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The neuroprotective effect of topiramate on the ultrastructure
of pyramidal neurons of the hippocampal CA1 and CA3 sectors
in an experimental model of febrile seizures in rats
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Ab s t r a c t

The objective of the current ultrastructural study was to explore the potentiality of the neuroprotective effect of TPM
against damage of pyramidal neurons in the hippocampal CA1 and CA3 sectors in an experimental model of febrile
seizures (FS) in rats. The FS group exhibited variously pronounced submicroscopic lesions of the neuronal perikarya,
including total cell disintegration. Advanced changes induced by hyperthermic stress were manifested by marked
degenerative abnormalities, such as substantial swelling of the mitochondria, dilation, degranulation and disinte-
gration of the granular endoplasmic reticulum, and vacuolar changes in the Golgi complex. The most substantially
damaged pyramidal neurons showed features of aponecrosis (so-called “dark neurons”), resulting in a marked neu-
ronal loss in the explored areas of the hippocampal cortex. The neurodegenerative changes were accompanied by
distinct damage to the blood-brain barrier components. The administration of topiramate at a dose of 80/kg b.m.
prior to the induction of hyperthermic stress (as prevention against febrile seizures) caused a substantial neuropro-
tective action – the drug efficiently lightened the neuronal damage, basically reduced cell aponecrosis and enhanced
cell viability. However, TPM applied directly after FS induction did not exert any distinct neuroprotective effect on
the perikarya of pyramidal neurons in the hippocampal cortex. 

KKeeyy  wwoorrddss::  febrile seizures, hyperthermic stress, topiramate, hippocampal pyramidal neurons, aponecrosis, ultra-
structure, rats.
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Introduction

Febrile (fever-induced) seizures (FS) are still the
most common problem in paediatric neurology. Brain
damage caused by repeated febrile seizures during
development is not only associated with an increas -
ed risk of epilepsy later in life, including temporal

lobe epilepsy [2,12,19,20], but according to some
authors is also harmful to the intellectual develop-
ment of a child [9,17]. Thus, it is very important to
reduce the related seizure-induced damage.
The current study was inspired by our histologi-

cal research associated with a semiquantitative mor-
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phometric analysis of the population of pyramidal
neurons performed on the rat ammonal cortex in 
an experimental model on warm water induced 
fe brile seizures and after application of a novel anti -
epileptic drug – topiramate (TPM) [15]. Our observa-
tions revealed that FS caused advanced neurode-
generative changes in the pyramidal neurons of the
hippocampal CA1 and CA3 sectors with over 50%
neuronal loss. Topiramate, especially when adminis-
tered before the seizures, considerably improved
pyramidal cell survival in these sectors, reducing the
loss of pyramidal neurons to 20%. A markedly lesser
degree of the neuroprotective effect of this drug was
observed when it was administered after the febrile
seizures [15]. 
We were also encouraged to extend our neuro -

pathological study with ultrastructural analysis by the
latest report of Chinese authors Huang et al. [6] con-
cerning in vitro investigations of the protective action
of topiramate on primary dopaminergic neuronal cell
cultures exposed to 6-OHDA toxicity. The authors
showed that the neuroprotective effect of TPM in
studied neuronal cell cultures involves cell apoptosis
reduction and enhancement of cell viability [6].
The present study aimed at exploring the poten-

tiality of the neuroprotective effect of TPM against
ultrastructural damage of pyramidal neurons in the
hippocampal CA1 and CA3 sectors caused by FS in
rats. This is a continuation of our electron-micro-
scopic research on the effect of topiramate on
selected structural CNS components, namely the
blood-brain barrier (BBB) [10] and astrocytes [11] in
the cortex of the hippocampal gyrus and in the neo-
cortex of the temporal lobe in an analogous experi-
mental model of hyperthermic seizures. 
The current study is the first to provide evidence

for the effect of topiramate on the ultrastructure of
CNS neurons in an experimental model of febrile
seizures.

Material and methods

The study used 18 young male Wistar rats aged
22-30 days. Brain maturity in such animals corre-
sponds to that of 1- or 2-year-old children [15]. The
rats were divided into four groups – three experi-
mental and one control (five rats in each experimen-
tal group and three in the control). The animals were
pre-selected according to the standard pharmaco-
logical screening tests. All procedures were perfor -

med in strict accordance with Helsinki Convention
Guidelines for the care and use of laboratory ani-
mals. The study was approved by the Ethical Com-
mittee of the Medical University of Białystok.
TThhee  FFSS  ggrroouupp  contained rats with induced febrile

seizures. Hyperthermic stress was evoked by plac-
ing animals in a 45°C water bath. Water tempera-
ture was maintained at the same level. The rats
were put into water for 4 minutes until convulsions
appeared and then moved to a separate container
lined with lignin. The animals, except for controls,
were placed in the water bath for four consecutive
days.
IInn  tthhee  FFSS  ++  TTPPMM  ggrroouupp, topiramate (Topamax, 

f. Jaansen-Cilag; 80/kg b.m. dissolved in 2 ml normal
saline) was applied with an intragastric tube, imme-
diately after each convulsion episode (every animal
received the drug four times altogether).
IInn  tthhee  TTPPMM  ++  FFSS  ggrroouupp, topiramate was adminis-

tered in the same way and at the same dose, prior
to the induction of febrile seizures, i.e. 90 minutes
before the animals were put into water. 
Control animals and the FS group received only

normal saline. The dose of topiramate was chosen
according to literature references [1,14].
A detailed description of the methodology has

been presented in our previous papers [10,15].

PPrreeppaarraattiioonn  ffoorr  eelleeccttrroonn  mmiiccrroossccooppyy

Seventy-two hours after the last convulsion
episode, the rats were anaesthetized with Nembutal
(25 mg/kg b.w., i.p.) and transcardially perfused with
a fixative solution of 2% paraformaldehyde and 2.5%
glutaraldehyde in 0.1 M cacodylate buffer pH 7.4.
After removal of the brains, hippocampal and tem-
poral lobe samples were taken and fixed in the same
solution for 24 h at 20°C. Postfixation was complet-
ed with 1% osmium tetroxide (OsO4). After dehydra-
tion in ethanol and propylene oxide, small speci-
mens (1 mm3) of the gyrus hippocampal cortex (from
the hippocampal CA1 and CA3 areas) were processed
routinely for embedding in Epon 812. Semithin sec-
tions were stained with methylene blue and exami -
ned under a light microscope. Ultrathin sections
were double stained with uranyl acetate and lead
citrate, and examined with a transmission electron
microscope (Opton EM 900, Zeiss, Oberkochen, 
Germany). The material obtained from the gyrus hip-
po campal cortex and neocortex of the temporal lobe
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in the control group was processed using the same
te chniques as for the experimental groups. 

Results

FFSS  ggrroouupp

In the FS group, the electron-microscopic investi-
gations revealed variously pronounced degenerative
abnormalities in the perikarya of the hippocampal
pyramidal neurons in the CA1 and CA3 sectors –
from discrete to total cell disintegration. As the neu-
ronal changes observed in the two sectors of the hip-
 pocampal cortex were qualitatively similar, they are
described jointly. 
Poor or moderate changes were characterized by

the occurrence of densely aggregated narrow granu-
lar endoplasmic reticular (GER) channels within the
cytoplasm of the neurons and slight or moderate
mitochondrial swelling (Fig. 1). GER channels were
sometimes dilated and showed features of segmen-
tal degranulation (Fig. 2). The changes were usually
accompanied by dilatation of the Golgi complex 
(Fig. 2). The cytoplasm of such neurons varied in elec-
tron density – from decreased, through normal, to
increased (Figs. 1, 2).

Advanced neuronal lesions were seen as a dis-
tinctly increased electron density of the cytoplasm
and its disintegration. The neuronal perikarya con-
tained large cytoplasmic fragments filled up with
elements from a disintegrating GER, i.e. numerous
ribosomes and polyribosomes, homogeneous micro-
granular material of increased electron density, 
usually close to the cell nucleus and then in more
distant parts of the cytoplasm (Figs. 3, 4). In the vi -
cinity, fragments of the cytoplasm were seen, con-
taining distinctly swollen mitochondria – with a sub-
stantially increased volume, electron-translucent
matrix and residual cristae at the periphery (Figs. 4, 5).
The outer mitochondrial membrane was sometimes
damag ed and organelles underwent disintegration.
In some of the degenerated neurons, in the vicinity
of mar kedly swollen mitochondria there were also
mitochondria showing a condensed configuration
(Fig. 4). All the above changes were frequently
accompani ed by the dilatation of channels and cis-
terns of the Golgi complex, i.e. vacuolar lesions with-
in the complex (Fig. 3), and by the appearance of
dense bodies (Figs. 3-5). Occasionally, markedly
swollen protoplasmic astrocytes were found to
adhere to the degene rated neurons (Fig. 3), whose

FFiigg..  11..  A damaged, slightly shrunken pyramidal
neuron of the hippocampal cortex – numerous
densely located GER channels (>) visible in rela-
tively dark cytoplasm; numerous mitochondria
with features of poor and moderate swelling. 
The cells are surrounded by distinctly swollen
neuropil elements. FS group. Original magn. 
× 7000.

FFiigg..  22..  Fragments of two degenerating perikarya
of pyramidal neurons (N1, N2). Relatively dark
cytoplasm shows chaotically arranged, shorten -
ed, dilated GER channels with features of seg-
mental degranulation (>); moderately swollen
mitochondria; dilated Golgi complex (G); focally
increased number of free ribosomes. Neuropil
elements adhering to the perikarya show fea-
tures of swelling. FS group. Original magn. 
× 12 000. 
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ultrastructure has been presented in our previous
paper [11].
The most substantially damaged pyramidal neu-

rons in rats exposed to hyperthermic stress showed
distinct features of aponecrosis. The aponecrotic
cells were usually shrunken, very dark, nearly black
(so-called “dark neurons”), with the cytoplasm
showing features of marked disintegration (Figs. 6, 7).

In the vicinity of dark disintegrating perikarya, sepa-
rated fragments of cell bodies, i.e. apoptotic bodies,
were found (Fig. 6).
The current ultrastructural study, like all the pre-

vious histological observations [15], demonstrated
marked neuronal loss. However, pyramidal neurons
showing relatively well preserved ultrastructure in
the close vicinity of dark neurons were sometimes
visible. 
The neuronal changes described above were

accompanied by substantial damage to the hippo -
campal cortex neuropil elements that surrounded
the perikarya of the pyramidal neurons (Figs. 1, 2, 4,
6, 7), especially to axodendritic synaptic endings. We
could also see pronounced damage to the structural
components of the blood-brain barrier of this CNS
structure, which has been reported previously [10].

FFSS  ++  TTPPMM  ggrroouupp

The ultrastructure of the pyramidal neurons in
the CA1 and CA3 sectors of the hippocampal cortex
in the animals which after experimentally induced
febrile seizures received topiramate was qualitative-
ly similar to that observed in the previous study
group (Fig. 8). However, advanced perikaryal lesions,
including aponecrosis (so-called “dark neurons”)
were relatively less common. 

FFiigg..  33..  Fragment of a perikaryon with a consi -
derably increased electron density of the cyto-
plasm filled with a dark homogeneous micro-
granular material, probably from disintegrated
free ribosomes. Distinctly dilated channels and
cisterns of the Golgi complex (G) and dense
body are visible. A markedly swollen protoplas-
mic astrocyte (As) adheres to the neuron. 
FS group. Original magn. × 12 000. 

FFiigg..  44..  Fragment of a distinctly shrunken dark
perikaryon of the pyramidal neuron with mito-
chondria that are markedly swollen and show-
ing features of condensation (>); the cytoplasm
is filled with a very dark homogeneous micro-
granular material; dense bodies are visible. 
The surrounding neuropil elements are distinct-
ly changed. FS group. Original magn. × 12 000. 

FFiigg..  55..  Fragment of a damaged perikaryon of 
the pyramidal neuron shows markedly swollen
mito chondria – with electron-translucent
matrix and residual cristae at the periphery. 
In the vicinity, fine forming dense bodies (>). 
FS group. Original magn. × 20 000.
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FFiigg..  88..  Two large fragments of the perikarya of
the pyramidal neuron of the hippocampal 
cortex – one shows features of aponecrosis
(“dark neuron”), the ultrastructure of the other
is almost unchanged. FS + TPM group. Original
magn. × 4400.

FFiigg..  99..  A large fragment of a relatively well-pre-
served perikaryon of the pyramidal neuron.
Some cellular mitochondria are slightly swollen.
TPM + FS group. Original magn. × 7000. 

TTPPMM  ++  FFSS  ggrroouupp

In rats given TPM prior to febrile seizures, neu-
ronal degeneration in the hippocampal CA1 and CA3
areas was less severe, affecting a lot fewer cells as
compared to the FS group. Pyramidal neurons with
features of aponecrosis were rare. The antiepileptic
drug had a distinct beneficial neuroprotective effect,
efficiently lightening the neuronal damage, reducing
cell aponecrosis and enhancing cell viability. Neu-
ronal loss in the areas of the hippocampal cortex
studied was far less frequent than in the FS group.

The perikarya were quite frequently seen to have
only slight submicroscopic changes and did not dif-
fer much as compared to the control group (Fig. 9).
In this group, we also observed a distinct benefi-

cial effect of topiramate on the structural BBB com-
ponents, which has been reported previously [10]. 

Discussion

The ultrastructure of the hippocampal pyramidal
neurons in CA1 and CA3 subfields observed in the
current study in warm water induced rat FS (i.e. in

FFiigg..  77..  A dark, aponecrotically changed pyrami-
dal neuron; in its vicinity, a fragment of a simi-
lar neuron. The surrounding neuropil elements
are markedly swollen in places. FS group. Origi-
nal magn. × 4400.

FFiigg..  66..  A very dark, almost black apoptotic body
(>), separated from an aponecrotically changed
neuronal perikaryon (N). The apoptotic body is
surrounded by substantially swollen and disin-
tegrated neuropil elements. FS group. Original
magn. × 12 000.
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the FS group) varied greatly, ranging from discrete
lesions to total cell disintegration. In the first place,
the abnormalities included mitochondrial swelling,
dilated GER and Golgi complex and ribosome dis ag-
gregation from endoplasmic reticula. Pyramidal neu-
rons frequently exhibited severe structural defects,
with features of aponecrosis manifested as dark,
shrunken, ischaemic, disintegrating cells (“dark neu-
rons”), with accompanying extensive neuronal loss.
The ultrastructure of the pyramidal neurons was
similar to that described by other authors in various
models of experimental hyperthermic stress [3,5,16,
17,21,24-26]. The pattern of the changes indicates
substantial metabolic disorders in the neuron, main-
ly affecting the oxidation-reduction transformations
and protein synthesis, and leading to its death. We
believe that the appearance of the so-called dark
aponecrotic neurons, especially in the FS group in
the CA1 and CA3 hippocampal sectors, was caused
by extensive ischaemia and oedema of the nervous
tissue, which was confirmed by our earlier ultra-
structural study concerning the blood-brain barrier
components of the gyrus hippocampal cortex in the
same experimental hyperthermia-induced convul-
sions [10]. Then we observed distinct damage to BBB
components manifested by significantly delimited
capillary patency, the lumen almost completely oc -
cluded by injured endothelial lining and a substan-
tial increase in BBB permeability [10]. The significant
role of the vascular factor in the generation of neu-
rodegenerative lesions defined as ischaemic has
been confirmed by studies of hyperthermic stress
conducted by other authors [13,18,22]. According to
Sharma et al. [18], heat stress is instrumental in
opening of the BBB, either directly or indirectly lead-
ing to vasogenic oedema formation, a feature crucial
in molecular and cellular changes in the brain induc-
ing cell and tissue damage. The authors suggest that
hyperthermia inducing BBB damage is the major
cause of neurodegenerative changes [18].
The current submicroscopic investigations indi-

cate a neuroprotective effect of topiramate in the
experimental model of FS. This refers particularly to
the TPM + FS group, where this antiepileptic was
administered prior to febrile seizure induction – as
prevention against these seizures. However, it had 
a far less beneficial effect in the group in which the
drug was given after experimentally induced febrile
seizures. In the TPM + FS group, as compared to the
non-treated FS group, we found efficiently lightened

neuronal damage and basically reduced cell
aponecrosis in the CA1 and CA3 subfields of the hip-
pocampus. The number of pyramidal neurons with
swollen mitochondria and lesions in the granular
endoplasmic reticulum and Golgi complex was much
lower than in the FS group. Aponecrotic neurons
manifesting as dark neurons were rarely observed.  
The current study is the first to document the

effect of topiramate on the ultrastructure of CNS
neurons in an experimental model of febrile sei zu -
res. A similarly distinct beneficial effect of this drug
on neurons has also been observed in other experi-
mental models of CNS damage, e.g. in the pilo-
carpine rat model of chronic epilepsy [7,8], and in an
in vitro study of primary dopaminergic neuronal cell
cultures exposed to 6-OHDA toxicity [6]. 
It should be added that contrary to other

antiepileptic drugs, such as phenytoin, valproate and
phenobarbital, therapeutic doses of topiramate do
not exhibit neurotoxic properties in the developing
rat brain [4].
Kudin et al. [7,8] have provided interesting data

that may help elucidate the mechanisms of the neu-
roprotective action of TPM, with a focus on the role
of mitochondria. 
The authors, studying the effect of topiramate on

the function of mitochondria in a pilocarpine experi -
mental model of chronic epilepsy and in vitro inves-
tigations on isolated rat brain mitochondria, found
that mitochondrial function is a key determinant of
both excitability and viability of hippocampal pyra-
midal neurons [7,8]. They demonstrated seizure-
dependent changes in mitochondrial oxidative phos-
phorylation in the epileptic rat hippocampus and
suggested that seizure activity inhibits the expres-
sion of mitochondrial-encoded enzymes of oxidative
phosphorylation. This could be induced during
diverse forms of pathological neuronal activity and
may severely impair viability of hippocampal pyra -
midal neurons [7]. The authors report that TPM
treatment increases the activity of mitochondrial
respiratory chain complex I in the CA1 and CA3
pyramidal subfields and causes a decrease in seizure
frequency in chronic epileptic rats. According to them,
the neuroprotective action of topiramate appears to
be directly related to its inhibitory effect on the mito-
 chondrial permeability transition pore [8].
Our ultrastructural observations of the beneficial

effect of TPM on the hippocampal pyramidal neu-
rons in an experimental model of FS, together with
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our earlier morphometric analysis of this cell popu-
lation [15], may in future serve as comparative mate-
rial for similar investigations.

Acknowledgements 

The authors wish to thank Professor Wojciech
Sobaniec, MD, PhD, brother of the first author, Head
of the Department of Child Neurology, Medical Uni-
versity of Białystok, for inspiration and cooperation.

RReeffeerreenncceess

1. Edmonds HL, Jiang YD, Zhang PY, Shank RP. Topiramate as 
a neuroprotectant in a rat model of global ischemia-induced
neurodegeneration. Life Sci 2001; 69: 2265-2277. 

2. Fallah R, Karbasi SA. Recurrence of febrile seizure in Yazd, Iran.
Turk J Pediatr 2010; 52: 618-622.

3. Gibbs S, Chattopadhyaya B, Desgent S, Awad PN, Clerk-Lama -
lice O, Levesque M, Vianna RM, Rébillard RM, Delsemme AA,
Hébert D, Tremblay L, Lepage M, Descarries L, Di Cristo G, Car-
mant L. Long-term consequences of a prolonged febrile seizure
in dual pathology model. Neurobiol Dis 2011; 43: 312-321.

4. Glier C, Dzietko M, Bittigau P, Jarosz B, Korobowicz E, Ikonomi-
dou C. Therapeutic doses of topiramate are not toxic to the
developing rat brain. Exp Neurol 2004; 187: 403-409. 

5. Han Y, Qin J, Chang X, Yang Z, Tang X, Du J. Hydrogen sulfide
may improve the hippocampal damage induced by reccurent
febrile seizures in rats. Biochem Biophys Res Commun 2005;
327: 431-436. 

6. Huang S, Wang H, Xu Y, Zhao X, Teng J, Zhang Y. The protective
action of topiramate on dopinergic neurons. Med Sci Monit
2010; 16: BR307-312. 

7. Kudin AP, Kudin TA, Seyfried J, Vielhaber S, Beck H, Elger CE,
Kunz WS. Seizure-dependent modulation of mitochondrial
oxidative phosphorylation in rat hippocampus. Eur J Neurosci
2002; 15: 1105-1114.

8. Kudin AP, Debska-Vielhaber S, Elger CE, Kunz WS. The mecha-
nism of neuroprotection by topiramate in an animal model of
epilepsy. Epilepsia 2004; 45: 1478-1487. 

9. Lawson JA, Vogrin S, Bleasel AF, Cook MJ, Burns L, McAnnaly L,
Pereira J, Bye AM. Precdictors of hippocampal, cerebral, and
cerebellar volume reduction in childhood epilepsy. Epilepsia
2000; 41: 1540-1545. 

10. Łotowska JM, Sobaniec-Łotowska ME, Sendrowski K, Sobaniec W,
Artemowicz B. Ultrastructure of the blond-brain barrier of the
gyrus hyppocampal cortex in an experimental model of the
febrile seizures and with the use of new generation antiepilep-
tic drug – topiramate. Folia Neuropathol 2008; 46: 57-68.

11. Łotowska JM, Sobaniec-Łotowska ME, Sobaniec W. Ultrastruc-
tural features of astrocytes in the cortex of the hippocampal
gyrus and in the neocortex of the temporal lobe in an experi-
mental model of febrile seizure and with the use of topiramate.
Folia Neuropathol 2009; 47: 268-277.

12. McClelland S, Dubé CM, Yang J, Baram TZ. Epileptogenesis after
prolonged febrile seizures: Mechanisms, biomarkers and thera-
peutic opportunities. Neurosci Lett 2011; 497: 155-162.

13. Mueller SM. Increased blood-brain barrier permeability during
hyperthermia in awake rat. Trans Am Neurol Assoc 1979; 104:
81-83.

14. Niebauer M, Gruenthal M. Topiramate reduces neuronal injury
after experimental status epilepticus. Brain Res 1999; 837: 
263-269. 

15. Sendrowski K, Sobaniec W, Sobaniec-Łotowska ME, Artemo -
wicz B. Topiramate as a neuroprotectant in the experimental
model of febrile seizures. Adv Med Sci 2007; 52 (Suppl 1): 
161-165.  

16. Shan Y, Qin J, Chang XZ, Yang ZX. Effect of naloxone on remote
seizure susceptibility. Beijing Da Xue Xue Bao 2004; 36: 57-60. 

17. Shan Y, Qin J, Chang XZ, Yang ZX. Neuroprotective effect of
naloxone in brain damage caused by repeated febrile sizures.
Zhonghua Er Ke Za Zhi 2004; 42: 260-263. 

18. Sharma HS. Hyperthermia induced brain oedema: current 
status and future perspectives. Indian J Med Res 2006; 123:
629-652.

19. Tanabe T, Hara K, Shimakawa S, Fukui M, Tamai H. Hippocam-
pal damage after prolonged febrile seizure: one case in a con-
secutive prospective series. Epilepsia 2011; 52: 837-840. 

20. Terra VC, Machado HR, Sakamoto AC, Arida RM, Scorza FA.
When your child with epilepsy die suddenly: febrile seizures are
part of the process? Arq Nreuropsiquiart 2011; 69: 384-386.

21. Toth Z, Yan XX, Haftoglou S, Ribak CE, Baram TZ. Seizure-
induced neuronal injury: vulnerability to febrile seizures in an
immature rat model. J Neurosci 1996; 1: 4285-4294. 

22. Urakawa M, Yamaguchi K, Tsuchida E, Kashiwagi S, Ito H, Mat-
suida T. Blood-brain barrier disturbance following localized
hyperthermia in rats. Int J Hyperthermia 1995; 11: 709-718.

23. Yang ZX, Qin J, Du JB, Chang XZ, Han Y. Effect of endogenous
heme oxygenase-carbon monoxide on brain damage induced
by recurrent febrile seizures. Zhonghua Er Ke Za Zhi 2005; 43:
252-255.

24. Yang ZX, Qin J, Chng XZ, Han Y, Shan Y. Effect of carbon monox-
ide and nitric oxide on the apoptosis of hippocampal neurons
in rats with febrile seizures. Zhongguo Dang Dai Er Ke Za Zhi
2006; 8: 231-234.

25. Zhou JP, Wang F, Li RL, Yuan BL, Li J, Xu ED. Protective effects of
fructose-1,6-diphosphate on brain damage caused by febrile
seizures in rats. Zhonghua Er Ke Za Zhi 2004; 42: 129-133.

26. Zhou JP, Wang F, Yang L, Huang SP, Li RL. Protective effect of
fructose-1,6-diphosphate against ultrastructural damage in the
hippocampus of rats with repeated febrile seizures. Zhongguo
Dang Dai Er Ke Za Zhi 2008; 10: 199-202. 


