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Azathioprine (AZA) is used clinically sometimes at high doses for
short-term therapy to treat acute rejection of kidney allograft or to desensi-
tize hypersensitive patients to it. The delayed consequences of this approach
had not been well investigated. Therefore, in this study we have investigated
the delayed consequences of high-dose short-term AZA administration in
rabbits. Our results showed that oral administration of AZA (10 mg/kg/day)
to rabbits for two weeks induced reversible thrombocytosis and delayed fatal
macrocytic anemia. Moreover, neither the hemoglobin level nor the white
blood cell count was affected by AZA. The solvent of AZA had no effect on
blood cell counts and hemoglobin levels. We can conclude that although
high-dose AZA therapy may not induce immediate and significant changes
in blood picture, delayed fatal macrocytosis may occur.
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INTRODUCTION

Azathioprine (AZA) is an immunosuppressive
agent used mainly to prevent rejection of organ
transplants [3, 9, 24, 34] and to treat various auto-
immune disorders such as rheumatoid arthritis [16,
17], systemic lupus erythromatosus [1] and inflam-
matory bowel disease [15, 23, 30], Moreover, it is
used for the management of various refractory der-
matological disorders [27, 35]. The long-term clini-
cal use of AZA (2–3 mg/kg/day) is limited by its
bone-marrow suppressive effect, which may result
in various hematological disorders [10, 19].

Short-term use of AZA at a high dose (10 mg/
kg/day for 10 days) induced fatal agranulocytosis
in dogs [14]. Moreover, AZA is used clinically
sometimes at high doses for short-term therapy to
treat acute rejection of kidney allograft [3] or to de-
sensitize hypersensitive patients to it [13]. The de-
layed consequences of this approach had not been
well studied. Therefore, in this study we have in-
vestigated the delayed consequences of high-dose
short-term AZA administration (10 mg/kg/day for
14 days) in rabbits.

MATERIALS and METHODS

Azathioprine

AZA pure powder was purchased from Sigma
Chemical Co. Limited through its agent in Amman
(United Tetra Group). It was dissolved in equimo-
lar concentration of 0.01 M sodium hydroxide solu-

tion and then diluted with 0.9% sodium chloride
solution.

Rabbits

Twelve rabbits weighing 1.8–3.5 kg (average:
2.5 kg) were obtained from the Biological Research
Center at Jordan University of Science & Technol-
ogy. These rabbits were divided into two groups
(6 rabbits for each group). Blood samples were ob-
tained from the marginal ear vein. On day zero and
prior to any treatment, blood counts and hemoglo-
bin estimation were performed. The rabbits of the
test group received daily administration of AZA
(10 mg/kg) orally for two weeks. The rabbits of the
control group received daily administration of AZA
vehicle (0.01 M NaOH in 0.9% NaCl) for two weeks.

Hematological tests

Blood counts including erythrocytes, leucocytes
and platelets were performed microscopically and
hemoglobin was estimated by UV spectroscopy [7].

Statistical analysis

The results were analyzed by a computerized
program utilizing the paired t-test. Results were
considered statistically significant when p < 0.05.

RESULTS

Table 1 shows that daily administration of AZA
(10 mg/kg) for two weeks did not cause any statis-
tically significant change in erythrocyte count, leu-
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kocyte count or hemoglobin level. However, there
was a significant increase (34.1%) in platelet count
in all tested rabbits during the two-week treatment.
Platelet count returned back to the basal level on
day 45. Moreover, erythrocyte count was signifi-
cantly depressed (60.2%) on day 45 although AZA
treatment was discontinued on day 14. All rabbits
died between days 47–54.

AZA vehicle did not cause any significant
change in all blood cell counts and hemoglobin lev-
els during and after discontinuation of treatment.

DISCUSSION

AZA-induced bone marrow toxicity, manifested
by leucopenia, neutropenia, thrombocytopenia, pan-
cytopenia or red cell aplasia is well documented in
clinical use of AZA [5, 6, 10, 11, 18, 22, 25, 29, 39]
as well as in experimental animals [14, 32]. The
mechanism of this toxicity is unclear but it may be
attributed to decreased activity or deficiency of the
enzyme thiopurine methyltransferase that partici-
pates in the deactivation of AZA [4, 19, 36, 37].

In our investigation, although AZA was admi-
nistered at a high dose (10 mg/kg/day) to rabbits,
no cytopenia, leucopenia or thrombocytopenia was
observed. On the contrary, AZA induced transient
thrombocytosis. It was reported previously that
long-term administration of AZA at 2.2 mg/kg on
alternate days to 5 domestic cats induced thrombo-
cytosis in 3 cats and thrombocytopenia in the other
2 cats [2].

Moreover, although AZA treatment was discon-
tinued after two weeks, all the treated rabbits died
between days 47–54 due to severe fatal macrocytic
anemia. Delayed macrocytic anemia was reported
in long-term clinical use of AZA [8, 12, 21, 28,
31–33, 38, 40]. The mechanism of AZA-induced
macrocytosis is unclear as there was no deficiency
of vitamin B'& or folate [20, 26]. AZA-induced
macrocytosis may be due to the inhibition of DNA
synthesis in bone marrow precursor cells leaving
both RNA and protein synthesis intact.

From this study, it is concluded that short-term
high-dose AZA treatment induces delayed fatal ma-
crocytic anemia in rabbits. To avoid such a tragedy
in humans, this issue should be taken into conside-
ration when using AZA at high doses to treat acute
rejection of kidney transplants [3] or during desen-
sitization to AZA in hypersensitive patients [13].
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