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Abstract. The immunoactive steroid dexamethasone (DXM) was administered to rats 
injected with a dose of phenylhydrazine (PHZ) known to induce anemia. PHZ treatment 
alone resulted in a hemolytic anemia that was most pronounced on Days 1-7 after 
injection. This anemia was accompanied by a leukocytosis that was greatest on Days 
2-7 following PHZ treatment. Lymphocytes accounted for >75% of this incremental 
increase. In contrast, rats treated with PHZ as well as with DXM displayed erythrocyte 
counts and hematocrits within the normal range. Although the reticulocyte counts of 
these rats were higher than those of controls, they were significantly lower than those 
of animals receiving PHZ alone. In addition, DXM suppressed the leukocytosis and 
splenomegaly resulting from PHZ administration and inhibited the rise in plasma IgG 
titers induced by PHZ exposure. DXM also altered the ratio of peripheral blood T and B 
lymphocytes of PHZ-treated rats. DXM suppression of PHZ-induced anemia is further 
confirmation that this anemia is associated with immune activation. 
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henylhydrazine (PHZ) is an antipyretic drug that 
induces hemolytic anemia in laboratory animals P (1-3) and in humans (4). Recent studies in our 

laboratory have provided evidence that the anemia 
induced in the rat by PHZ is associated with the acti- 
vation of the immune system (3 ,  5). This is character- 
ized by a rapid rise in serum immunoglobulin titers, a 
marked increase in the B lymphocyte population of the 
peripheral blood and spleen, and an altered ratio of T 
helper to T suppressor cells. The enhanced serum IgG 
levels, prominent peripheral lymphocytosis, and the 
shifts in the lymphocyte subpopulations correlated well 
with the onset and degree of anemia induced by PHZ. 
In addition, histologic studies revealed the presence of 
blastogenic lymphoid cells in the lymph nodes and 
spleens of PHZ-treated rats (6). PHZ also induced the 
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blastogenesis of isolated peripheral blood mononuclear 
cells (PBMC) of both untreated and PHZ-treated ani- 
mals in vitro and potentiated the mitogenic effects of 
phytohemagglutinin and pokeweed mitogen on PBMC 
(5). Earlier light microscopic studies revealed an en- 
hanced lymphopoiesis in the lymphoid tissues and bone 
marrows of PHZ-treated rats, and the appearance of 
atypical and blastic lymphoid cells in the peripheral 
circulation was verified by electron microscopic studies. 
In a related study, we reported that chronic PHZ ad- 
ministration caused an elevation in prostacyclin and 
prostaglandin EZ levels and promoted a transient 
thrombocytopenia (7). These events have been associ- 
ated with immune activation and the generation of 
drug-induced hemolytic anemia by immune mecha- 
nisms (3, 8, 9). 

The work reported here was undertaken to study 
the effects of the synthetic glucocorticosteroid (GCS) 
dexamethasone (DXM) on the hemolytic anemia in- 
duced in the rat by PHZ. The effect of GCS in modu- 
lating immune responses is well documented ( 10- 14). 
To confirm that the anemia induced by PHZ in the rat 
is associated with immune activation, we administered 
multiple injections of DXM to rats receiving PHZ at a 
dose known to induce anemia. To this end, DXM was 
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given to rats prior to the injection of PHZ, since it has 
been shown that GCS administered to animals shortly 
before immunization can suppress the anticipated cell- 
ular (1 5) and humoral immune responses induced by 
antigenic challenge (15, 16). In contrast, when GCS is 
administered after antigenic stimulation, the inhibitory 
(suppressive) effects upon serum Ig levels are much less 
pronounced ( 15). Lymphocytic subpopulations were 
evaluated phenotypically using flow cytometry, stand- 
ard peripheral blood differential counts were per- 
formed, and serum IgG levels were measured by radial 
immunodiffusion ( 17) in animals treated with PHZ 
and/or DXM. The effects of DXM on the anemia by 
PHZ were assessed by comparing changes in hemato- 
crits (Hct) and red blood cell (RBC) counts of animals 
administered DXM or saline prior to the PHZ admin- 
istration. 

Materials and Methods 
PHZ and DXM Administration. Male Long-Evans 

rats weighing 225-250 g were used in all procedures. 
Three groups of experimental animals were employed. 
(i) Rats were injected subcutaneously with 0.3 ml of 
0.9% sterile saline for 2 consecutive days and on the 
third day (designated Day 0) animals were injected 
subcutaneously with 0.3 ml of a 0.9% saline solution 
of PHZ (Sigma Chemical Co., St. Louis, MO) at a 
concentration of 4 mg/100 g body wt, followed 2 hr 
later by a third injection of 0.3 ml of saline. (ii) Rats 
were injected subcutaneously with 0.3 ml of a 0.9% 
saline solution of DXM sodium phosphate (Merck, 
Sharp, and Dhome. West Point, PA) at a concentration 
of 0.6 mg/100 g body wt for 2 consecutive days and on 
the third day (Day 0) injected subcutaneously with 0.3 
ml of a 0.9% saline solution of PHZ at a concentration 
of 4 mg/100 g body wt, followed 2 hr later by a third 
injection of the same dose of DXM. (iii) Rats were 
injected subcutaneously with 0.3 ml of a 0.9% saline 
solution of DXM at a concentration of 0.6 mg/l00 g 
body wt for 2 consecutive days and on the third day 
(Day 0) injected subcutaneously with 0.3 ml of 0.9% 
saline, followed 2 hr later by a third injection of the 
same concentration of DXM. A total of 35-40 rats were 
used in each experimental group. 

These methods are schematized in Figures 1-4. 
Untreated rats were employed as controls: preliminary 
studies did not reveal significant differences in any 
parameters between saline-injected and untreated con- 
trols. 

Counting Procedures. Differential counts were 
made of Wright's stain slides of tail vein blood samples 
and absolute leukocyte (WBC) and RBC counts were 
made using a Coulter Electronic cell counter (Coulter 
Electronics, Hialeah, FL). Hct were measured using the 
micromethod and reticulocyte counts were performed 
on blood smears stained with new methylene blue. Tail 

vein blood samples were collected immediately before 
each injection of PHZ, DXM, or saline. 

Blood Volume, Plasma Volume, and Circulating 
Red Cell Volume Determinations. Rats from each of 
the three experimental groups were sacrificed for blood 
volume (BV), plasma volume (PV), and circulating red 
cell volume (CRCV) determinations 1 day prior to 
PHZ-injection in Groups 1 and 2 and 1 day prior to 
saline injection in Group 3. Measurements also were 
made on Day 0 and on the fourth, tenth, fifteenth, and 
twentieth days following PHZ (or saline) injection. 
Three to five rats were used for each time interval 
studied. These determinations were based on the in vivo 
dilution of a known activity of "Cr-labeled RBC that 
were labeled by incubating 5 ml of heparinized blood 
collected from normal nontreated rats with 20 pCi of 
51Cr (200-316 mCi/mg) for 20 min at 37°C. The cells 
were washed twice with sterile 0.9% saline, the plasma 
and white blood cell layers were removed, and the 
plasma-saline supernatant fluid was counted for radio- 
activity to ensure that any excess 5'Cr remaining unat- 
tached to the RBC was removed. The labeled RBC were 
resuspended with saline to 90-100% of the original 
volume, and 0.2 ml of the suspended cells with activity 
of 40-80 x lo3 cpm was injected into the femoral vein. 
The cells were allowed to circulate for 20 to 25 min, 
after which 0.2 ml of tail vein blood was withdrawn 
and radioactivity of the cells was counted in a well-type 
gamma scintillation counter (Beckman Instruments, 
Fullerton, CA). BV, CRCV, and PV were calculated as 
follows: 

cpm injected 
cpm sample B V =  x volume of sample 

- injection volume [Eq. 13 

CRCV = BV X Hct [Eq. 21 
PV = difference between [ 11 and [2] [Eq. 31 

Analysis of Mononuclear Cells by Flow Cytom- 
etry. PBMC were isolated by Ficoll-Hypaque (Histo- 
paque 1077; Sigma) density gradient centrifugation of 
anticoagulated blood collected from rats by aortic ex- 
sanguination. Blood was collected from Group 1 rats 
on the sixth and tenth days following PHZ injection 
and from Group 2 rats on the first and second days of 
DXM treatment preceding PHZ injection and on the 
first, sixth, seventh, and twentieth days following PHZ 
injection. These time intervals for analysis of PBMC 
were chosen on the basis of WBC as well as RBC 
alterations observed in the peripheral blood of animals 
treated with PHZ and/or DXM (Fig. 1). Days 6 and 10 
following PHZ injection of Group 1 rats were selected 
for flow cytometry evaluation, since the RBC counts of 
these rats were maximally depressed between the fourth 
and seventh days after PHZ injection. In addition, a 
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rebound in RBC counts and Hct was observed on the 
tenth day after injection (Fig. 1). Flow cytometry was 
performed for Group 2 animals (DXM-PHZ treated) 
on the first anld second days of DXM treatment preced- 
ing PHZ administration to ascertain the effects of DXM 
on the ratio ol'T to B lymphocytes to establish baseline 
values, and on the first, sixth, and seventh days follow- 
ing PHZ injection, since alterations in WBC, RBC, and 
Hct were at or near maximal at these times. By Day 20 
after PHZ treatment, these values had returned to near 
normal levels. Rlood was also collected from untreated 
(control) rats. Following separation, the PBMC were 
washed once with 0.87% ammonium chloride to lyse 
any contaminating RBC and washed again with phos- 
phate-buffered saline (PBS), and the cells were resus- 
pended in PBS. The morphology and purity of the 
PBMC population was verified from Wright's stain 
cytosmears of the preparations. The PBMC were re- 
acted with equal 100-pl volumes of the following mouse 
monoclonal antibodies at a 1/100 dilution: MRC OX- 
33, which recognizes the leukocyte common antigen 
on rat B cells ( 18); MRC W3/25 (CD4), which binds to 
T4 lymphocytes and some macrophages (19); MRC 
OX-8 (CD8), reacting with Tg lymphocytes and natural 
killer cells (20); MRC OX-54 (CD2), which recognizes 
epitopes common to all rat T lymphocytes and thy- 
mocytes (21) (Serotec Inc., Cambridge, UK); or mouse 
IgG,, (Coulter Immunology). After washing twice with 
5% bovine serum albumin in PBS, the cells were resus- 
pended and incubated for 30 min with a 1/ 100 dilution 
of sheep antimouse IgGl conjugated to fluorescein iso- 
thiocyanate. Samples were washed twice in 5% bovine 
serum albumin-PBS and fixed with 250 pl of 4% neutral 
buffered formalin. After centrifugation for 3 min at 
500g, the supernatant was removed and cells were 
resuspended in 1 ml of PBS without Ca2+ or Mg2+. All 
analyses were ]performed using an EPICS C flow cytom- 
eter (Coulter Ekctronics) tuned to a fluorescence wave- 
length of 488 iim. Forward light scatter versus 90" light 
scatter histograms were used to establish windows for 
lymphoid cell populations. The percentages of cells 
displaying fluorescence 298% of the controls (PBMC 
treated with mouse IgG1-fluorescein isothiocyanate 
alone or mouse IgGl followed by the secondary flu- 
orescexnated antibody) were determined. Log fluores- 
cence was gated to exclude cells with light scatter char- 
acteristics difkrent than lymphocytes. The ratio of T 
to B lymphocytes was calculated from the percentages 
of cells positive for MRC OX-54 or MRC W3/25 and 
MRC OX-8 versus MRC OX-33, as described previ- 
ously (3 ,  5). 

Immunoglobulin Quantification. Serum IgG levels 
in aortic blood collected from rats in the three experi- 
mental groups were measured at periodic intervals us- 
ing the Mancini radial immunodiffusion method (1 7). 
Pre-prepared plates containing sheep antirat IgG (AAR 

02K, 02s) and sheep antirat IgM (AAR 08K, 08s) were 
obtained from Serotec, along with the appropriate 
standards. Standards (5 pl) (at loo%, 60%, and 20% 
concentrations) or test plasma from untreated, PHZ- 
treated, or DXM- and PHZ-treated rats was allowed to 
proceed at room temperature until the ring surrounding 
the most concentrated standard was 9 mm in diameter 
(-40-50 hr). Results were then read from a standard 
curve plotted as the square of the diameter of the 
precipitation ring versus dilution. 

Spleen Weights. Rats from the three experimental 
groups were sacrificed at periodic intervals and the 
spleens were excised and weighed. Weights are ex- 
pressed as g/100 g body wt. 

Statistical Analysis. Levels of significance in this 
study were determined by using Student's t test. P- 
values of 50.05 were considered to be significant. 

Results 
An increase in the leukocyte count was observed 

by as early as 1 day after the initial injection of PHZ 
into rats that were not pretreated with DXM (Group 
1). The count continued to increase, reaching a maxi- 
mum level of 135 X lo3 cellslpl on the fourth day 
following the injection, with lymphocytes accounting 
for approximately 75% of the total enhancement (Fig. 
1). By the sixth to seventh postinjection days, a decline 
in leukocyte numbers was observed, and counts re- 
turned to the normal range of 8-10 X lo3 cells/pl by 
14 days after injection. An increase in the leukocyte 
count in PHZ-treated rats receiving DXM (Group 2) 
was also observed at 1 day after the injection of PHZ, 
but this increment was significantly lower (P 5 0.01) 
than that observed for PHZ-treated rats that did not 
receive DXM. For these rats (Group 2 ) ,  the leukocyte 
count was above the normal range by the second day 
after the injection of PHZ and reached a maximal level 
of 60 x lo3 cells/pl on the seventh postinjection day. 
By 14 days following PHZ injection, the count for this 
group also returned to the normal range. The maximal 
leukocyte count reached in the PHZ-treated rats receiv- 
ing DXM was less than half that observed in the PHZ- 
treated rats that were administered saline alone (Fig. 
1). Lymphocytes accounted for about 55% of the total 
increment; most of the other cells were polymorpho- 
nuclear neutrophils. The lymphocyte counts of Group 
2 rats declined markedly and the polymorphonuclear 
neutrophil counts increased for the first 2 days after 
DXM treatment and continued for 24 hr following the 
subsequent PHZ injection; by the first day following 
PHZ injection, the polymorphonuclear neutrophils ac- 
counted for about 80% of the total leukocyte count. 
Lymphocyte counts did not return to the normal range 
until 12 days after PHZ injection and, at that point, 
represented about 80% of the total count. The leukocyte 
counts of rats in Group 2 were highly variable, with 
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Figure 1. The effect of PHZ, DXM, or PHZ and DXM on white and red blood cell counts and hematocrits. The pretreatment level (control) for 
each group is the value shown at Time 0 prior to the initial injection of test agent. During the pretreatment, rats were given two injections of 
either saline or DXM. X-axis arrows correspond to the treatment schedule. Vertical bars through the means indicate rf: 1 SE. 

some animals showing an almost complete suppression 
of the PHZ-induced leukocytosis (10-12% of the 
treated rats). 

The leukocyte counts of rats injected with DXM 
alone (i.e,, no PHZ treatment) (Group 3) remained 
within the normal range of 8-20 X lo3 cells/gl through- 
out the 20-day test period. Lymphopenia and neutro- 
philia were evident in Group 3 rats for up to 14 days 
following the injection of saline (as a substitute for 
PHZ), at which time a normal level of -80% lympho- 
cytes was observed. In animals receiving PHZ alone, 
Hct and RBC counts declined to their lowest levels 
during the first to fourth days and second to seventh 
days after the injection of PHZ, respectively. The Hct 
was approximately 80% of the pretreatment values, 
whereas RBC counts were 6 8 4 0 %  of those of the 

untreated control animals. Hct and RBC counts re- 
turned to normal levels by 10- 12 days after PHZ injec- 
tion. PHZ-treated rats that received DXM (Group 2) 
did not display this dramatic decrease in either Hct or 
RBC count. In this regard, the lowest RBC count noted 
was -90% of the pretreatment value on the eighth day 
following PHZ injection, whereas Hct values showed 
no significant diminutions. Hct and RBC counts of rats 
in both Group 1 and Group 2 returned to pretreatment 
levels by 12- 14 days following PHZ injection. Hct and 
RBC counts were higher than the pretreatment values 
by 14 days after PHZ injection. Rats in Group 3, which 
were given DXM but not PHZ, displayed elevated Hct 
values and RBC counts after the first of the three daily 
administered DXM injections. These values, with mi- 
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nor variation, remained elevated for the 20-day period 
that the animals were assessed (Fig. 1). 

The reticulocyte counts of PHZ-treated rats be- 
came elevated regardless of whether or not they had 
prior DXM treatment (Fig. 2) (Groups 1 and 2); retic- 
ulocyte counts of PHZ-treated rats not receiving DXM 
(Group 1) reached maximal levels of -40% by 6-7 days 
after PHZ injection. This was significantly higher ( P  I 
0.0 I) than the reticulocyte counts of rats injected with 
PHZ after prior treatment with DXM (Group 2). The 
reticulocyte counts in rats treated with PHZ after re- 
ceiving DXM reached maximal levels of 10- I7 % at 4- 
10 days after PHZ injection. Rats receiving only DXM 
(Group 3) showed no meaningful changes in reticulo- 
cyte counts. PHZ did not alter the growth rate of Long- 
Evans rats or induce any weight loss as compared with 
untreated control animals (Group I).  DXM, however, 
induced weight loss in all animals, including those 
treated with PHZ. Rats that were administered DXM 
alone (Group 3) displayed weight loss by the first day 
after the initial DXM injection. These losses were most 
pronounced ixt 1 day after the last of the three DXM 
injections, (averaging about 12% of the pretreatment 
weight. Rats in Groups 2 and 3 showed weight gains by 
the third day after the last DXM injection. PHZ in- 
duced an enhancement of the weights of spleens ofrats, 
which were significantly increased ( P  5 0.01) by the 
first day after PHZ administration and reached maxi- 
mal levels of approximately 1.8 g/100 g body wt (ab- 
solute mean value of 4.0 g) by 4 days after injection 
(Fig. 3). Spleens of rats that were treated with DXM 
and PHZ or DXM alone manifested significant 
decreases in weight during the 3 days of DXM admin- 
istration as compared with the spleen weights of un- 
treated rats. DXM pretreatment significantly dimin- 
ished ( P  I 10.01) the splenomegaly observed following 
PHZ administration. Thus, spleens of DXM- and PHZ- 
treated anirnals displayed weight increases that were 
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highest by the fifth to sixth day after the injection of 
PHZ, averaging about 0.58-0.64 g/100 g of body wt 
(absolute mean values of 1.4-2.0 g), as compared with 
1.8 g/100 g body wt with PHZ alone. Spleen weights of 
rats in all groups returned to pretreatment levels by the 
twentieth day after PHZ injection. 

The total BV, CRCV, and PV of the rats in Group 
1 (PHZ-saline injected) and Group 2 (PHZ-DXM 
treated) showed no significant differences from values 
for the untreated control animals. In this regard, control 
rats exhibited BV. CRCV, and PV of 5.7 ml, 2.3 ml, 
and 3.4 ml per 100 g body wt, respectively. For Groups 
1 and 2, BV ranged from 5.5 to 6.2 ml, CRCV from 
2.2 to 2.7 ml, and PV from 3.5 to 3.7 ml per 100 g 
body wt. The values for Group 3 rats (DXM-saline) 
were generally within the same ranges as those in 
Groups 1 and 2,  except for the tenth and twentieth days 
following the final DXM injection, when the values for 
BV, CRCV, and PV were 7.2-7.6 ml, 2.8-3.1 ml, and 
4.1-4.4 ml per 100 g body wt, respectively. These 
changes were only observed in Group 3 rats only on 
the tenth and twentieth days after PHZ injection and 
occurred after the most substantial alterations in cell 
counts induced by PHZ and/or DXM treatment (Fig. 
I) .  Moreover, these higher values could not be corre- 
lated with differences observed in the peripheral blood 
counts among any of the experimental groups. These 
findings indicate that blood volume changes could not 
account for the pronounced alterations in cell numbers 
observed among and within the experimental groups. 

Analysis of serum IgG titers revealed that DXM 
suppressed IgG synthesis in untreated rats and signifi- 
cantly inhibits (range, P 5 0.01-0.05) the rise in IgG 
titers resulting from PHZ injection (Fig. 4). This trend 
was observed for all time periods that were studied. We 
reported previously that PHZ treatment resulted in a 
decrease in the ratio of T to B lymphocytes (T:B) in rat 
peripheral blood, bone marrow, and spleen (3, 7). 

2 DXM - DXM -PHZ- DXM - 
3.3XM - DXM-Sallns-DXM U 

c P l 3 C - 4 1  -DAYS POST-PHZ ( S a l i n e )  INJECTION i TREATMENT 

Figure 2. Alteratiions in reticulocyte counts induced by PHZ or PHZ and DXM administration as compared with those of groups receiving DXM 
alone. The untreated Long-Evans rat reticulocyte count was 53%. Vertical bars through the means indicate k 1 SE. Arrows above the x axis 
represent dose schedules. 
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Figure 3. The influence of PHZ, DXM, or PHZ and DXM on spleen weights. Vertical bars through the means indicate f. 1 SE. X-axis arrows 
correspond to the treatment schedule. 
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Figure 4. Percentage of differences of plasma IgG levels from untreated or saline-treated controls resulting from the administration of PHZ, 
DXM, or PHZ and DXM. Vertical bars through the means indicate r 1 SE. For the saline-saline-PHZ-saline group, the pretreatment values and 
the Day-0 value are identical. 

DXM, when administered in either a single or double Discussion 
The immunosuppressive influences of GCS such 

as DXM are well documented (10, 13, 15,22-24). GCS 
have been shown to elicit a wide range of effects on the 

dose, also significantly depressed the T:B ( P  I 0.01) 
(Fig. 5) .  In addition, this agent accentuates the decrease 
in T:B resulting from PHZ treatment. 
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Figure 5. Mean ratio of the numbers of T to B lymphocytes in the peripheral blood of rats receiving PHZ, DXM, or PHZ and DXM as compared 
w th untreated controls. The DXM pretreatment group depicts the influence on T:B of one versus two injections of DXM according to the 
trc?atment schedule as described in the Materials and Methods. Vertical lines through the tops of the bars indicate * 1 SE. 

immune system, the mechanism(s) of which is not 
completely understood. GCS have been found to exert 
profound effects on circulating lymphocytes and, in 
species like tihe mouse, rat, hamster, and rabbit, cause 
a marked hypocellularity in the spleen, lymph nodes, 
and, particularly, the thymus (10, 25). The lympho- 
penia observed in rats, mice, and guinea pigs following 
GCS administration has been attributed to the redistri- 
bution of lymphocytes to certain lymphoid tissues and 
the bone mairrow at the expense of the vascular com- 
partment (10, 23). In addition, GCS are capable of 
directly affecting the functions of most classes and 
subcliisses of lymphocytes (12) as well as macrophages 
(22) and have been found to be directly cytotoxic to 
thymocytes and immature lymphocytes (24). Some of 
the effects of [GCS on the immune system are mediated 
through inhibitory actions on the synthesis and secre- 
tion of cytokines released by activated T cells. GCS can 
also suppress the production and biologic activity of 
certain inflammatory mediators, such as leukotriene B4 
(1 3).  GCS have been found to modulate the immune 
functions of nnacrophages and T and B lymphocytes by 
inducing changes in the phenotypic expression of var- 
ious cell surface molecules (26). It is commonly ac- 
ce pted that cell-mediated immune reactions are more 

susceptible to GCS than humoral responses. Certain 
subpopulations of T lymphocytes may be more sensi- 
tive to GCS than B cells (27). DXM has also been found 
to promote B cell immunoglobulin secretion by induc- 
ing the production of a B cell-inducing factor by T cells 
(14). In addition to producing peripheral lymphopenia, 
GCS induces neutrophilia and eosinopenia (28). In this 
regard, it has been reported that GCS, among their 
other effects on neutrophils, induce a granulocytosis by 
decreasing the rate of egress of cells from the peripheral 
circulation and increasing the influx of cells from the 
bone marrow (29). The effectiveness of GCS on im- 
mune responses has been shown to be contingent upon 
the route of administration as well as the dose schedule. 
Thus, GCS have been found to be more effective when 
administered prior to immunization rather than after 
antigen exposure (1 5, 16). We injected rats with DXM 
prior to PHZ treatment, since preliminary studies re- 
vealed that administration of DXM after PHZ was 
relatively ineffective in suppressing the anemia induced 
by this agent. We also found multiple injections of 
DXM to be superior to single injections in suppressing 
PHZ-induced anemia. 

Under the conditions employed in this study, 
DXM significantly suppressed the generation of anemia 
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resulting from PHZ injection. Supportive of these find- 
ings are earlier studies that demonstrated that cortisone 
and ACTH can mitigate or abrogate the hemolysis in 
many cases of acquired hemolytic anemia (30, 31). In 
addition, PHZ administered to adrenalectomized rats 
was found to cause a significantly greater destruction 
of RBC than it elicits in normal animals; the resulting 
hemolysis could be prevented by cortisone administra- 
tion (32). In this same study, ACTH was found to 
almost completely prevent PHZ-induced anemia in 
intact rats. In this connection, GCS, and DXM specif- 
ically, have been reported to exert an indirect stimula- 
tory effect on erythropoiesis (33, 34), which may, in 
part, account for the increased red cell levels that we 
observed in rats treated with DXM alone. Although the 
potential involvement of the immune system was not 
investigated in these earlier studies, the findings are 
consistent with our observations that DXM inhibits the 
generation of anemia and the splenomegaly induced by 
PHZ. The anemia caused by PHZ administration was 
substantially less severe in rats receiving DXM (Fig. 1). 
This effect was not mediated via alterations in plasma 
volume, which was essentially unchanged by any of the 
treatment regimens we employed in this study. Differ- 
ential and absolute leukocyte counts indicated that 
DXM substantially reduced and, in some instances, 
completely abrogated the leukocytosis and lymphocy- 
tosis resulting from PHZ treatment. We interpret these 
findings as further evidence for the involvement of 
immunologic mechanisms in the generation of anemia 
by PHZ. The amelioration of PHZ-induced splenomeg- 
aly by DXM can be attributed to the diminished de- 
struction of erythrocytes by the spleen. 

A rise in plasma IgG concentrations was noted 
shortly after PHZ injection and became significantly 
higher than untreated controls by as early as 48 hr 
afterward (Fig. 4). In a recent study. we reported that 
PHZ-treated rats produce IgG antibodies capable of 
opsonizing rat erythrocytes sensitized by PHZ exposure 
in vivo or in vitro (3). The titers of these antibodies were 
highest in the first week following PHZ treatment and 
dropped substantially thereafter, but remained signifi- 
cantly higher than control levels for the entire 6-week 
experimental period (3). Similar patterns of IgG en- 
hancement in response to PHZ were observed in the 
current study. The anemia, which is most pronounced 
in the first week after PHZ treatment, gradually became 
compensated, even though weekly PHZ treatments 
continued (1,  3). The mechanism(s) for this compen- 
sation has not been defined. However, treatment with 
DXM prior and subsequent to PHZ injection signifi- 
cantly inhibited the expected rise in IgG titers resulting 
from exposure to PHZ, although IgG levels still re- 
mained higher than those of untreated controls. The 
findings that PHZ-treated animals display elevated IgG 
titers (i) after the compensation of anemia in the chron- 

ically treated rats and (ii) in rats in which the generation 
of this anemia was prevented by DXM may be attrib- 
uted to generalized stimulatory effects of PHZ on 
lymphoid cells. In this regard, nanogram quantities of 
PHZ were found to stimulate lymphocyte blastogenesis 
in vitro (5). The correlation of the inhibition of IgG 
production, diminished anemia, and drops in leukocyte 
(lymphocyte) counts is further confirmation that im- 
mune activation is an important mechanism in the 
generation of anemia in the rat by PHZ. 

An antierythrocyte antibody has been postulated 
as mediating the destruction of senescent red cells (35- 
37). This autologous IgG reacts with membrane sites 
on erythrocytes that have been altered by age and 
facilitates their removal by splenic macrophage Fc re- 
ceptor mechanisms (35). The antigenic site has been 
identified as Band 3 protein (38). In this regard, PHZ 
has been reported to cross-link Band 3 proteins into 
aggregates that are recognized by the senescent red cell 
antibody (37). Hence, there is evidence that PHZ may 
cause red cell destruction by aging the cell, thereby 
exposing nascent antigen to circulating antibody. In 
addition, PHZ also enhances the level of sensecent red 
cell antibody, which presumably accumulates prefer- 
entially on older erythrocytes. Although a flow cytom- 
etry study indicates that IgG accumulates on erythro- 
cyte membranes with age (39), there is little information 
concerning the quantity of membrane-associated IgG 
that is needed to trigger macrophage erythrophagocy- 
tosis or the effects of PHZ on RBC of various ages. 
Compensation of the anemia caused by PHZ or similar 
drugs, even during chronic exposure, may reflect a shift 
toward decreasing age in the red cell population, ren- 
dering the cells less susceptible to autologous IgG rec- 
ognition, and possibly to the oxidizing effects of PHZ 
as well. The rapid enhancement of IgG titers, lympho- 
cytosis, and diminished ratios of T to B lymphocyte 
numbers in the peripheral blood and lymphoid organs 
that were noted in this and previous studies (3, 5) is 
consistent with a secondary immune response. PHZ 
may act on at least two aspects of this response to 
generate anemia: by augmenting the quantity of autol- 
ogous IgG capable of binding to older RBC, thereby 
accelerating their destruction, and by inducing senes- 
cence-like changes on younger RBC, rendering them 
recognizable by these antibodies. The continued stim- 
ulation of erythropoiesis by erythropoietin-dependent 
mechanisms during chronic PHZ exposure (1 )  also 
contributes to the phenomenon of compensation, os- 
tensibly by increasing the percentage of reticulocytes 
and other young erythrocytes in the peripheral blood. 
In contrast to studies associating IgG accumulation 
with RBC aging, one group, using a sensitive enzyme- 
linked immunosorbent assay method to quantify IgG 
associated with erythrocyte membranes, reported that 
in rabbits, IgG accumulation on aged RBC was only 
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slightly higher than on younger erythrocytes (40). Since 
no positive coritrols (Coomb's 'RBC) were included in 
this experiment, it is unclear whether membrane-bound 
IgG was lost during some aspect of the assay procedure 
or whether IgO accumulation is not part of the normal 
senescence process for erythrocytes in rabbits. 

Other investigators have reported that PHZ-in- 
duced hemolytic anemia was associated with nonim- 
mune mechanisms. Thus, PHZ has been reported to 
directly lyse human erythrocytes in vitro (41). However, 
we Found that rat erythrocytes that were incubated with 
PHZ for periods up to 6 hr showed no detectable 
heniolysis (42). Supportive of the latter finding are 
experiments performed in vivo demonstrating that 
erylhrocytes, although not directly lysed by PHZ, are 
rapildly removed from the circulation by macrophages 
after being exposed to this drug. This event occurs 
prirnanly in tlhe spleen, although the liver becomes 
increasingly more important in the sequestration of 
erylhrocytes altered by higher doses of PHZ (43). PHZ 
has been reported to cause membrane damage in rat 
RBC by oxidatiion of membrane-associated thiol groups 
(44 I, which, in turn, promotes their rapid removal from 
the circulation by reticuloendothelial cells (43, 45). In 
this regard, a lectin-like receptor on murine macro- 
phages is reported to be involved in the recognition and 
phagocytosis of human RBC exposed to PHZ (45). 

In the present study, we found that DXM influ- 
ences the ratio1 of T to B cell numbers in a manner 
similar to PHZ, (Fig. 5) ( 5 ) .  In fact, the drop in T:B in 
PHL-treated rats is accentuated by DXM. Although 
the precise reasons for this are not clear, the total WBC 
and lymphocyte counts are substantially higher in the 
PHZ-treated groups than in those animals injected with 
DXM and PHZ or DXM alone (Fig. 1). Therefore, the 
dramatic increase in the numbers of circulating and 
organ-associated B cells noted during PHZ treatment 
(3, 7 )  was suppressed by DXM. The enhancement in 
T:B by DXM reflects to a greater extent a reduction in 
T cells rather than an increase in B lymphocytes. Pre- 
limi nary studies indicating that DXM suppresses T4 
lymphocytes more than T8 cells (B. A. Naughton and 
B. !i. Dornfest, unpublished observations) may have 
implications in the generation of a humoral response 
by I'HZ. T cells have been shown by others to be more 
sensitive to GCS than B lymphocytes (27). In summary, 
DXM suppresses the hemolytic anemia induced by 
PHZ in the rat. This action was associated with the 
suppression of ia number of events associated with PHZ 
exposure in vzvo, including lymphocytosis, splenomeg- 
aly, increased serum IgG titers, and increased numbers 
of circulating and organ-associated B lymphocytes. 
These results confirm and extend our previous studies, 
indicating that inimunologic mechanisms contribute to 
the generation of' anemia in rats by PHZ. 
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