of medication, blood was
collected for RID assay, flow cytome-
try and complete blood count, as pre-
viously described. The dogs were
observed for one additional week to
monitor for any adverse effects of
drug therapy.
A paired t-test was used to compare

levels of serum immunoglobulins
(IgG, IgM, IgA) and lymphocyte sub-
sets for Groups 1, 2 and 3 before and
after the administration of azathio-
prine and/or prednisone. Statistical
significance was defined as P < 0.05.
An analysis of variance was per-
formed to evaluate differences
between Groups 1, 2 and 3 with
respect to levels of serum immuno-
globulins and lymphocyte subsets.
Because pre-treatment cryopreserved
cells for Group 1 were lost due to a
freezer malfunction, the pre-treatment
data for Groups 2 and 3 were pooled
and compared to post-treatment data
for Group 1 only. An F-test (2 sample
for variances) was used to determine
that Groups 2 and 3 pre-treatment val-
ues were similar. Since Groups 2 and
3 pre-treatment values were similar,
they were then pooled and used as a
pre-treatment value for Group 1. A
t-test (2 sample assuming equal or
unequal variances) was then done to
determine significant differences
between the pooled samples and
Group 1 post-treatment values (17).

RESULTS

Serum immunoglobulin (SIg) levels
(IgG, IgM, IgA) for Groups 1, 2 and 3
were within the established laboratory
reference ranges prior to prednisone
or azathioprine administration
(Table I). There were no significant
changes in SIg levels in Group 1 (aza-
thioprine) after drug administration.
All mean SIg levels in Group 2 (pred-
nisone) were significantly decreased
after drug administration. In Group 3
(prednisone and azathioprine), only
mean serum IgG levels were signifi-
cantly decreased after drug therapy.
Mean serum immunoglobulin
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concentrations for IgG were compara-
ble in Groups 2 and 3 after treatment;
the difference was not statistically
significant.

All CBC values for leukocytes, ery-
throcytes, platelets and the white
blood cell differential counts were
within reference ranges prior to treat-
ment with prednisone and/or azathio-
prine (Table II). There were no signif-
icant changes in Group 1 CBC values
after azathioprine administration and
the values remained within reference
ranges. In Group 2 there was a signifi-
cant increase in the neutrophil count
(P = 0.04) and a significant decrease
in the erythrocyte (P = 0.0009) and
lymphocyte (P = 0.02) counts. In
Group 3 there was a significant
decrease in both erythrocytes (P =
0.0006) and lymphocytes (P = 0.04)
with an increase in the monocyte (P =
0.02) count. Although the changes
were significant, the mean values
remained within the reference range.

Percentages of Thy- 1 + lympho-
cytes ranged from 80.9 ± 5.8% to
83.8 ± 3.97% prior to drug therapy
(Table III). Percentages of B cells
ranged from 9.0 ± 6.53% to 9.81 +
3.85% prior to drug therapy. Percent-
ages of CD4+ and CD8+ lymphocyte
subsets ranged from 43.35 ± 11.0% to
49.4 + 7.48% and 17.7 ± 4.07% to
19.75 ± 7.2%, respectively, prior to
drug administration. These values
were considered to be within refer-
ence ranges. For statistical analysis,
absolute lymphocyte numbers were
calculated. There were no significant
changes in any lymphocyte subsets
(Thy-l+, CD4+, CD8+, B cells) in
Group 1 after azathioprine adminis-
tration. All lymphocyte subsets
(Thy-I+, CD4+, CD8+, B cells) in
Group 2 were significantly decreased
after prednisone administration. In
Group 3, only Thy-l+ and CD8+
subsets were significantly decreased
after prednisone and azathioprine
administration. Thy-I + and CD8+
lymphocyte subsets were comparable
in Groups 2 and 3; the difference was
not statistically significant.
The ratio of CD4 to CD8

(CD4:CD8) cells was consistent with
published values in all Groups prior to
drug administration (Table IV). The
CD4:CD8 decreased in Group 1 fol-
lowing drug administration, remained
unchanged in Group 2, and was
increased in Group 3, although none

TABLE III. Pretreatment percentages of peripheral blood lymphocytes

Percent lymphocyte subsets in different treatment groups
Azathioprineac Prednisonea Prednisone & Azathioprinea

THY-lb 82.35 t 4.97 80.9 ± 5.8 83.8 ± 3.97
CD4b 46.35 + 9.5 43.35 ± 11.0 49.4 + 7.48
CD8b 18.72 ± 5.7 19.75 ± 7.2 17.7 ± 4.07
B CELLSb 9.40 + 5.13 9.81 + 3.85 9.0 + 6.53
a See text for dosages
bPreviously published reference values (18-20): Thy-l = 73%, CD4+ = 37.8 - 46.4%, CD8+ =
16.4 - 20%, B cells = 7 - 30%

c n = 12 (pooled samples from Groups 2 and 3, pre-treatment)
All other groups n = 6

TABLE IV. Pre- and posttreatment lymphocyte subsets and CD4:CD8

Absolute peripheral blood lymphocyte numbers
Azathioprinea Prednisonea Prednisone & Azathioprinea

Preb Post Pre Post Pre Post
Thy-I 1.85 ± 0 .60 1.63 t 0.36 2.12 + 0.52 0.72 + 0.52c 1.57 + 0.59 0.77 + 0.7c
CD4 1.05 + 0.45 0.67 + 0.27 1.15 + 0.48 0.42 + 0.3c 0.95 ± 0.43 0.62 + 0.59
CD8 0.41 + 0.17 0.46 + 0.16 0.51 + 0.20 0.14+ 0.09c 0.31 ± 0.06 0.09 + 0.08c
B CELLS 0.21 + 0.12 0.11 ± 0.07 0.26 ± 0.13 0.05 ± 0.06c 0.15 ± 0.09 0.06 ± 0.08
CD4:CD8 2.84 ± 1.33 1.58 ± 0.77 2.68 ± 1.62 2.72 ± 1.08 2.99 ± 1.10 8.23 ± 5.07
a See text for dosages
b n = 12 (pooled samples from Groups 2 and 3, pre-treatment)
All other groups n = 6
All data expressed as Mean ± SD
c P < 0.05

of the changes were statistically sig- described in both animals and
nificant. No adverse clinical effects humans, (23-25) and may be occur-
were observed in any of the dogs dur- ring in the dogs of this study as well.
ing or after drug administration. In humans, the serum half-life of

IgG, IgA and IgM are 23 d, 6 d and
5 d, respectively (1). To the best of

DISCUSSION our knowledge, half-lives of serum
immunoglobulins have not been

In the azathioprine-treated dogs, reported for adult dogs. However,
serum immunoglobulin levels reported serum immunoglobulin half-
remained unchanged from pre-treat- lives appear to be similar between
ment values. This may be due to a domestic species (26). If we assume
lack of effect of azathioprine with similar half-lives for immunoglobu-
respect to antibody production or may lins in normal dogs, it is possible that
be due to a decrease in synthesis con- the duration of the present study was
comitant with a decrease in immuno- not long enough to demonstrate a sig-
globulin catabolism. Our findings are nificant decrease in serum immuno-
similar to those reported for dogs (12) globulin levels. Persistence of serum
and to those reported for humans immunoglobulins may make azathio-
(21,22). The B cell blastogenic prine ineffective for the treatment of
response was not evaluated in the pre- acute autoimmune diseases where
sent study, although previous in vitro autoantibodies are predominantly
studies in humans indicate that involved in immunopathogenesis.
B-cells exposed to azathioprine have Prior to azathioprine administra-
a suppressed blastogenic response to tion, lymphocyte subpopulations
mitogens (21). These findings suggest (B cells, CD4+ and CD8+) were sim-
that, although B cell activity is sup- ilar to previously published ranges
pressed in vitro, serum immunoglobu- and did not change significantly after
lin levels in vivo do not decrease. The drug administration. Pre-treatment
lack of decrease in serum immuno- percentages of Thy-1+ lymphocytes
globulin levels (despite a decrease in were slightly higher than previously
B cell activity) is assumed to be due reported values and remained
to a decrease in production followed unchanged after azathioprine adminis-
by a decrease in catabolism, thus, tration. In this study, the increased
serum immunoglobulin levels remain percentages of Thy-1+ lymphocytes
constant. This mechanism has been may be due to differences in age,
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breed and sex of dogs previously
reported (19,27,28). Thy- 1+ mono-
clonal antibodies have been reported
to bind monocytes, as well as T cells
(29). Different techniques in gating of
lymphocytes during flow cytometry
are utilized, and may or may not
exclude monocytes in the population
of cells counted. Therefore, mono-
cytes binding Thy-1 may be included
in the population of cells counted in
some situations (30,31). In this study,
however, lymphocyte gates were set
to include only lymphocytes, thus, it
is possible that the percentages of
Thy-1+ lymphocytes are normal for
these dogs, since reference ranges for
lymphocyte subpopulations of normal
adult dogs have not been published.
The lack of change in Thy- 1+ lym-

phocyte levels after azathioprine
administration was expected since
CD4+, CD8+ and monocyte numbers
did not change after drug administra-
tion. These findings indicate that aza-
thioprine did not decrease circulating
levels of Thy- 1+, CD4+, CD8 + lym-
phocytes or B cells. It is not known
whether or not lymphocyte function
was affected by azathioprine in the
present study (despite "normal" num-
bers of lymphocyte subpopulations),
since lymphocyte blastogenesis was
not performed. It is possible that the
duration of the present study was not
long enough to fully evaluate the lym-
phocyte subpopulations in response to
azathioprine. However, for a drug to
be clinically useful in the treatment of
severe immune-mediated disease, one
would hope to see a therapeutic
response within a 14-day period (the
duration of the present study). It is
also possible that the dose of azathio-
prine used in this study, which is cur-
rently recommended for treatment of
immune-mediated diseases in dogs, is
inadequate to fully evaluate the
response of lymphocyte subpopulations.
The CD4:CD8 ratio was slightly

decreased after azathioprine adminis-
tration, suggesting some degree of
immunosuppression. This decrease
was due to a slight decrease in the
CD4+ population and a slight
increase in the CD8+ population,
although it was not statistically signif-
icant. The mean percentage of lym-
phocyte subpopulations remained
within previously reported ranges,
therefore, this change was not consid-
ered to be clinically significant.

If azathioprine is not adequately
absorbed following oral administra-
tion, a lack of response (unchanged
serum immunoglobulin levels and
lymphocyte subpopulations) could be
observed. However, azathioprine is
well-absorbed from the gastrointesti-
nal tract in humans and absorption
following oral administration is also
suggested to be efficient in dogs
(32,33). In the present study, serum
levels of azathioprine were not mea-
sured, so its absorption is unknown.

Azathioprine may be useful in the
treatment of immune-mediated dis-
eases in which autoantibodies are pro-
duced, since it has been shown in
humans to decrease antibody produc-
tion (22). Similar immunoglobulin
turn-over studies have not been done
in dogs receiving azathioprine, there-
fore, it is not known whether a
decrease in antibody production
occurs in this species. Decreased pro-
duction of antibodies alone may not
be adequate for the initial treatment of
some acute immune-mediated dis-
eases. The use of serum plasmaphere-
sis in addition to azathioprine may be
indicated when a rapid decrease in
antibody levels is required (34). Since
the effect of azathioprine on the func-
tion of the T cell population was not
elucidated in the present study, rec-
ommendations for the use of azathio-
prine for treatment of T cell-mediated
diseases cannot be made. However,
given the present data, it is difficult to
recommend azathioprine at 2 mg/kg
daily in normal dogs, when an
immunosuppressive effect is needed
quickly.

In prednisone-treated dogs, all
serum immunoglobulin levels (IgG,
IgM, and IgA) were significantly
decreased, although they remained
within established reference ranges.
As previously discussed, the half-life
of serum immunoglobulins in
humans, and presumably in dogs, is
such that the duration of this study
may not have been long enough to
demonstrate a decrease below refer-
ence values. The observed decrease in
immunoglobulin levels is similar to
that reported in humans receiving
immunosuppressive doses of gluco-
corticoids (35-37). The mechanism of
decreased antibody production is
unknown, although it has been shown
that glucocorticoids decrease IL-2
production and thus decrease T cell

function (38). T-helper cells are nec-
essary to stimulate mature B cells to
produce antibody.
The total lymphocyte counts and all

lymphocyte subpopulations assessed
by flow cytometry were also signifi-
cantly decreased in this group of
dogs. The decrease in circulating lev-
els of lymphocytes was most likely
due to redistribution of lymphocytes
to the bone marrow and lymphoid tis-
sues, as discussed previously. The
CD4+ and CD8+ lymphocytes
decreased proportionately, as indi-
cated by the unchanged CD4:CD8.
The decrease in circulating B cells
may be important in the decreased
production of antibody, as previously
discussed.
The decrease in erythrocyte count

seen after prednisone administration
was unexpected. Glucocorticoids
stimulate red blood cell (RBC) pro-
duction in the bone marrow, causing a
mild increase in RBC numbers (39).
The decreased erythrocyte count may
have been due to decreased RBC pro-
duction or increased RBC loss
through gastrointestinal blood loss or
RBC destruction, although there was
no evidence of either. It is also possi-
ble that the erythrocyte count was
slightly increased at the time of the
initial sampling (due to splenic con-
traction), causing a mild increase in
RBC numbers. It is unlikely that the
decreased erythrocyte numbers were
caused by plasma volume expansion,
because the weight of the dogs
remained unchanged during the study.
The decrease in erythrocyte numbers
was not severe enough (the numbers
were still within the reference range)
to warrant bone-marrow evaluation,
so further assessment was not done.
The increase in neutrophils was

likely due to demargination in blood
vessels and decreased egress of neu-
trophils out of the circulation (due to
inhibition of neutrophil adhesion to
endothelial cells) (39). Other compo-
nents of a "stress leukogram" were
present in the prednisone-treated
dogs, including a decrease in eosino-
phils and lymphocytes, although the
values were still within the reference
range.

In humans, glucocorticoids are
useful for the treatment of immune-
mediated disease when autoantibodies
are produced (36). Although the
decrease in serum immunoglobulin
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levels was statistically significant in
this study, the clinical significance of
this decrease is unknown. It is possi-
ble however, that prednisone may be
useful to decrease autoantibody pro-
duction in dogs. Because prednisone
causes lymphopenia (likely through
sequestration of T and B cells),
the drug may also be effective in
treating diseases mediated by a T cell
population.
Serum IgG levels were significantly

decreased in dogs given prednisone
and azathioprine in combination,
although they were still within estab-
lished reference limits. The magni-
tude of the decrease in IgG was not
greater in the dogs given prednisone
and azathioprine versus the dogs
given only prednisone, indicating that
azathioprine did not further decrease
the IgG levels. In addition, because
serum immunoglobulin levels were
unchanged following azathioprine
administration alone, it is possible
that azathioprine may have a sparing
effect on immunoglobulin catabolism.
A change in the lymphocyte cytokine
profile may also be responsible for
causing a decrease in serum IgG lev-
els. Cytokines, including IL-2 through
IL-5, and interferon gamma stimulate
antibody secretion from plasma cells
(1). Perhaps the combination of aza-
thioprine and prednisone induced a
change in the cytokines secreted such
that only the IgG isotype was
affected.
The decrease of Thy-1+ lympho-

cytes in dogs given prednisone and
azathioprine in combination is likely
due to a decrease in CD8+ lympho-
cytes. As expected, the absolute lym-
phocyte count was decreased and the
CD4:CD8 was increased. The
decrease in Thy-1+ lymphocytes and
CD8+ lymphocytes may be due to a
glucocorticoid-induced redistribution
of the cells, although it is unknown
why CD4+ lymphocytes and B cells
were not affected in a similar manner.
It is possible that the addition of aza-
thioprine may have prevented the
sequestration of CD4+ and B lym-
phocytes normally caused by pred-
nisone, or that the combination of
prednisone and azathioprine caused
preferential destruction of CD8+
cells. Recently, it has been shown that
prednisone induces apoptosis of
human peripheral T cells (CD8+ >
CD4+) in vitro. These effects are

time- and dose-dependent and were
not counteracted by IL-2 administra-
tion (40). Perhaps the 2 mg/kg dose of
prednisone used in the dog is not ade-
quate to induce this response unless
azathioprine is co-administered.
The use of Ficoll-Hypaque for the

separation of lymphocytes from
whole blood may lead to the selective
loss of CD8+ cells, causing an
increase in the CD4:CD8 (31,41,42).
It is unlikely that this occurred in
Group 3 dogs only, since cells from
all dogs were processed the same
way. In Group 2, although there was
a decrease in CD8 + cells, the
CD4:CD8 remained unchanged, and
the decrease in CD4+ cells was pro-
portional to the decrease in CD8+
cells, indicating that there was not a
selective loss of CD8+ lymphocytes.

Overall, these findings suggest that
prednisone alone may be an effective
immunosuppressive drug in normal
dogs, affecting both T and B cell-
mediated processes. At the current
dosage and time frame studied, aza-
thioprine may not be an effective
immunosuppressive drug in normal
dogs. A synergistic effect between
prednisone and azathioprine was not
demonstrated. Other drugs with
immunosuppressive activity, such as
cyclophosphamide and cyclosporine,
warrant investigation.
Lymphocyte blastogenesis is a use-

ful test to evaluate lymphocyte func-
tion in response to mitogens (43).
Although changes in lymphocyte sub-
population numbers are useful for
determining which subpopulations are
affected, it is also important to estab-
lish the function of those lymphocytes
in response to prednisone and/or aza-
thioprine. For example, although
there were no significant changes in
lymphocyte subpopulation numbers in
the azathioprine-treated group, the
lymphocytes may demonstrate a sup-
pressed or increased blastogenic
response. A suppressed response
would indicate some degree of
immunosuppression, and perhaps
some benefit in using azathioprine for
treatment of immune-mediated
diseases.
The mechanisms causing auto-

immunity are not fully understood. It
is possible that a dog with autoreac-
tive T or B cells may not respond to
prednisone and azathioprine in the
same manner as the clinically normal

dogs evaluated in this study. There-
fore, it may be important to evaluate
the responses to these drugs in dogs
with immune-mediated hemolytic
anemia or thrombocytopenia.
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