International Journal of Stem Cells Vol. 3, No. 1, 2010

ORIGINAL ARTICLE

An Animal Model of Chronic Aplastic Bone
Marrow Failure Following Pesticide Exposure in Mice
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The wide use of pesticides for agriculture, domestic and industrial purposes and evaluation of their subsequent effect
is of major concern for public health. Human exposure to these contaminants especially bone marrow with its rapidly
renewing cell population is one of the most sensitive tissues to these toxic agents represents a risk for the immune system
leading to the onset of different pathologies. In this experimental protocol we have developed a mouse model of pesti-
cide(s) induced hypoplastic/aplastic marrow failure to study quantitative changes in the bone marrow hematopoietic stem
cell (BMHSC) population through flowcytometric analysis, defects in the stromal microenvironment through short term
adherent cell colony (STACC) forming assay and immune functional capacity of the bone marrow derived cells through
cell mediated immune (CMI) parameter study. A time course dependent analysis for consecutive 90 days were performed
to monitor the associated changes in the marrow’s physiology after 30", 60" and 90" days of chronic pesticide exposure.
The peripheral blood showed maximum lowering of the blood cell count after 90 days which actually reflected the bone
marrow scenario. Severe depression of BMHSC population, immune profile of the bone marrow derived cells and reduc-
tion of adherent cell colonies pointed towards an essentially empty and hypoplastic marrow condition that resembled
the disease aplastic anemia. The changes were accompanied by splenomegaly and splenic erythroid hyperplasia. In con-
clusion, this animal model allowed us a better understanding of clinico-biological findings of the disease aplastic anemia

following toxic exposure to the pesticide(s) used for agricultural and industrial purposes.
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Introduction

Chronic aplastic marrow failure or, as it is more com-
monly termed, aplastic anemia is defined as pancytopenia
accompanied by a hypocellular bone marrow. Laboratory
and clinical findings have implicated an immunologic
pathophysiology of the disease (1). In approximately one
half of the cases, the syndrome becomes manifest after
chronic exposure to toxic drugs or chemicals (2-6). Apla-
stic anemia has also long been linked with toxic exposure
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to pesticide(s). Reported findings from early studies in-
cluded surprising associations of aplastic anemia with ag-
ricultural and house hold pesticide exposure in the devel-
oping countries (7, 8).

Usage of pesticides in the ecosystem leads to the devel-
opment of various types of morphological and behavioral
changes in individuals (9). The degree of toxicity depends
upon the nature of pesticides and their environmental
concentrations. Pesticides can be characterized on the ba-
sis of their function as insecticidal, herbicidal, fungicidal
etc and also on the basis of their chemical nature, i.e. or-
ganophosphates and organochlorides (10, 11). Potentially
hazardous environmental toxicants like pesticides display
a broad spectrum of biological effects, being toxic not only
to the target organisms but also to humans. There is sub-
stantial experimental and epidemiological evidence that
many pesticides in widespread use, around the world are
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potential immunosuppressants (12-14). Experimental stu-
dies on human cell cultures and laboratory animals pro-
vided strong evidence that many pesticides are im-
muno-toxic (15, 16). Recent studies have also found that
pesticides can induce changes in the immune system
structure and function (17). Pesticides from both the orga-
nophosphate and organochloride groups have found to af-
fect the developing immune system by depressing the pro-
liferation and differentiation of the immune system parent
cells. They also reduced the humoral and cell mediated
immune responses in vivo (18-20). Pesticide induced im-
munosuppression might be substantially increasing the
vulnerability to common diseases like pneumonia, gas-
tro-enteritis and measles in the developing countries.

Despite the presence of several epidemiological studies,
no systematic study has yet been carried out to show the
effect of toxic exposure of these pesticides on the bone
marrow physiology, hematopoietic stem cell population,
stromal microenvironment and the immune functional po-
tential of the bone marrow derived cells.

In this present study, we have established an animal
model of hypoplastic marrow failure following chronic
pesticide exposure in mice. Furthermore, we have showed
the stage specific depression in the BMHSC population
as shown by flowcytometric analysis and defects in the
stromal microenvironment as evidenced by decrease in the
short term adherent cell colony (STACC) formation. The
toxic effect was associated with the decrease in the im-
mune functional capacity of the bone marrow derived cells
as documented through the cell mediated immune (CMI)
parameter study. In conclusion, the experimental status
produced by the pesticide induction in mice represented
an animal model of human aplastic anemia in man with
prolonged impairment of stem cell self-renewal and de-
fects in the stromal microenvironment of bone marrow.

Materials and Methods

Animals

12 weeks old inbred Swiss albino mice of both sexes (30
in number) were housed at the animal house of the
institute. The animals were kept in cages-6 animals per
cage in a room at controlled room temperature (22+2°C).
During the course of the study the animals were fed on
a diet consisting of 25.0% protein, 10.0% fibre, 5.0% fat,
9.0% minerals and access to water ad libitum, under
standard conditions with a 12 hour light dark period. The
procedures followed were in agreement with the approved
guide for the care and use of laboratory animals.

Experimental design

In a 90 days range finding study, we have divided adult
mice into a) an experimental group receiving inhalation
and dermal exposure of 5% aqueous solution of a mixture
of common agricultural use pesticides from different orga-
nophosphate and organochloride origin (mainly includes
Alphamethrin, Cypermethrin, Profenofos, Chloropyrofos)
for 6-hours/day and S-days/week up to 90 days (ILDsy of
10% aqueous solution has been found to be 20 days) and
b) a control group receiving inhalation and dermal expo-
sure of only aqueous solution without any pesticide con-
tamination for the same period of time. Body weights and
water consumption were monitored throughout the study.

Peripheral blood

In the initial part of the study, mice were randomly se-
lected for the peripheral blood hemogram in a group of
six which looked pale or ill. In a time dependent ob-
servation, 30", 60™ and 90" day after the first exposure,
approximately 300 «1 of blood was collected by tail vein
puncture using heparinized vials. Total and differential
count of white blood cell (WBC), red blood cell (RBC)
count, reticulocyte, platelet, neutrophil counts and hemo-
globin percentage were taken for the detection of whole he-
mogram profile. In the initial part of the study, mice were
randomly selected for the peripheral blood hemogram.

Mice sacrifice and isolation of bone marrow cells (BMCs)

On 30" 60™ and 90™ day after the first date of ex-
posure, animals were sacrificed in a group of six at a time
to isolate long bones (femur, tibia, and fibula). Bone mar-
row was taken out by flushing with RPMI-1640 media us-
ing 26 gauge needle syringe and the cells were mixed well
with repeated pipeting. RBCs were then depleted using
RBC lysing solution (BD Biosciences, USA). The cells
were collected after passing through cell strainer and
washed in phosphate buffered saline (PBS) and finally
transferred to RPMI-1640 and the cell distribution was
noted by counting the cells for each of the control and
experimental groups of animals.

Flowcytometric analysis of sca-1"c-kit" hematopoietic
stem cells (HSCs)

Monoclonal antibodies against Sca-1, c-kit and mouse IgG
isotype controls were obtained from BD-Biosciences, USA.
Approximately 1x10° bone marrow cells were incubated for
30 minutes at 37°C in the dark with 2 1 of phycoerythrin
(PE) labeled anti mouse Scal mAb and 2 «1 of fluorescence
isothyocyanate (FITC) conjugated c-kit mAb and then wash-
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ed twice in PBS to wash off the excess fluorescence. Stained
cells were analyzed with BD-FACS Calibur (Becton Dicken-
son, USA) using cell quest pro software.

Short term adherent cell (STAC) culture

For the short term adherent cell (STAC) culture, the
bone marrow derived cells were suspended in RPMI-1640
at a concentration of 4x10° cells/ml of media, supple-
mented with 15% fetal bovine serum (FBS), 100 U/ml
penicillin, 100 U/ml streptomycin and 0.01% (V/V) mer-
captoethanol. Four 35X10 mm Petri dishes each for the
experimental and control groups were plated with 3 ml
of media containing 4x10° cells and placed in a CO; in-
cubator at 37°C and 5% CO, atmosphere. At every 72
hours interval the media was drained off from each Petri
dish and fresh media supplemented with 20% fetal bovine
serum (FBS) and 0.01% (V/V) mercaptoethanol, added for
the maintenance of the culture. After 16 days the numbers
of colonies were scored using an inverted microscope.

Studies on cell mediated immune (CMI) parameters

The functional efficacy of the bone marrow derived cells
isolated as above has been carried out in each group as
follows.

Spontaneous E-rosette (21): Briefly 0.25 ml of 1%
S-RBC was allowed to react with 0.25 ml of 4x10° cells
/ml effectors (Bone marrow derived cells) at 37°C for 15
minutes, and finally centrifuged and kept at low temper-
ature (4°C) overnight.
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Fig. 1. Weight gain pattern of the pesticide exposed group of mice,
showed significant difference compared to the normal mice
throughout the experimental. At about 90" day, the average weight
of the pesticide exposed mice was 21.5+2.75 gms compared to
the normal controls (26.0+2.0 gms).

Nitroblue tetrazolium (NBT) reduction assay: As de-
scribed earlier (Law et al., 2001) effector: target ratio was
maintained at 10 : 1 in the presence of NBT- which is re-
duced to blue formazan as phagocytosis proceeds. The prep-
aration was incubated for 18 hours at 37°C in 4% CO, hu-
midified atmosphere. Finally the reaction was stopped by
adding 0.IN chilled HCI and pellet was extracted with boil-
ing pyridine for the reduced blue formazan to appear in the
supernatant. The intensity of colour assayed spectrophoto-
metrically at 530 nm provided a direct measure of the extent
of phagocytosis. Results were expressed as a percentage (%).

Cytotoxicity assay: The Effector: Target ratio has been
maintained at 10 : 1. Approximately 1x10° bone marrow
cells were incubated with 1x10° tumour cells (Sarcoma-
180) for 18 hours at 37°C. Finally, after 18 hours of in-
cubation equal volume of cell suspension was mixed with
equal volume of 0.4% trypan blue dye solution and the
tumour cell viability was determined by counting them on
hemocytometer chamber.

Statistical analysis

Statistical analysis of results was performed using
Students’t-test of the standard deviation from the mean of
different data. All results were evaluated statistically by
applying the SPSS-PC package (Version 9.0, SPSS,

b Y .

Fig. 2. (A) Spleen from the normal control group of mice. (B) Large,
hyper-erythroid spleen from the pesticide exposed animals in-
dicates the increase in extramedullary hematopoiesis in the stressed
condition.
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Table 1. Peripheral blood hemogram of the pesticide exposed group of mice showed uniformly reduced corpuscular counts such as white
blood cells (WBO), red blood cells (RBC) and platelets at 30™ and 90™ days after pesticide exposure and moderate decrease in the hemoglo-
bin level compared to the normal control group. Reticulocyte and neutrophil counts were also significantly low

Normal control
group (X+SD)

Parameters

30 days post pesticide
exposure (X+SD)

60 days post pesticide
exposure (X+SD)

90 days post pesticide
exposure (X+SD)

Hemoglobin (g/dl) 15.99+2.20 14.79+1.26 12.08 +1.46 12.12+1.53
WBC (x10%/ 1) 6.2+1.2 7.44+0.66 5.2+1.02 4.9+0.22
RBC (x10% 1) 8.44+0.75 8.22+1.96 6.51+1.62 3.38+0.52
Platelets (><103//t|) 438 +14.22 411+12.22 325+15.29 169+10.09
Reticulocyte (%) 0.89+0.15 0.54+0.07 0.44+0.11 0.31+0.07
Neutrophil (%) 22.75+2.22 14+1.20 11+1.59 8+1.10
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Fig. 3. (A) Phenotypic characterization of Sca-1 and c-kit receptor expression from the normal mouse bone marrow cells. The normal bone
marrow contains 9.33% dual positive (Scal c-kit™) cells. (B) Phenotypic characterization of Sca-1 and ckit expression by the bone marrow
cells from 30 days post pesticide exposed group of mice. Severe reduction in the percentage of Scal ckit™ (1.46%) cells has been observed
in this group of animals. (C) Phenotypic characterization of Sca-1 and c-kit receptor expression by the bone marrow cells from 60 days
post pesticide exposed group of mice. The bone marrow from this group of animals showed further decrease in the Scal*c-kit™ (0.68%)
population. (D) Phenotypic characterization of Sca-1 and c-kit receptor expression by the bone marrow cells from 90 days post pesticide
exposed group of mice. Severe reduction in the percentage of Scal®ckit” (0.69%) cells resembled the previous group.
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Chicago, Illinois, USA). A probability of p<<0.01 was con-
sidered statistically significant.

Results

The normal weight gain pattern was not observed in the
pesticide exposed mice group throughout the experimental

Percentage (%) of Sca1+c-kit+ cells during different time
of the disease progression
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Fig. 4. The quantitative distribution chart of Scal*ckit™ cells with-
in the bone marrow of the normal and pesticide exposed animals
at different time course of the experiment, expressed as percent
mean.

period. After 90 days the averaged weight of the animals
were 21%+2.75 gms compared to the normal controls
(26.0=2.0 gms) (Fig. 1). Hair loss and skin lesions were
visible after 30 days of exposure which were recovered
substantially after 50~70 days. Mice with pesticide ex-
posure showed large erythroid spleens (Fig. 2B) compared
to the normal counterpart (Fig. 2A) and retardation of
general body growth and maturation.

Peripheral blood

In order to ascertain the clinical status of the disease,
the hemogram of the peripheral blood including hemoglo-
bin percentage, reticulocyte, WBC, neutrophil and platelet
counts were determined following standard laboratory
techniques. The results (Table 1) showed a moderate de-
pression in the hemoglobin level with uniformly reduced
corpuscular counts including WBCs, RBCs and neu-
trophils in the experimental group of animals compared
to the normal. The average reticulocyte counts were sig-
nificantly low (0.43%) in the experimental group through-
out the course of the study, compared to the normal
(0.89%).

Flowcytometric characterization of sca-1"c-kit™ cells

Phenotypic characterization of Sca-1"c-kit™ population
in bone marrow derived cells, indicated a significant low-
ering in the primitive stem cell population in the initial
phase (30 days post exposure) of the pesticide exposure

Fig. 5. (A) The short term adherent cell colony (STACC) derived from normal bone marrow adherent cell culture at day 16. Colonies
were colorless and compact. (B) Absence of prominent adherent cell colony after 16 days of bone marrow adherent cell culture from
the pesticide exposed group of mice. This image has been taken from the 90 days post pesticide exposed group of mice. However very

low number of small colonies can be identified in that group.
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Fig. 6. The quantitative distribution chart of STACC data from nor-
mal and pesticide exposed animals at different time course of the
study, expressed in - no. of colonies/10,000 cells.
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with a value of 1.46% (Fig. 3B) Sca-1"c-kit” cells com-
pared to the normal value of 9.33% (Fig. 3A). In the later
phase (60™ to 90™ days post exposure), further, the per-
centage of Sca-1"c-kit" cells within the bone marrow de-
creased severely at the end of 60™ day (0.68%) (Fig. 3C)
and 90" day (0.69%) (Fig. 3D). The primitive Sca-1"c-kit
* population within the bone marrow of pesticide exposed
animals showed an overall scanty profile throughout the
time course of the experiment compared to the normal
(Fig. 4).

Short term adherent cell colony (STACC) forming assay

Marrow cellularity for the experimental group of ani-
mals was always less than that of controls throughout the
study. Short term adherent cell colony (STACC) for-
mation per femur in pesticide exposed animals (Fig. 5B)
was always depressed compared to the normal (Fig. 5A).
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Fig. 7. (A) Spontaneous E-rosette forming capacity of bone marrow
derived cells (BMC) from the different pesticide exposed groups of
mice compared with the normal. The pesticide exposed groups suf-
fered a significant decrease in the E-rosette forming capacity com-
pared to the normal. The 90 days post pesticide exposed group suf-
fered maximum damage to the immune cells in terms of E-rosette
forming ability. (B) The phagocytic capacity of the bone marrow de-
rived cells (BMC) from different pesticide exposed groups of animals
compared to the normal. The pesticide exposed groups showed a sig-
nificant reduction in the phagocytic capacity compared to the normal
control group. (C) Cytotoxic efficacy of the bone marrow derived
cells (BMC) from different pesticide exposed groups of animals com-
pared with the normal. The pesticide exposed groups showed a sig-
nificant reduction in the cytotoxic efficacy compared to the normal
healthy group.
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The quantitative chart of STACC (Fig. 6) showed that,
colony forming ability of the bone marrow derived cells
decreased significantly with the increase of the days of
exposure. In the initial phase (30 days post exposure), the
experimental group of animals showed 67% reduction in
the number of colonies formed compared to the normal
control group. After 60th day, the reduction in the number
of colony was more severe with a value of 79%. By 90"
day the experimental animals showed 92% reduction in
the STACC compared to the normal counterpart. The
mean STACC for the experimental group was only 21%
of the control value throughout the study.

Immune functional efficacy of the bone marrow
derived cells

The cells isolated from the bone marrow of experimen-
tal and control groups of animals were assayed for im-
munological efficacy from three different aspects a) spon-
taneous E-rosette formation b) phagocytic capacity ¢) cyto-
toxic efficacy.

Spontaneous E-rosette formation: Bone marrow de-
rived cells from pesticide exposed aplastic anemic mice
showed a significant decrease in spontaneous rosette form-
ing capacity compared to that found in normal control
mice (p<0.001) (Fig. 7A). The decrease became more sig-
nificant with the progression of time.

Phagocytic capacity: Phagocytic capacity as observed
by NBT reduction test revealed a decreased efficacy in ex-
perimental group of mice compared to the normal coun-
terpart (p<0.001) (Fig. 7B). The decrease became highly
significant after 90 days post pesticide exposure.

Cytotoxic efficacy: As evident from the data (Fig. 7C)
the cytotoxic efficacy of the bone marrow derived cells
were found to be highly reduced (p<0.005) in pesticide
exposed experimental group of mice compared to that of
normal mice.

Discussion

Usage of potentially hazardous environmental toxicants
like pesticides lead to development of various types of
morphological, physiological and biochemical changes in
various mammalian cells which suppress the normal im-
mune response to invading pathogens (22). Improper us-
age of pesticides resulted in neurological and hemato-
logical complications in individuals. The degree of im-
munotoxicity depends upon the nature of pesticides, their
environmental concentration and factors such as temper-
ature, humidity, pH etc.

The present study represented an effort to develop an

animal model of chronic aplastic marrow failure following
long term pesticide exposure in swiss albino mice. We
have used a 5% aqueous mixture of common agriculturally
used pesticides for the potential induction of hypoplasia
in the experimental animals. The disease progression was
monitored by peripheral blood hemogram. Mice with
chronic pesticide exposure generally showed markedly er-
ythroid spleen which signifies the increase in extra-
medullary hematopoiesis in aplastic anemia. The physio-
logical and morphological changes in the bone marrow
was associated with quantitative depression in the number
of pluripotent stem cells (Scal c-kit" cells) and signifi-
cant decrease in the short term adherent cell (STAC) col-
ony formation. The immune functional capacity of the
bone marrow derived cells showed deterioration in the
pesticide exposed group of animals.

During the disease progression the bone marrow failure
got reflected in the peripheral blood pancytopenia that in-
cludes neutropenia, thrombocytopenia and declined hemo-
globin level along-with moderate to severe decrease in the
number of reticulocytes. In the initial phase (30 days post
exposure) of the study the peripheral blood showed mod-
erate depression in the blood cell and the depression was
significantly increased after 60™ and 90™ days of pesticide
exposure. The scanty peripheral blood profile reflected the
bone marrow failure characterized by damage of primitive
stem cell (Scal “c-kit™ cells) population that has long term
repopulating (LTR) activity. Here we wanted to show the
quantitative damage done to this primitive population
during different stages of the disease progression. During
the initial phase (30 days post exposure) of the study, the
percentage of scal "c-kit™ cells (1.46%) was significantly
affected compared to the normal (9.33%). In the latter
phase (601h to 90™ days post exposure), the percentage of
scal Tc-kit™ cells declined which (0.68% and 0.69%) in-
dicated a permanent and prolonged defect in the stem cell
proliferation leading to severe marrow failure and death
(23-25).

The pesticide induced bone marrow damage can affect
the hematopoietic stem cell (HSC) population or the ad-
herent stromal cell population or may affect the both
(26-28). Short term adherent cell colony formation
(STACC) per femur was used as a quantitative assay to
show the defects in the adherent stromal cell population
which played vital role in hematopoiesis and probably the
representative of the in vivo microenvironment, after ch-
ronic pesticide exposure. The correlation between defects
in the adherent cells with bone marrow failure was first
indicated by Hays et al and Anderson et al, who showed
that confluent adherent cells derived from marrow failure
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mice failed to support stem cells as well as adherent cells
from normal mice. For effective hematopoiesis it is essen-
tial to have an intact microenvironment (stromal cells)
upon which the HSC self-renew and differentiate.
Therefore, the failure of HSC in aplastic anemia can be
the result of damage of the adherent stromal cells. The
functional role of stromal cells was investigated in vitro
through colony forming assay. Short term colony forming
ability by the adherent stromal cell population was pro-
foundly depressed in pesticide exposed group of animals
throughout the time course of the experiment. With the
progression of the disease the colony forming ability was
almost 92% decreased compared to the normal at the end
of 90™ days post pesticide exposure. The quantitative de-
pression in the primitive scal "c-kit™ HSC population is
dependent on this adherent stromal cell damage and the
stromal damage plays an important role in limiting the
hematopoiesis. More likely, pesticide affects stromal cells,
as measured by STACC assay, and hematopoietic stem
cells, as documented through flowcytometric analysis, in
the same degree. The marrow failure may have occured
because of an imbalance in the replication and differ-
entiation between the marrow stem and stromal progeni-
tor cells. Pesticides apparently damage the hematopoietic
stem and stromal cells to cause impairment in the hema-
topoiesis and thereby leading to severe bone marrow fail-
ure and death of many of the animals.

The functional efficacies of the bone marrow derived
cells were found to be significantly depressed in terms of
E-rosetting, phagocytic capacity and cytotoxic efficacy
compared to the normal through out the due course of the
experiment. Decreased E-rosetting capacity, deficient
phagocytic capacity and reduced cytotoxic efficacy can ac-
count for both a quantitative and qualitative deterioration
of the bone marrow cells under the condition of severe
bone marrow suppression following chronic pesticide
exposure.

In conclusion, pesticide damages the hematopoietic
stem and stromal cell population both quantitatively and
qualitatively to induce impairment in the normal hema-
topoiesis and thus ultimately leads to severe bone marrow
failure with concurrent prevalance of the disease aplastic
anemia.
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