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Induction of leukaemia in
chloramphenicol-treated toads
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ABSTRACT Chloramphenicol hae been associated with the development of aplastic anaemia. As it ig still
widely used in Egypt, we studied its affect on 100 Egyptian toads {(Bufo regufaris) given a dose of
chloramphenicol of 5 mg/40 g body weight for 12 weeks. We found it induced numerous, severe
ultrastructural changes in almost all types of leukocytes. These changes were similar to thase induced by
the chemical carcinogen 7,12-dimethylbenz(a)anthracense in 100 toads used as the carcinogen control
group, and similar to those in leukocytes reported in humans with leukaemia. We recommend regulations
be applied on the use of this antibiotic in countries where it is still widely used.

Induction de la leucémie chez des crapauds traités au chloramphénicol

RESUME Le chloramphénicol a &té associé au développement de 'anémie aplastique. Etant donné qu'il est
encore trés largement utilisé en Egypte, nous avons étudié son effet sur 100 crapauds égyptiens (Bufo
regutaris) avec une dose de 5 mg/M0 g de poids corporel pendant 12 semaines. Nous avons constaté qu'il
provoguait de nombreux changements ultrastructurels sévéres dans presque tous les types de leucocytes.
Ces changements étaient semblables & ceux provogués par la substance carcinocgéne
7.12- diméthylbenz[alanthracéne chez 100 crapauds utilisés comme groupe témoin A titre expérimental
ainsi qu'a ceux des leucocytes signalés chez les éires humains atteints de leucémie. Nous recommandons

que des réglementations soient appliguées a lFutilisation de cet antibiotique dans les pays ol il est encore
targemant utilisé.
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Introduction

Chloramphenicol was first employed clini-
cally for typhus fever [7]. The toxicity of
chloramphenico! has been studied since the
drug’s introduction and the most serious
hazard to man is bone marrow toxicity [2].
Administration of chloramphenicol has also
been found to be associated with wild
thrombocytopenia {3] and the development
of aplastic anaemia [4]. It is well known that
certain agents capable of producing aplastic
anaemia in man can induce lenkaemia [5],

Toads have been used as models to
study the development of tumours in rela-
tion to carcinogens [6] and cocarcinogens
[7]. It is worth mentioning that similarities
between toad and human tumours have
been reported [8]. The present work was
undertaken to study the pathological effect
of prolonged administration of ¢hloram-
phenicol, which is widely used in Egypt, on
the blood cells of the Egyptian toad.

Materials and methods

Sexually mature male and female toads,
Bufo regularis, (40 g each) were used. The
animals were provided by a regular suppli-
er. They were kept in large glass aquariums
with small amounts of water that was
changed twice daily aud were fed earth-
wOITHS OnGs every 3 days.

The toads were divided into three
groups ol 100 (50 males and 50 females).
Each 10ad of the first group (experimental)
was force-fed 5 mg chloramphenicol in 0.5
mL amphibiau saliuc daily for 3 months.
This dose represents the human therapeutic
dose. Chloramphenicol was obtained from
Misr Company for Phaimaceutical Indus-
tries, Mataria, Cairo, Egypt. Each toad of
the second group (carcinegen control
group) was forge-fod 7,12~
dimethylbenz(a)anthracene (DMBA) at a
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dose of 0.5 mg twice a week for 3 months
as described before [7]. DMBA was oh-
tained from Sigma Chemical Company, St
Louis, Missouri, United States of America.
Toads of the third group (normal control
group) were force-fed 0.5 ml. amphibian
saline daily.

Haematological studies

Blood samples were obtained frotn the ven-
tricle of the heart, and blood smears were
fixed in methyl aleohel and stained with
buffered Giemsa stain. Blood ¢ells of all
groups were examined for alterations by an
oil immersion lens. S:atistical analysis us-
ing the r-test was performed to determine
the lavel of significant difference hetween
blood alterations in toads treated with ¢hlo-
ramphenicol or DMBA compared with the
control group.

The blood of experimental and control
groups {SmL, with 1% heparin) was cen-
ir-fuged for 20 minutes at 1200 g. A white
bufty coat was formed between red blood
cells below and piasma above, After re-
moving the plasma, 2.5% glutaraldehyde
buffercd with 0.1 M phosphate buffer was
added. The buffy coat whe was allowed to
stand for 18 hours at 4 °C. A 1 mm slice of
the plug was cut into small picces, post-
fixed in 1% 0s0O,, washed in buffer, dehy-
drated in acetone, followed by propylene
oxide and embedded in araldite. The sec-
tions were double stained with uranyl ace-
tate and lead citrate and were examined
under & Jeol x 100 electron microscope,

Results

Administration of 5 mg chloramphenicol
daily for 12 weeks ot 0.5 mg DMEBA twice
per week for 12 weeks resulted in altcra-
tions in the peripheral blood of the treated
ads (Table 13, No significant difference
was found in the overall incidence of lcu-
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kaemia between the chloramphenicol group
(21%) and the DMBA group (27%) ()* =
0.99, P = 0.321). Analysis for trend
showed a significant slope for the chloram-
phenicol group (> = 5.02, P = 0.025) and
for the DMBA group (> = 12.22, P =
0.000). Thus, in both groups the incidence
of leukaemia tended to increase with time,

About 40% of the erythrocytes exam-
ined were at immature stages. They were
highly vacuolized and showed rouleaux
formation, anisocytosis and poikilocytosis
(Figure 1). Examination of the stained
blood smears after 12 weeks of treatment
revealed a profound increase in the number
of leukocytes with numerous mitotic fig-
ures. Most leukocytes present were granu-
locyles, mainly neutrophils, which were
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present in different stages of maturation
{(Figure 1).

Ultrastructural studies of leukocytes of
chloramphenicoi-treated toads revealed sev-
eral alterations, which involved both the nu-
cleus and cytoplasmic organeilae,
Neutrophils with extensive segmented nu-
clei, invaginated nuclear envelope, abundant
heterochromatin and numerous pleomor-
phic cytoplasmic granules and vacuoles
were seen (Figure 2). Also basophils with
numerous, pleomorphic granules were seen
and the nucleus was eccentric (Figure 3).

Lymphocytes displayed some features
of lymphocytic leukaemia; they had large,
dark nuclei with abundant heterochroma-
tin. The nucleus was convoluted and deep-
ly invaginated with cytoplasmic materials.

Table 1 Effect of administration of chioramphenicol and DMBA on the peripheral blood of

Egyptian toads after 12 weeks

Group* Time elapsed Number of Number of Incidence  QOverall
after start toads toads with of incidence®
of experiment autopsied leukaemia leukaemia
(weeks) (%)
M F M F
Chloramphenicoi-treated 2 5 5 4] 0 0.0 21.0%
animals 4 6 6 1 0 83
6 6 6 2 1 25.0
8 8 8 2 1 18.8
10 12 13 4 2 24.0
12 13 12 3 5 32.0
DMBA-treated animals 2 5 5 0 0 0.0 27.0%
4 5 5 1 0 100
6 8 7 1 1 13.3
8 10 8 3 2 278
10 12 13 4 4 320
12 10 12 5 6 50.0

*No leukaemia developed in the control group and therefore it was not included in the table.
*Comparison of ovarall leukaemia incidence showed no significant difference between the two groups

{¥? =099, P = 0.321).

X2 for slope for chioramphenicol = 5,02, P = 0.025.
12 for siope for DMBA = 12.22, P = 0.000.

DMBA = 7,12-dimethylbenz{a}anthracene.
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The lymphocytes also showed a narrow
perinuclear zone of cytoplasm with promi-
nent cytoplasmic vacuoles, in addition to
the fusion of their plasmalemma projec-
tions to form endocytic vesicles (Figure 4).
Sézary-like lymphocytes and lymphocytes
with totally cleaved nuclei and abundant
heterochromatin were observed (Figure 3).

The nuclei of monocytes had a convo-
luted U- or W-shaped appearance; they
were beset by invagination and occupied by
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heterchromatin, The cytoplasm showed
numerous pleomorphic granules, scant ot-
ganelles and numerous endocytic vesicles
(Figure 5).

Plasma cells of unusual shapes were
seen in the chloramphenicol-treated toads.
They had nuclei with abundant heterochro-
matin, swollen sacs of rough endoplasmic
reticulum, large mitochondria with dense
matrix and cytoplasm with numerous ri-
bosomes (Figure 6).

Figure 1 {a—d) Light micrographs of blood films of chloramphenicol-treated toads (Giemsa

stain)

(a) Marked anisocytosis and polychromasia can be seen. Arrow points show “cigar-shaped”
erythrocytes. Le: late erythroblast showing deformed shape (x1160)
(b) Anaphase of mitotic division and prominent vacuolation of surrounding mature

erythrocytes can be gaen. {x 1160)

{c) A non-granular segmented neutrophil can be seen. The nucleus shows a “pince-nez”
configuration and the cytoplasm shows numerous vacuoles. (x1160)

(d) A band neutrophil can be seen showing two unsegmented nuclei enclosing cytoplasmic
material. The surrounding erythrocytes contain numerous vacuoles. (x1160)
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Figure 2 Electron micrograph of peripheral blood of chloramphenicol-treated toads showing
extensive segmentation, lobulation and hyperchromatism of nuciei in neutrophils and
lymphoeytes (L); Bn: band neutrophil; $n: segmented neutrophil (x8000)

Figure 3 Electron micrograph of peripheral blood of chioramphenicol-treated toads, showing
basophils (Ba) containing large pleomorphic granules, Sezary-like lymphocytes (arrow) and a
lymphocyte with cleaved nucleus (L) (x8000)
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Figure 4 Electron micrograph of peripheral blood of chloramphenicol-treated toads which
shows a lymphocyte with a deeply invaginated nucleus. Arrow points to nuclear vacuoles.
Note the protrusicn of microvilli (Mv) from the plasma membrane and the formation of

endocytic vesicles from their fusion. G: granules (x20 000)

Figure 5 Electron micrograph of peripheral blood of chloramphenicol-treated toads showinga
monocyte with a W-shaped nucleus and an amorphous inclusion (arrow); F: filopodia; G:
granuies; M: mitochondria (x18 000)
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Figure 6 Electron micrograph of peripheral blood of chloramphenicol-treated toads showing a

plasma cell with abundant swollen cisternae of rough endoplasmic reticulum containing a
grey matrix; M: mitochondria; V: vacuole (x20 000)

Discussion

In our study, administration of chloram-
phenicol, or its carcinogenic control
DMBA, was found to cause significant ab-
normality in the erythrocytes and leuko-
cytes of Egyptian toads.

In the majority of erythrocytes, anisocy-
tosis, poikilocytosis, polychromasia and
vacuolization were observed. These defects
are likely to occur in aplastic anaemia [9].

I.eukocytes showed certain ultrastruc-
tura] features that were similar to those of
granulocytic leukaemic cells. Most cells
showed irregularities in nuclear configura-
tion, cytoplasmic vacuolation, pleomorphic
granules, numerous ribosomes and a pauci-
ty of organelles. Lymphocytes showed
round-to-indented nuclear profiles with
abundant marginated heterochromatin, cy-
toplasm with abundant free rihosomes and

plasma membrane with many protrusions
and endocytic vesicles. Some lymphocytes
were Sézary-like. Similar findings have
been reported by Komiyama et al. in human
acute teukaemia [/0].

Monocytes in our study revealed in-
dented, U- or W-shaped nuclei, ruffled cell
surface and pleomorphic cytoplasmic
granules. Similar features have been de-
scribed by Ghadially [17] and Dickersin
[£2] in mammalian leukaemic monocytes,
including human.

After chloramphenicol was introduced
into clinical practice in 1948, it was soon
associated with reports of aplastic anaemia
[13]. Reversible bone marrow suppression
has been observed in cats given chloram-
phenicol orally [74]. This lesion is a conse-
quence of mitoechondrial injury [75].

Because chloramphenicol inhibits the
synthesis of mitochondrial proteins, impor-
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tant membrane-associated enzymes be-
come depleted, ultimately leading to sup-
pressed mitochondrial respiration,
compromised cellular synthetic machinery
and a cessation of cellular proliferation

[16].

Conclusion

Chioramphenicol had a serious impact on
the haematopoietic system of the Egyptian
toad. These hazardous effects were similar
to those induced by the potent carcinogen
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7,12-dimethylbenz(a)anthracene. The len-
kaemic transformations that occurred in
the leukocytes of toads are similar to those
described by Ghadially [//] in leukaemic
leukocytes of humans, Our findings should
alert physicians to the possibility of an as-
sociation of chloramphenicol with a thera-
py-related preleukaemia/leukaemia syn-
drome. Prospective investigations are
required to re-evaluate the risk of leukaemia
in countries where widespread use of chlo-
ramphenicol continues. Regulations con-
cerning the use of chloramphenicol should
be updated to prohibit its use.
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Rational usa of drugs

Improving the use of drugs by prescribers, dispensers
and the general public Is crudal to reduce morbldity
and mortality from both communicable and noncomn-
municable diseases, as well as to contaln drug ex-
penditure. Although most countries have essential
drug lists and standard treatment guidelines, and a
large proportion reports the existence of therapeutic
committees and continuing education programmes, ir-
rational drug prescribing, dispensing and self-medicg-
tion continue to be major problems in most of the
countries of the Region.

Source; The Work of WHO in the Eastern Mediterranean Region.
Annual Report of the Regional Director. 1 January-31 December 2000,
Pages 55-6.
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