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a b s t r a c t

Karwinskia humboldtiana fruit (Kh) causes a neurological disorder 3–4 weeks after inges-
tion, characterized by flaccid, symmetrical, ascending paralysis, similar to the Guillain–
Barre syndrome. In this polyneuropathy the lesion (demyelization) in peripheral nerves
has been described in several animal species, both in acute and in chronic intoxication.
However, no reports exist about the presence of lesions in the Central Nervous System
(CNS), in chronic intoxication. We considered it important to evaluate, with histological
techniques, the possible presence of lesions in the brain, by using a model of chronic
intoxication that reproduces the same stages present in the human intoxication, to better
understanding of this pathological process. In our present work we fed the ground Kh fruit
to Wistar rats and samples of brain, cerebellum, and pons were embedded in paraffin.
Sections were stained with Hematoxylin & Eosin (HE) and special stains for nerve tissue.
Histopathological changes were evaluated in the CNS through the different stages of the
polyneuropathy and comparison to a control group.
With this methodology, we found lesions in the motor pathway. This is the first report
about the presence of neuronal damage caused by Kh in the Central Nervous System in
chronic intoxication.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Karwinskia humboldtiana (buckthorn), also known as
tullidora, capulin tullidor, and coyotillo, is a poisonous
plant that grows extensively in Mexico, the southern
United States, Central America, Caribbean countries, and
northern Colombia (Knight and Watter, 2001).
fax: þ52 81234313.
da-Saavedra).

. All rights reserved.
In the seeds of this plant are found the toxic compounds,
known as T-514 or Peroxisomicine (PA1), T544, T496, and
T516, belong to the group of (9,10)dihydroxy-anthrace-
nones, responsible for its toxicity (Dreyer et al., 1975; Rivas
et al., 1990; Waksman and Ramirez, 1992). Accidental or
experimental intoxication by ingestion of buckthorn fruit
causes, 3–4 weeks later, a distal, ascending, symmetrical,
progressive flaccid paralysis of the limbs, both in humans
and in animals. Histopathological findings include demye-
lination and axonal degeneration in the peripheral nervous
system (PNS). During the first two weeks after ingestion of
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Fig. 1. Stereotaxic coordinates from analyzed regions, 1: pons, 2: cerebellum
and 3: motor cortex.
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the fruit, and preceding the appearance of neurological
signs, upper respiratory and gastrointestinal symptoms are
present (Bermudez et al., 1986; Arellano et al., 1994; Mar-
tı́nez et al., 1998). Depending on the amount of fruit
ingested, death may appear after 24–48 h with signs and
symptoms of acute respiratory illness and cardiac arrest.
Histopathological findings include extensive damage to the
lungs, liver, and kidney with the absence of neurological
damage. The severity of signs and symptoms is propor-
tional to the dose of ingested fruit (Bermudez et al., 1986,
1995) in humans. During experimental intoxication in the
rat, neurological damage may revert to complete recovery
after 6–12 months (Bustamante et al., 1978; Arellano et al.,
1994; Salazar et al., 2006).

Most of the published reports describe the demyelin-
ation and axonal changes in the PNS (Escobar and Nieto,
1965; Charlton and Pierce, 1970; Muñoz and Chavez, 1979;
Muñoz et al., 1983; Bermudez et al., 1986; Salazar et al.,
2006). Only three reports describe the presence of damage
to the Central Nervous System (CNS) during the acute
intoxication caused by high doses of ingested K. hum-
boldtiana. In the studies cited, CNS samples were collected
soon after intoxication (Padrón, 1951; Padrón and Veláz-
quez,1956; Ortiz et al., 1992). In a previous report our group
described a model of chronic intoxication with the ground
fruit of K. humboldtiana given in small fractionated doses
that produced a clinical picture similar to that observed in
the chronic intoxication in humans; demonstrating the
presence of progressive damage to the PNS related to
neurological signs, such as paralysis, and up to recuperation
of the clinical signs, and reversal of histopathological
findings (Salazar et al., 2006). By following the same model
of intoxication we have now collected samples from several
CNS regions related to the motor functions of rats intoxi-
cated with the ground fruit of K. humboldtiana. These
samples were evaluated by histological methods to identify
if damage to the CNS is present in this model.

2. Material and methods

2.1. Animal treatments and tissue collection

Tissue samples for this study were obtained from rats
treated in the same manner as in the animal model
described and published elsewhere (Salazar et al., 2006).
Briefly, male or female Wistar rats (n¼ 25) were distributed
into 4 groups of 5 rats each and one control group of 5
untreated rats. The animals were kept under standard
laboratory conditions. After a 6-h fasting period, oral doses
of dried ground and sifted buckthorn fruit in an aqueous
suspension were given through an esophageal tube. One
dose of 1.5 g/kg (day 0) was followed by a single dose of
0.5 g/kg at days 3, 7, 10, and 14 after the initial dose (total
dose 3.5 g/kg). The control group received only water. All
rats were clinically evaluated. Body weights were recorded
every day during the first 2 weeks, every other day from
weeks 3 to 8, and once a week until the end of the obser-
vation period 112 days after the initial dose. Clinical eval-
uation includes appearance of the hair, spontaneous
mobility, muscular tone, walking abnormalities, respiratory
frequency, hair loss, limb weakness, and paralysis.
Rats were killed by cervical dislocation at different
intervals after the first day of dosing, at which time samples
from the control rats were collected (group I). The second
group was killed before the onset of paresis at day 24
(group II). A third group was killed when rats had paresis at
day 48 (group III). The fourth group were rats with paralysis
and were killed at day 58 (group IV). The fifth group (group
V) were rats that showed complete recovery from paralysis
and were killed at day 112.

2.2. Histological procedures

The brain, cerebellum, and pons were obtained and
placed in a fixative solution of 10% buffered Formalin, pro-
cessed by routine histological techniques, and embedded in
paraffin. The histological evaluation was made on 10-mm
tissue sections of brain, cerebellum, and pons. Tissue
sections were stained by the hematoxylin–eosin (HE)
method and the Klüver–Barrera (Klüver and Barrera, 1953),
Cresyl Violet (VC) (Einarson, 1932), and Marsland–Gless–
Erickson (MGE) (Marsland et al., 1954) techniques.

2.3. Morphometric analysis

This evaluation was done on 5 animals of each group.
From each block, two 10-mm sections were obtained, 30-mm
distance from one another. These sections were mounted
onto slides and examined under a microscope at 40�. Digital
high-resolution images were obtained with a Nikon Micro-
scope Eclipse 50i and an image analysis system Digital Sight
dDS-2Mu. Cells were counted in three different random
fields. Of the total amount of cells counted for each group,
standard deviations and variance analyses were obtained
and a Tukey’s Test was done with statistics software SAS
(SAS Institute, 1998) with a significance level of P� 0.05,
analyzing both the control and experimental groups.

2.4. Pons analysis

Vestibular-nuclei neurons and corticopontocerebellar
tracts, located at position Bregma �9.0 mm to �10.08 mm
(Fig. 1) according to the Paxinos coordinate description
(Paxinos and Watson, 2005) were analyzed. An area of
100�150 mm was selected and the next three areas were
chosen for cell counting.
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2.5. Cerebellum analysis

Purkinje neurons (PC) were found at position Bregma
�12.0 mm to �13.08 mm (Fig. 1) (Paxinos and Watson,
2005). The PCs were counted in the first selected field and
the next three fields following the layer of the PCs for a total
length of 3000 mm.

2.6. Motor cortex analysis

The nerve tracts in the white matter and the internal
and external pyramidal neurons were located at position
Bregma 0.84 mm–2.04 mm (Fig. 1) (Paxinos and Watson,
2005). Neurons located in a selected area of 15,000 mm and
in the next 20 fields were counted. Apoptosis was evaluated
in each selected area by the TUNEL technique according to
the Trevigen kit instructions.

3. Results

The CNS damage that developed in this animal model
was evaluated at different stages; before the onset of paresis
at day 24 (group II), the paresis once established at day 48
(group III), at the paralysis stage at day 58 (group IV), and
during paralysis recovery at day 112 (group V). The results
were compared to the control group (group I).

3.1. Examination of the pons by light microscopy

Neurons of vestibular nuclei from rats in group I showed
a multipolar appearance, with a central nucleus and
nucleoli and a homogenous staining pattern of the Nissl
substance (Fig. 3A1) In groups II and III, changes related to
chromatolysis were observed, such as loss of multipolar
appearance, increased cell volume, hyperchromasia, and
Nissl substance migration towards the cell periphery,
leaving a clearly shown nucleus and nucleoli (Fig. 3A2 and
A3). In group IV, cell volume and hyperchromasia decrease
(Fig. 3A4). In group V the neurons resemble the control
appearance, although some cells showed increased volume
and hyperchromasia. Morphometric analysis of the cell
number and volume showed no statistically significant
differences. In group I corticopontocerebellar tracts appear
well organized, with linear axons of uniform thickness
(Fig. 3B1). Groups II (Fig. 3B2) and III (Fig. 3B3) showed
a progressive increase in axonal thickness. In group II the
thickening affects a few axons and in group III a majority of
them. In group IV the regular linear array is lost and
a sinuous appearance is observed (Fig. 3B4).

Most of the axons show thickening. In group V a slight
reorganization of tracts was observed with persisting
segmental thickening in most of the axons (Fig. 3B5).
Myelin sheaths had no alterations in these regions (results
not shown).

3.2. Findings in the cerebellum

The Purkinje cell monolayer was located between the
molecular (ML) and granular (GL) layer in group I (Fig. 2B1).
The main changes observed in experimental groups were
pycnosis (Fig. 2B2) and signs of chromatolysis, such as
peripheral Nissl substance, and a clearly visible nucleus
(Fig. 2B3). In the paralysis stage (group IV) these alterations
were present in each PC and a decreased number of PCs
that left areas without cell profiles (Fig. 2B4). In the recu-
peration stage (group V) some cells appeared recovered
whereas areas lacking PCs are also found (Fig. 2B5). There
appears to be a migration process of PCs that were found in
the GL and of glial cells that were found at the PC location
(gliosis) (Fig. 2B6).

Morphometric evaluation revealed a decreasing
number of PCs in the experimental groups compared to the
control group (Fig. 2A1). There appeared cells with
a different morphology related to a degree of damage.
(Fig. 2A2). Based on the different morphological features,
we classified these cells as NN – normal neurons, CN –
neurons with chromatolysis, HN – neurons with retraction
and hyperchromasia, and PN – pycnotic neurons (Fig. 2A2).
By looking at the number of each neuron type present as
intoxication proceeds, we found that whereas NN
decreases, beginning in group II there is a progressive
increase in HN up to the paresis stage, and in group II the
type CN was found. Finally there is a progressive increase of
the CN type (Fig. 2A2).

3.3. Motor cortex findings

In control group, pyramidal internal and external
neurons show a normal histology (Fig. 3C1). The main
changes found in these neurons were related to staining
properties. In the control group neurons showed a baso-
philic cytoplasm, later there appeared a mixture of baso-
philic and eosinophilic cells (Fig. 3C3), and finally most of
the neurons showed an eosinophilic cytoplasm (Fig. 3C5).
Between internal and external layers the main differences
were the times of appearance of this staining pattern. In the
internal pyramidal layer a mixture of basophilic and
eosinophilic cells was observed in groups III and IV,
whereas in the external layer this pattern of neurons only
appeared in group III.

Morphometric analysis of cell number and volume did
not show any statistically significant differences (results
not shown).

In the white matter, the nerve tracts showed no alter-
ations in the samples stained for myelin demonstration
(KB staining). In the control groups, silver-impregnated
sections (MGE) (Fig. 3D1) showed linear axons with
a parallel array. In the experimental groups, normal axon
morphology was maintained, losing only the linear parallel
array (Fig. 3D3), there are spaces between axons. Also there
is a decrease of oligodendrocytes beginning in group II
(Fig. 3D4) and up to group V (Fig. 3D5).

4. Discussion

Although K. humboldtiana causes a severe poly-
neuropathy, with nerve fiber demyelination in chronically
intoxicated rats (Salazar et al., 2006), to date there have
been no studies regarding the possible damage to neurons
in this type of intoxication. Only in the acute intoxication
has damage to neurons in the spinal cord, pons, motor
cortex, and hippocampus been reported, appearing shortly



Fig. 2. (A1) Control stage: total population number of PC (dark bar) and experimental population of PC (gray bar) in 3000 mm linear field. It shows progressive
increase of injure and the lack of PC in recovery stage. P� 0.05. (A2) Morphometric analysis of the different degrees of injury in PC. Paresis stage. Notice the
increased number of hyperchromic neurons (HN). In recovery stage number of HN diminishes as PC with chromatolysis signs (CN) increases. P� 0.05. (B) Rat
cerebellum. Cerebellar cortex CV staining (B1). Control shows normal Purkinje cells (PC) as a monolayer. Stage prior to paresis (B2): pycnosis and hyperchromasia
of PC was observed ( ). Paresis stage (B3): shows progressive changes; chromatolysis was observed ( ). Paralysis stage (B4): shows empty spaces in the PC
monolayer (box). Recovery stage (B5): gliosis was observed in spaces left by PC (box). (B6): representative section of paralysis stage with silver impregnation,
notice PC ( ) into granular layer (GL) and gliosis ( ). Bar¼ 20 mm.
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after intoxication (Padrón, 1951; Padrón and Velázquez,
1956; Ortiz et al., 1992).

In our present report, all microscopically evaluated
areas of the CNS showed damage to neurons. In the pons,
Padrón and Velázquez (1956) describes a diffuse alteration
‘‘of neurons in nuclei of the pons during acute intoxication
in the rabbit’’. Now we are reporting that there are
morphological changes related to chromatolysis present in
most neurons of the pons nuclei. Chromatolysis appears as
a reaction to axon injury (Schwab and Bartholdi, 1996). The
corticopontocerebellar tracts showed alterations beginning
in stage I of intoxication and present even at the recovery
stage. It may be that damage to these axons is the cause of
the chromatolysis seen in the corticopontocerebellar
nuclei, where their corresponding neurons are located. This
lesion in the pons may be related to the equilibrium loss
that appears before paralysis in intoxicated rats (Salazar
et al., 2006).

In the cerebellar cortex we found a loss of PCs in some
areas. All experimental groups showed a progressive
decrease in the number of PCs, and even in the recovery
group there were less PCs than at the paralysis stage. With
silver impregnation, we found that cells resembling PCs
appear to migrate to the GL, where they may be found, up to



Fig. 3. (A) Vestibular nucleus. CV stain. (A1) Control shows normal multipolar neurons ( ). (A2) Stage prior to paresis shows hyperchromic neurons of increased
cell volume ( ). (A3) Paresis stage and (A4) Paralysis stage shows progressive changes. Chromatolysis was observed ( ); recovery stage (A5) shows similar changes
to the ones present in paresis stage ( ). Bar¼ 10 mm. (B) Corticopontocerebellar tract: silver impregnation for axons. (B1) Control, normal axons and myelin sheath.
(B2)Stage prior to paresis and (B3) paresis stage, axons with increased thickness ( ) and myelin sheath disorganization ( ). Paralysis stage (B4). Injuries increased
in axons ( ) and in myelin sheath ( ) Recovery stage: (B5) changes remaining ( ). Bar¼ 20 mm. (C) Motor cortex. Inner pyramidal layer, H&E stained. (C1) Control
shows normal pyramidal neurons ( ). (C2) Stage prior to paresis shows only neurons with basophilic cytoplasm ( ). (C3) Paresis stage shows neurons with
basophilic cytoplasm ( ), and others with eosinophilic cytoplasm ( ). (C4) Paralysis stage, same changes are accentuated. Recovery stage (C5), eosinophilic
neurons only ( ). Bar¼ 20 mm. (D) Motor cortex. Silver impregnation for axons. (D1) Control shows normal axons ( ). (D2) Stage prior to paresis shows zones with
axonal disorganization ( ). (D3) Paresis stage shows axonal ( ) and oligodendrocytes ( ) disorganization. Paralysis stage (D4), same changes in axons are
accentuated; in addition the population of oligodendrocytes falls ( ). (D5) Recovery stage shows diminution of axonal injury ( ). Bar¼ 20 mm.
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the recovery stage. In mice with chronic ethanol exposure,
PC loss has been reported (Mitra and Nagaraja, 2008). One of
the main functions of PCs is the control of movement (Afifi
and Bergman, 1999, Thach, 1998). Damage to these neurons
causes movement alterations, which are present during K.
humboldtiana intoxication. To investigate if neuron loss is
caused by an apoptotic mechanism, the TUNEL reaction was
used, with negative results in all areas studied. Besides
neuron loss, there were also changes present in PC
morphology, which showed retraction, hyperchromasia,
and pycnosis. In the literature there appear a number of
reports describing damage to the cerebellum by chemical
agents (Takahashi et al., 1994; Branch and Jacqz, 1986;
Cavanagh, 1954) and plants (Carod, 2003). Padrón Veláz-
quez (1956) describes diffuse alterations in PCs in rabbits
intoxicated with K. humboldtiana. In our work, we found
morphologically different PCs. This variation is probably
caused by the presence of different degrees of damage.
According to their morphological features, PCs were
classified as NN – normal PC, CP – PC with chromatolysis, HN
– hyperchromic and retracted PC, and PN – pycnotic PC.

Following the numbers present in each of these PC types
during the stages of intoxication, we observed that whereas
NN decreases the other types tend to increase, as if one type
gives rise to the others, depending upon the degree of
damage. In the cerebral cortex, pyramidal internal- and
external-layer neurons also showed toxic effects caused by
K. humboldtiana. The affected neurons showed changes
related to ischemia and hypoxia. A prominent feature was
the change in staining affinity shown by the PC. Several
authors associate these kinds of changes as caused by the
alteration of cytoplasm and the nuclear pH, and to the
presence of a metabolic stage before necrosis (Yamaoka
et al., 1993; Jackson et al., 1995; Kofke et al., 1996; Rose-
nblum, 1997; McD Anderson and Opeskin, 1998; Adogwa
et al., 1999). In our study no signs of necrosis or apoptosis
were found. In the cerebral cortex no chromatolysis was
found. The lesser degree of damage present in cortical
pyramidal neurons could be caused by the blood–brain
barrier. Another important observation is that lesions in
CNS neurons are still present during the clinical recovery
stage. It is not known if this neuronal damage can cause
later symptoms or neurological signs in recovered animals.
In our study, for the first time we demonstrated that the
fruit of K. humboldtiana ingested by rats causes morpho-
logical damage to both neurons and neural tracts in the
pons, cerebellar cortex, and the cerebral motor cortex, with
different degrees of damage. It remains to be determined if
this neuron damage appears before or after peripheral
nerve demyelination and to determine if myelin destruc-
tion is of a primary or secondary nature. By evaluating
samples from the CNS over shorter periods of time, the
onset of these changes can be identified to better charac-
terize this CNS neuronotoxic effect of K. humboldtiana. Late
effects on animal behavior because of CNS damage are
presently being investigated in our laboratory.
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