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A B S T R A C T

Ipomoea carnea subsp. fistulosa (Convolvulaceae) causes poisoning of goats, sheep and cattle in many
tropical and subtropical countries. The pathophysiology of this poisoning mainly involves an abnormal
glycoprotein metabolism. The aim of this study was to describe the potential toxicity of I. carnea in a
guinea pig model through its effect on hematopoiesis in a time course study of 40 days. Experimental
poisoning was achieved by feeding animals with “small balls” prepared with milled leaves of I. carnea
mixed with commercial crushed pellets for rodents. Hematologic and biochemical parameters, bone
marrow and spleencellularities, histopathologic evaluations and lectin-histochemistrywere performed
during the scheduled time of the study.The treatment with “small balls” caused significant changes in the
weight of spleen, a notable decrease in peripheral red blood cells, and concomitantwith morphological
and histopathologicalalterationsin hematopoietic tissues. Overall, the present study suggested that
20 days ofthis treatmentcouldbe enough to develop bone marrow hypoplasia and vacuolation of white
cells of spleen, blood and lymph nodes with a transient erythropoietic contribution of the splenic niche.
Moreover, this work provides a cheap and simple method for detecting preclinical cases of intoxication by
I. carnea in livestock.

ã 2015 Elsevier GmbH. All rights reserved.

1. Introduction

The intoxication of goats, sheep, and cattle by Ipomoea carnea
subsp. fistulosa (Convolvulaceae) has been reported in the
northeastern region of Argentina (Ríos et al., 2012) and in other
tropical and subtropical countries (Austin and Huaman, 1996).
Different toxic alkaloids have been isolated from this plant:
swainsonine (SW) and the calystegines A3, B1, B2, B3, and C1 (de
Balogh et al., 1999; Haraguchi et al., 2003; Cholich et al., 2009). SW
is a powerful inhibitor of lysosomal a-mannosidase and Golgi
mannosidase II and the calystegines inhibit the lysosomala-
galactosidase and b-glycosidase (Dorling, 1984; Tulsiani et al.,
1988). The abnormal glycoprotein metabolism causes immuno-
logical dysfunction, neuropathy, aberrant embryogenesis, gastro-
intestinal alterations and disbalance of the endocrine system (de
Balogh et al., 1999; Hueza et al., 2005; Barbosa et al., 2006).

Severe anemia was reported in this type of intoxication; based
on this, some studies have demonstrated that altered mannosidase
II activity, results in dyserythropoiesis (Chui et al., 1997). On
the other hand, it is well known that the bone marrow the
mainhaematopoietictissue responsible for the production of about
500 billion blood cells daily in form of red blood cells and white
blood cells, platelets (Adewoye et al., 2013). It has been reported
decrease of total bone marrow cellularity in adult rats intoxicated
with I. carnea (Hueza and Górniak, 2011).

This toxicity is characterized by lysosomal vacuolization of cells
from different organs and tissues, including the lymphocytes,
pancreatic acinar cells, spleen, hepatocytes, liver and macrophages
of the lymphatic tissues and neurons of CNS (Armién et al., 2007;
Ríos et al., 2012).

We previously have developed an experimental model using
guinea pig to study I. carnea toxicosis. It was useful to clarify the
pathogenesis of plant-induced storage diseases(intoxications with
the genera Ipomoea,Swainsona, Astragalus, Oxytropis, Sida, and
another plants not fully characterized) (Cholich et al., 2009).

The literature extensively reports the intoxication of livestock
by the ingestion of I. carnea at different doses and describes clinical
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signs and morphologic lesions in animals (Armién et al., 2007).
Moreover, there are several papers that compare the intoxication
focusing on the lesions induced by the ingestion of the whole
Ipomoea plant with those produced by the purified SW (Hueza
et al., 2005; Stegelmeier et al., 2008).

However, there is a limited knowledge, concerning thehema-
totoxic effectsof I. carnea using an in vivo model through a time-
course study.

Thus, the aim of this study was to evaluate the potential toxicity
of I. carnea in a guinea pig model through its effect on peripheral
blood parameters and haematopoieticorgans (bone marrow and
spleen) along 40 days of study.

2. Materials and methods

2.1. Preparation of plant material

The plant was identified as I. carnea subsp. fistulosa from the
Convolvulaceae family, known in Northern Argentina with the
common Guarani names of “mandiyura” or “aguape”. Polyhydroxy
alkaloids were detected as chemical constituents of these plants,
including SW, calystegine B1, calystegine B2, calystegine C1, and
trace amounts of calystegines A3 and B3. The SW concentration
was 0.02%, whereas the mean levels of calystegine were 0.05%
(Cholich et al., 2009). I. carnea leaves were dried al 37 �C for 72 h
and milled. Commercial guinea pig pellets were crushed, hydrated
and mixed with milled leaves of I. carnea for making “small balls”. A
50:50 (vol/vol) mixture of pellets and dry milled leaf matter was
used in this study.

2.2. Animals and experimental treatment

Eight 4-week-old male Hartley guinea pigs (253 � 22 g) were
supplied by the Bioterio of the Faculty of Veterinary Sciences,
Northeast National University. The animals were housed individu-
ally in a temperature-controlled room (23 � 2 �C) with relative
humidity between 35 and 65%. Lights in the animal room were on
from 6 AM to 6 PM. The animals (n = 12) were divided at random
into three groups: (I) control, (II) 20 days and (III) 40 days I. carnea-
induced toxicity.

Animals from Group (I) were fed ad libitum with commercial
pellets. Animals from Groups (II) and (III) were fed with 50 g/day of
I. carnea “small balls” for up to 20 and 40 days. Through the
consumption period, the animals were weighed weekly. Experi-
mental data from I. carnea treated groups were compared to the
control group.

2.3. Peripheral blood and mesenteric lymph nodes

Periodic peripheral blood samples were taken over 40 days by
puncture of an ear vein and stained with May-Gründwald-Giemsa.
Smears were examined, particularly for detecting vacuolated
lymphocytes. Mesenteric lymph nodes were collected immediate-
ly after euthanasia. Sections of tissue were embedded in paraffin,
cut at 5 mm and stained with hematoxylin and eosin (HE) for
histological examination.

Fig.1. Light microscopy of lymphocytes and mesenteric lymph nodes. (a) Vacuolated lymphocytes with large vacuoles from guinea pig exposed to Ipomoea carnea “small balls”
from the 5th day of intoxication onwards. It can be contrasted with normal cells in photograph (b). H–E Scale bar, 5 mm. Mesenteric lymph nodes from guinea pig exposed to
Ipomoea carnea “small balls” for 20 days, show macrophages containing numerous vacuoles (arrows) (c) can be contrasted with normal cells in photograph (d). H–E Scale bar,
20 mm.
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2.4. Haematological and biochemical parameters

Animals were previously anesthetised by an intramuscular
injection of ketamine hydrochloride (40 mg/kg) and xylazine
hydrochloride (5 mg/kg). The present study was approved by the
Ethics at Biosafety Committee of Faculty of Veterinary Sciences,
Northeast National University, Corrientes, Argentina.

Animals were then sacrificed and central blood was collected
from caudal cava vein with ethylenediaminetetraacetic acid (EDTA)
vacuumed blood collection tubes.Samples were used to determine
classical hematologic parameters: total white blood cells (WBCs),
total red blood cells (RBCs), hematocrits and hemoglobin (Hb). Cell
counts were determined using Neubauer haemocytometers. On the
other hand, packed cell volume (PCV) was done manually using
capillary microhematocrit tubes. Haematological indexes, such as
mean corpuscular volume (MCV); mean corpuscular haemoglobin
(MCH), and mean corpuscular haemoglobin concentration (MCHC),
were calculated from Hb, RBCs and PCV determinations. Peripheral
reticulocyte counts (%) were determined using cresyl brilliant blue
(1%) staining.

Alanine Aminotransaminase (ALT), Aspartate Aminotransami-
nase (AST), and lactate dehydrogenase(LDH) were assessed in
serum samples using a Zeltec 5000 spectrometer.

2.5. Bone Marrow

Total bone marrow cells were determined as described in the
literature (Alabsi et al., 2012) on the scheduled days. Briefly, bone
marrows were expelled from the femurs by flushing with 1 ml of
phosphate buffer solution (PBS). The total numbers of bone
marrow nucleated cells were determined using a

haemocytometer. Differential cell determinations were per-
formed by counting 1000 nucleated cells in May-Gründwald-
Giemsa stained smears (Carl Zeiss, Germany). Absolute cellular-
ities that made up each lineage in bone marrow (BM) samples
were calculated according to the percentages and the total
femoral cell counts of each animal.

2.6. Spleen

2.6.1. Spleen cellularity
The spleen was weighted and then cut in half. The whole organ

and the two pieces were weighted independently. One fragment was
usedto obtainsplenic cell suspension. The tissuewas passed through
a nylon mesh and the splenic cells were diluted with 0,5 ml of PBS.
Total splenic cell counts from control and treated animals were
obtained using a Neubauer chamber (Hueza and Górniak, 2011).

2.6.2. Splenic histopathology and lectin histochemistry
For routine histological analysis, spleens and lymphatic nodes

were fixed in phosphate-buffered formaldehyde and embedded in
paraffin. Samples were cut into 5 mm serial sections and stained
with H–E. Ten high-power fields were examined at random by two
blinded observers. The I. carnea-induced injury (e.g. vacuolization)
was evaluated in H/E sections. Images were taken with an Olympus
Coolpix-micro digital camera fitted on a Primo Star, Carl Zeiss
microscope.

Representative sections of the previously mentioned tissues
were submitted to lectin histochemical procedures. Briefly,
paraffin wax-embedded sections (5 mm) were used. After dewax-
ing, sections were treated with hydrogen peroxide 0.3% in
methanol for 30 min at room temperature (to inhibit the
endogenous peroxidase), rinsed several times in 0.01 M PBS (pH
7.2), and treated with bovine serum albumin 0.1% in PBS for 15 min.
The sections were then incubated for 1 h at room temperature with
biotinylatedlectins. Eight lectins (Vector Laboratories, Burlingame,
CA, USA) with different specificity were used, as follows: Con-A
(Concanavaliaensiformis, binding specificity a-D-Man and a-D-Glc);
SBA (Glycine max, binding specificity a -D-GalNAc, a-D-GalNAc and
a and b-Gal); PNA (Arachishypogaea, binding specificity b-D-Gal
and (1–3) GalNAc); RCA-I (Ricinus communis I, binding specificity
b-D-Gal and a-D-Gal); UEA-1 (Ulexeuropaeus I, binding specificity
a-L-Fuc); WGA (Triticum vulgaris, binding specificity a-DGlcNAc
and NeuNAc); sWGA (succinyl-WGA, binding specificity b-(1–4)-D-
GlcNAc), and LCA (Lens culinary, binding specificity a-Glc, a-D-
Man). The optimal lectin concentration was 30 mg/mlin PBS for all
lectins, except PNA, which was applied at a concentration of 10 mg/
ml. The slides were incubated with an avidin–biotin–peroxidase
complex (ABC) (Vector) for 45 min. The horseradish peroxidase
was activated by incubation for 1–2 min with a diaminobenzidine
commercial kit (DakoCytomation, Carpinteria, CA, USA). Speci-
mens were rinsed in distilled water, dehydrated with graded
ethanol solutions, cleared in xylene and mounted in Permount
(Fisher Scientific International Inc., Liberty Lane Hampton, NH,
USA). Controls for lectin staining included: exposure to horserad-
ish peroxidase and substrate medium without lectin; and blocking

Table 1
Haematological parameters in intoxicated guinea pigs with Ipomoea carnea in a time course study of 40 days.

Treatment (n = 4/group) P.C.V (%) Hb (g/dl) R.B.Cs (106/mm3) M.C.V. (fl) M.C.H.C (%) M.C.H (pg) W.B.Cs (/mm3) Reticulocytes (%)

Control 41.67 � 1.53 15.55 � 1.06 6.73 � 0.34 61.00 � 2.00 36.67 � 1.15 22.33 � 0.58 4200.00 � 529.15 4.50 � 0.71
47611,62

20 days 32.00 � 1.00a 11.16 � 0.42a 5.47 � 0.06a 57.33 � 2.08 34.33 � 1.15 19.92 � 0.13a 5700.00 � 953.94 2.93 � 0.51
40 days 29.67 � 1.15a 10.85 � 0.55a 5.07 � 0.32a 58.30 � 3.00 34.33 � 1.53 20.67 � 0.58a 5400.00 � 113.16 1.78 � 1.03a

PCV, packed cell volume; Hb, hemoglobin; RBCs, red blood cells; MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration; MCH, Mean
Corpuscular Hemoglobin; WBCs, white blood cells.

a Values � SD (standard deviation) are significantly different (P � 0.05) compared to control animals.

Fig. 2. Biochemical parameters in intoxicated with Ipomoea carnea guinea pigs in a
time course study of 40 days.
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by incubation with the appropriate blocking sugars (0.1–0.2 M in
PBS) for 1 h at room temperature before applying to the sections.

2.7. Scanning electronic microscopy (SEM)

A direct observation of the inner spleen and bone marrow
architecture post I. carnea treatment was essentially performed as
previously described (Juaristi et al., 2007). Briefly, samples were
dehydrated and dried to the critical point. They were exposed to
gold-palladium coating for 3 min. Samples were observed under a
scanning electronic microscope (JeoL JSM-5800 LV) and images
(original magnification 500x and 2000X) were obtained at
different time points of the experimental study.

2.8. Statistical analysis

Experimental results from haematological and biochemical
assays are expressed as the mean � standard deviation (SD).

Results of studies of bone marrow are expressed as absolute mean
cells/femur � S.E.M. Data represents results from a least three
separate experiments, each performed in triplicate. Differences
among means were tested for statistical significance using a
double-way ANOVA test followed by a Dunnett’s test. Statistical
analysis was performed using Infostat software. The level of
significance was set at P � 0.05.

3. Results

3.1. Effects on peripheral blood and mesenteric lymph nodes

Peripheral blood smears stained with May Grunwald Giemsa
stain revealed vacuolation of lymphocytes as typical feature of
toxic injury in I. carnea treatment animals. The cytoplasmic
vacuolations were noticed from the 5th day of intoxication and
they were frequently located at the cell periphery (Fig. 1a and b).
The treated experimental animals exhibited extensive vacuolation

Table 2
Changes in splenic tissue during Ipomoea carnea intoxication.

Treatment (n = 4/group) Total body weight (g) Spleen weight(g) Relative spleen weight (g/100 g body weight) aSpleen cellularity (�106 cells)

Control 397.33 � 44.46 0.56 � 0.11 0.15 � 0.01 16.45 � 2.04
203,65

20 days 314.67 � 63.72* 0.71 � 0.14 0.24 � 0.05* 24.34 � 2.46*

40 days 337.00 � 11.31* 0.58 � 0.01 0.17 � 0.02 7.57 � 6.14*

613,77

Data are expressed as mean � SD.
* P < 0.05 versus control group.
a number of splenocytes � 106/mL.

Fig. 3. Splenic histopathology. Histological changes in the spleen from guinea pig exposed to Ipomoea carnea “small balls” for 20 (a) and 40 (b) days. Cytoplasmic vacuolations
are observed in macrophage-phagocytic cells in the germinal centers of splenic white pulp (small arrows) and in the red pulp (large arrows) from 20 days of intoxication.
Changes are more intense by 40 days compared with the control animal (c). H–E. Scale bar, 20 mm. (For interpretation of the references to color in this figure legend, the reader
is referred to the web version of this article.)
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of the macrophages located in the mesenteric lymphnodes since
the 20th day of small balls ingestion. No significant histological
changes were found in control animals (Fig. 1c and d).

3.2. Hematologic parameters

As shown in Table 1, I. carnea caused a significant reduction in
hematocrits (P.C.V.), hemoglobin concentration, RBC, and mean
corpuscular hemoglobin (MCH) in treated animals from 20 days of
intoxication, compared to the control group. The alterations
persisted until the end of the experimental schedule (40 days).

MCV, MCHC and WBC did not show significant differences between
experimental groups.

The I. carnea toxicity primarily affects the erythroid compart-
ment rather than the leucocytes. WBC failed to reveal significant
alterations during the experimental schedule.

The minimal percentage of peripheral reticulocytes was noticed
on the treated group for up to 40 days (P < 0.05). However, the
reticulocyte percentages decreased in the treated group by the
20th day post I. carnea ingestion in a non-statistically significant
way compared to the control group (Table 1).

3.3. Biochemical determinations

Guinea pigs fedfor up to 20 and 40 days with I. carnea, presented
elevation of ASTlevels when compared to the control group
(P < 0.001). However, LDH and ALT levels remained similar to the
control in I. carnea fed groups (Fig. 2).

3.4. Effects on spleen

Body weight gain decreased in both treated groups, compared
to control group. Besides, a significative increment of the ratio
spleen/body weight was detected in guinea pigs treated for up to
20 days (about 1.6 fold compared to controls). Moreover, this group
exhibited a significant increment of splenic cellularity (1.5 fold)
when compared to control animals.In contrast, the splenic
cellularity decreased 2.2 fold by the end of the experimental
schedule (40 days); although the relative spleen/body weight ratio
remained within the normal range (Table 2).

Moreover, the histophatologic assessment of the spleen showed
the occurrence of vacuolated macrophages. This lesion was more
frequently observed in animals fed with I. carnea during 40 days
(Fig. 3a–c).

Macrophagicvacuoles stained positive with WGA, Con-A, and
LCA in both I. carnea treated groups of experimental animals. No
significant affinity was detected with the other lectins (SBA; PNA;
RCA-I; UEA-1 and sWGA) (Fig. 4a and b).

3.5. Effects on bone marrow

By day 20 erythroid absolute BM cellularity declined almost
3.98 times compared to control values (P < 0.0001); meanwhile the
myelocytes and lymphocytes exhibited significant reductions of
2.16 times, (P < 0.0001) and 1.83 (P < 0.0213) fold, respectively.
However, the monocytic lineage failed to show significant differ-
ences among experimental groups.

Total nucleated bone marrow cells decreased about 3.2 fold
(P < 0.0001) compared to controls by the end of the study.

Fig. 4. Lectinhistochemistry. The spleen of treated guinea pig exposed to Ipomoea
carnea “small balls” for 20 days is positive for WGA (a). In control animals spleen (b)
is negative for this lectin. Avidin–Biotin Complex method. Scale bar, 50 mm.

Table 3
Total and differential bone marrow cellularities during Ipomoea carnea intoxication.

Bone marrow

Total Series(�106cells)

Treatment (n = 4/group) acellularity (�106cells) Erythroidc Myeloidb Lymphocytes Monocytes M/E ratio

Control 24.00 � 4.24 8.27 � 0.01 10.13 � 0.48 4.84 � 0.01 0.03 � 0.02 1.22 � 0.11

20 days 10.50 � 0.71* 2.08 � 0.32* 4.68 � 0.72* 2.63 � 0.18* 0.05 � 0.03 2.25 � 0.02*c

40 days 7.50 � 0.71* 1.30 � 0.15* 3.49 � 0.03** 2.52 � 0.07* 0.32 � 0.01 2.68 � 0.34*c

Values are presented as means � S.E.M.
* P < 0.05 compared to control animals.
** P < 0.05 compared to treated animals at 20 days and control animals.
a number of nucleated cells � 106/mL.
b Segmented Neutrophils, Band Neutrophils, Metamyelocytes, Myelocytes, Promyelocytes, Myeloblasts, Eosinophils.
c Nucleated erythroid cells: proerythroblast, basophilic erythroblast, olychromatophilic erythroblast, normoblasts (orthochromatic erythroblasts) M/E ratio, Myeloid/

Erythroid ratio.
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However, the toxic effects of I. carnea were more evident on the
erythroid and lymphoid lineages (Table 3).

The histopathologic examination of bone marrow smears from
both treated groups, revealed the occurrence of vacuoles in
myeloid precursors and a seriously affected erythroid compart-
ment compared to the control group (Fig. 5a–c). Almost all
subtypes of erythroid lineage were gradually depleted by I. carnea
toxicity during the experimental study.

3.6. I. Carnea intoxication on SEM of bone marrow and spleen

Femur and spleen from different experimental groups were
obtained all through the experimental protocol and were
examined with a scanning electron microscopy for evaluating
the effect of the cytotoxic injury.

Splenic sections of control animals revealed high cellularity by
scanning electron microscopy. Fig. 6a exhibits splenic niche with
typical erythrocytes and rounded cells (lymphocytes). However,
poisoning caused changes of the splenic microenvironment in
experimental animals. The alterations were mainly noticed by the
40th day. Images (Fig. 6 b) show lower splenic cellularity than
controls. Splenic niche of intoxicated animals also exhibits stromal
disturbances and sinusoid vessels without integrity compared to
the untreated group.

The whole inner bone marrow architecture changed during the
experimental study with I. carnea toxic effects. Fig. 7a shows a
representative image of the inner bone marrow of an untreated
animal. The microenvironment exhibits high cellularity and cells
with different shape and size, indicating functional hematopoiesis.

The toxicity by I. carnea causes gradual decrease of total bone
marrow cellularity and induces dramatic alterations of the
hematopoietic niche. Representative image of the inner bone
marrow architecture of 40 days I. carnea treated group is shown in
Fig. 7b. A serious depletion of stromal and hematopoietic cells is
noticed. There are few erythrocytes within a net of extracellular
fibers. The cellular depletion noticed in the hematopoietic niche is
in agreement with the notable decrease of total bone marrow
cellularity by 40 days of poisoning.

4. Discussion

In ours previous studies, the cytoplasmic vacuolation observed
in neuronal and visceral tissuesand clinical signs were reported in
experimental guinea pigs, since 45 days of poisoning (Cholich et al.,
2009, 2013). Additionally, I. carnea-induced alterations in blood,
lymph, bone marrow and spleen of poisoning guinea pig are
demonstrated in the present study.

The occurrence the vacuolated lymphocytes in peripheral blood
smears from treated animals, arises promptly, within the first week
of intoxication. According to Huxtable and Gibson (1970), the
vacuolated lymphocytes appear before the onset of signs of
poisoning by Swainsona galegifolia and this may mean that the
vacuolating factor is absorbed via the intestinal lymphatics and is
accumulated by lymphocytes in the mesenteric lymph nodes
during the process of the recirculation. This observation was
confirmed in the present study, since the macrophagic cytoplasmic
vacuolation in mesenteric lymph nodes was noticed. Thus, this
finding encourage us to propose a simple, safe and cheap method

Fig. 5. Light microscopy of bone marrow. (a) Bone marrow decreased cellularity after 20 days of Ipomoea carnea feeding. Severe bone marrow depletion was observed after
40 days (b). Bone marrow microphotograph of a control guinea pig (c). May Grünwald Giemsa. Scale bar, 20 mm.
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based on using a peripheral blood smear test for swainsonine
poisoning by I. carnea for livestock in farms.

On the other hand, all treated guinea pigs developed
normocytic hypochromic anaemiaby 20 days of poisoning. It is
well known that the anaemiain poisoned animalsis induced by
intoxications with the genera Ipomoea, Swainsona, Astragalus,
Oxytropis, Sida, and others. However, the characteristic of the
anaemiadiffers among authors. It has been reported that plant-
induced storage diseases cause microcytic-hipochromicanaemia
(Stegelmeier et al., 1999), and normocytic normochromic anaemia
(Schumaher-Henrique et al., 2003). Although, both studies
demonstrated that the haematological changes were transitory
and sporadic within the same experimental group of treated
animals.In our study, the haematological alterations remained
until the end of the experiment.

It has been communicated that swainsonine poisoned mice
suffered anaemia with a further enhancement of reticulocyte
counts (Chenchen et al., 2015). Nevertheless, our experimental
data revealed a decrease in the number of reticulocytes. This
finding might be due to a non-regenerativeanaemia induced by I.
carnea ingestion by the end of the experimental schedule (40 days)
in the current guinea pig model.

In this experimental study I. carnea intoxication caused a
significant increase in the serum levels of AST since 20 day of

intoxication, probably resulting from hepatocyte membranes
damage. The main histopathologic lesion was vacuolation of
hepatocytes as reported in a previous study (Cholich et al., 2009).
These results are in agreement with other authorswho proposed
AST enhancement as a good indicator of subclinical toxicity
induced locoweed poisoning (Obeidat et al., 2004).

In addition, we detected vacuolar degeneration and enlarge-
ment of spleen in guinea pigs treated for up to 20 days. This
finding is in accordance with the report of Hueza and Górniak
(2011) using an adult rat model of intoxication with an I. carnea
aqueous fraction. The increment of the spleen size might be
explained as a compensatory response to anaemia, since the
splenic tissue in rodents is a classical secondary erythropoietic
source in demanding conditions. These results are in agreement
with other studies that have reported splenomegaly and
vacuolation in this organ (Hueza and Górniak, 2011; Armién
et al., 2011). However, in guinea pigstreated for up to 40 days,
we noticed the decrease in splenic cellularity that was
accompanied with the persistence of vacuolation.These findings
indicate that I. carnea-treated guinea pigs developed a transient
compensatory erythropoiesis in spleen followed by a swanso-
nine-induced toxicity in splenocytes.The decrease in the splenic
cellularity in guinea pigs fed with I. carnea has not been reported
previously.

Fig. 6. Scanning electron microscopy of hematopoietic tissues. (a) Representative
scanning electron microscopic image (1000�) of a splenic sample from untreated
guinea pig. The normal spleen microenvironment depicts predominance of small
rounded cells compatible with lymphocytes. (b) Scanning electron microphography
of 40 days I. carnea-treated intoxicated animal exhibit lower splenic cellularity than
control. Morphological alterations of the splenic parenchyma are noticed. Scale bar
represents 10 mm.

Fig. 7. The microphotography panel depicts a representative scanning electron
microscopic image of bone marrow samples from untreated (a) and 40 days I. carnea
intoxicated guinea pig (b) (500�). The salient feature of I. carnea induced injury is
the severe alteration of the inner bone marrow architecture. A notable depletion of
hematopoietic precursors is noticed. A net of the extracellular matrix structure with
matures erythrocytes inside the inner bone marrow environment is shown. Scale
bar represents 20 mm.
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Finally, this study demonstrates that total nucleated bone
marrow cells decreased since 20 day of intoxication, these more
evident on the erythroid and lymphoid lineages.

However, further research is needed to evaluate the putative
hematopoietic recovery, if the poisoned animals are removed from
the toxic plant.

We conclude that this study provides additional knowledge
about the effects of I. carnea poisoning on hematopoiesis that
might be useful as source of information to develop strategies for
minimizing livestock production losses.
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