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EXPERIMENTAL STUDY

Effects of terguride treatment on glucose abnormalities induced by
ischemic brain damage in SHR/N-cp lean Koletsky strain and in
rats of Wistar strain
Kudlackova Z, Golda V
Department of Biological and Medical Sciences Faculty of Pharmacy, Charles University in Prague, Hradec Králové,
Czech Republic.kudlacko@faf.cuni.cz
Abstract
Background: Severe head injury is associated with a stress response that includes hyperglycemia, which
has been shown in both experimental and clinical studies to exacerbate the severity of brain injury
during ischemic conditions.
Objectives: This study evaluated the possible protective effect of Terguride (trans-dihydrolisuride) on
glucose metabolism against hyperglycemia.
Methods: The experiments were performed in male and female rats of Wistar and Koletsky strain.
Glucose intolerance was induced in both strains by 4-hour-occlusion of both common carotid arteries
followed by 44-hour reperfusion.
Results: Brain ischemia induced glucose intolerance in both rat strains. Basal glycemia was significantly increased by the brain ischemia in male and female Wistar rats, but not in Koletsky rats. The
analysis of the effect of Terguride treatment of glucose abnormalities on the area under the glucose
tolerance curve (AUC) has shown significant decrease of AUC in both sexes of Wistar strain and in
females of Koletsky strain. Basal glycemia was significantly decreased only in males of Wistar strain.
Conclusion: Terguride (trans-dihydrolisuride) decreases hyperglycemia in rats with ischemic brain
damage. (Fig. 4, Ref. 29.)
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In this study we investigated glucose tolerance abnormalities induced by ischemic brain damage.
Since the time of Claude Bernard it has been known that the
hypothalamic lesions cause hyperglycemia and glycosuria. On
the other hand, it was reported (Pentelenyi, 1992) that hyperglycemia can be found in patients with brain lesions which do not
affect the hypothalamus.
Hyperglycemia is only one variation in the sequence of biochemical changes which is ischemia of brain defined with. The
incidence of brain ischemia in industrially advanced countries is
250400/100 000; mortality is 30 % and brain ischemia is the
third most frequent cause of death (Dirnagl et al, 1999).
The preclinical histological evaluations demonstrated that
hyperglycemia impairs brain damage due to transient ischemia.
Extensive lesions were found in the following regions: putamen,
hippocampal CA 1 sector, substantia nigra pars reticularis, neocortex, thalamus, globus pallidus, cortex of lobus parietalis, cerebellum, nucleus caudatus, gyrus temporalis superior, and girus
cinguli. Ischemic brain injury associated with hyperglycemia-

increased incidence of seizures and mortality and impaired motor function were observed in the group of survived animals
(Kudláèková and Hronek, 2001 a).
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In clinical studies evaluating patients with serious craniocerebral injury after subarachnoidal hemorrhage, after acute head
trauma, after surgical removal of intracranial hematoma, or after
cerebral infarct of hemispherium it was observed that hyperglycemia during acute damage is associated with enhanced neuronal
death. Hyperglycemia correlated with clinical outcome, early
death and invalidism (Kudláèková and Hronek, 2001 b; Els et
al, 2002; Yendamuri et al, 2003).
The mechanisms of brain damage, which are caused hyperglycemia during hypoxic-ischemic brain injury, are not completely
known. Several reasons for brain damage associated with hyperglycemia have been indicated: lactate acidosis (Siesjö et al, 1996;
Parsons et al, 2002), increase in intracellular pH of brain tissue
(Li et al, 1995; Dempsey et al, 1996), increase in the recovery
rate of ATP levels (Roh et al, 1992), retardation of NADH regeneration (Anderson et al, 1999), accelerating free radical production (1996, Lundgren et al, 1991), hydroxyl radical production (Li et al, 1999; Wei et al, 1997), slower recovery of Na+
homeostasis (Tyson et al, 1996), perturbing action of intracellular signal transduction pathway, leading to changes in gene expression or protein synthesis, or with activation of endonucleases
which cause DNA fragmentation (Siesjö et al, 1996), changes in
blood-brain barrier transport (Kawai et al, 1999), increase in
extracellular glutamate levels. (Guyot et al, 2000; Li et al, 2000).
Results of experimental and clinical studies show that normalization of glucose level during a severe head injury is necessary as protection of hypoxic brain tissue (Kudláèková a Hronek,
2001 a).
On the basis of preclinical and clinical data, which revealed
negative effect on hypoxic brain tissue, we determined the aim
of our experiments. We evaluated changes of glucose tolerance
abnormalities and the effect of Terguride on these abnormalities
in rats of Wistar strain and in rats of Koletsky strain.
We can conclude that Terguride is not only a drug which is
tested on animals with ischemic brain injury following hyperglycemia. From the facts given below we will see that in experimental studies only insulin and Terguride, used by us, are bent on
decreasing hyperglycemia which arised during brain ischemia and
other pharmacological procedures always solve only one of the
consequences imposed by hyperglycemia. In his study Lanier et al
(1996) attempted to find out whether infusion of insulin leads to
recovery of normoglycemia by rats with neurological damage and
also if neurological after effects of ischemia are comparable with
the normoglycemic rats. He found that therapy with insulin led to
metabolic profile which was comparable with non-diabetic rats. It
is, however, well-know that therapy with insulin would not be
sufficient by insulin-resistant rats. Other authors were not directly
interested in treatment of hyperglycemia but they were concentrated on treatment of main after-effects that develop because of
hyperglycemia e.g.: lactate acidosis, acceleration of free radical
production, increase in the recovery rate of ATP levels, acceleration of NO production. Acidosis that arises as a consequence of
brain ischemia worsens metabolic regeneration of damaged brain
tissue. Kim et al (1996) found that application of Tirilazad showed
increased regeneration of ATP, increase of pH, decrease of intrac-

ranial pressure, increase of the concentration of endogenous antioxidant gluthation. Dimlich and Nielsen (1992) found that
dichloracetate facilitates a decrease in brain lactate during
reperfusion after incomplete ischemia in rats. Quast et al (1995)
were in their research interested in normalization of imported
mediator which evokes postischemic damage in hyperglycemic
rats. He proved that inhibitor of NO synthesis: NG-nitro-L-arginin
metylester reduces production of edema and improves perfusion.
Li et al (1997) found that immunosuppressant cyclosporin A dramatically ameliorates the selective neuronal necrosis which results from 10 min of forebrain in rats. The study of Pahlmark et
al (1993) showed that dimethylthiourea (scavenger of free oxygen radicals) significantly reduced damages of neurons in hippocampus, caudoputamen and neocortex. Similar antioxidative
effects were found by Watanabene et al (1994) in 3-methyl-1phenyl-pyrazoli-5on in rats with hyperglycemia with total brain
ischemia. All these therapeutic procedures are important, if there
cane serious increasing of glycemia. The primary aim of the
therapy appears to be the prevention of hyperglycemia development what we tried in our work.
Methods
All experiments performed on laboratory animals were approved by the Ethical Committee of the Faculty of Medicine,
Charles University, Hradec Králové.
Animals
Experiments were carried out on the Han-Wistar rats (Imperial Chemistal Industry, Ltd., Pharmacological Division, Macclesfield, U.K.) as well as on lean rats of Koletsky strain (SHR/
N-cp) of both sexes. Lean SHR/N-cp rats (Animal Genetics Division, National Institute of Health, Bethesda, U.S.A.) represent
dominant non-obese homozygotes and heterozygotes whereas
their obese siblings are recessive homozygotes (cp/cp). The abnormal animals were obtained by Koletsky when mating a female spontaneously hypertensive rat (Okamoto-Aoki strain) with
normotensive Sprague-Dawley male rat. What considers of lean
rats of Koletsky strain, there were proved, except others, there
features: hypertension, disorder of glucose tolerance and higher
concentration of plasmatic lipids (Koletsky, 1975).
The experiments were carried out on 122 rats weighing 370
390 g (males), 220  250 g (females). Rats were housed at
23±1 °C, 55±10 % relatively humidity, air exchange 1214 times
per hour with a 12 h light-dark cycle. All animals received care
according to the guidelines set by the Institutional Animal Use
and Care Committee of the Faculty of Medicine, Charles University, Hradec Králové.
After weaning at the age of 30 days, the animals were kept in
groups of four and supplied with water and standard pelleted
diet ad libitum.
Drugs used
Terguride (trans-dihydrolisuride, Galena, Czech Republic)
was used. The drug was applied twice a day at 7 a.m. and 2 p.m.
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Fig. 1. Effect of Terguride treatment (T) on abnormalities of glucose tolerance curve in rats (males) of Wistar strain. Animals of the
group Occlu (animals with bilateral occlusion of common carotid
arteries) were compared with animals of the group C (control animals), animals of the group Occlu+T (animals with occlusion and
with Terguride treatment) with animals of the group Occlu. n(C)=6,
n(Occlu)=12, n(Occlu+T)=5, * p<0.05, ** p<0.01, *** p<0.001.

Fig. 2. Effect of Terguride treatment (T) on abnormalities of glucose tolerance curve in rats (females) of Wistar strain. Animals of
the group Occlu (animals with bilateral occlusion of common carotid arteries) were compared with animals of the group C (control
animals), animals of the group Occlu+T (animals with occlusion and
with Terguride treatment) with animals of the group Occlu. n(C)=7,
n(Occlu)=6, n(Occlu+T)=4, * p<0.05.

for four days before operation and for two days after operation.
Terguride maleate was administered at a dose of 0.1 mg/kg i.p..
Pentobarbital sodium (Nembutal®, sodium solution, Abbott Laboratories, U.S.A.) was used for anesthesia at a dose 45 mg/kg i.p.
Ether was applied for evoking light anesthesia, which was used
during glucose tolerance test.

Results

Occlusion of common carotid arteries
Occlusion was performed under general anesthesia. The animals were fixed in supine posture, skin was incised in the ventrolateral neck region and the common carotid arteries were separated from surrounding tissue bilaterally. Both arteries were occluded for four hours by Yasargil Standard aneurysm clip
(Aesculap, Germany). Subsequently reperfusion period (44 hours)
was started.
Glucose tolerance test
After finishing the reperfusion period, glucose tolerance test
was performed. Blood was sampled to heparinized capillaries
(from retro bulbar plexus under light ether anesthesia) before
glucose loading (basal glycemia), as well as 30, 60, 120 and 180
minute after glucose loading. Glucose (3 g/kg b.w. in 30 % solution, Lachema, Czech Republic) was applied intragastrically after 14 hours of starvation. Glycemia was estimated enzymatically (Oxochrom glucose, Lachema, Czech Republic).

Basal glycemia
In the control animals, the occlusion of common carotid arteries showed significant elevation of basal glycemia in male and
female rats of Wistar strain (Figs 1 and 2). Occlusion was without effect on basal glycemia in males and females of Koletsky
strain (Figs 3 and 4). In occluded animals with treatment of
Terguride showed decreasing effect on basal glycemia in males
of Wistar strain (Fig. 1). Terguride treatment did not show any
effect on basal glycemia in females of Wistar strain and male and
female rats of Koletsky strain (Figs 2, 3 and 4).
Glucose tolerance
In control animals, occlusion of common carotid arteries
showed elevation of glucose tolerance in both strains. Occlusion showed significant increase 30, 60, 120 and 180 min after
glucose loading in males of Wistar strain (Fig. 1). Area under
curve of glucose tolerance curve (AUC) was significantly increased (p<0.01). Females of Wistar strain (Fig. 2) and males
of Koletsky strain (Fig. 3) showed significant increase in 30
and 60 min of glucose tolerance test. AUC was significantly
increased (p<0.01) in female of Wistar strain. In males of
Koletsky strain was AUC as well significantly increased p<0.05.
Hypertensive females showed significant increase in glycemia
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Fig. 3. Effect of Terguride treatment (T) on abnormalities of glucose tolerance curve in rats (males) of Koletsky strain. Animals of
the group Occlu (animals with bilateral occlusion of common carotid arteries) were compared with animals of the group C (control
animals), animals of the group Occlu+T (animals with occlusion
and with Terguride treatment) with animals of the group Occlu.
n(C)=11, n(Occlu)=6, n(Occlu+T)=4, * p<0.05.

Fig. 4. Effect of Terguride treatment (T) on abnormalities of glucose tolerance curve in rats (females) of Koletsky strain. Animals
of the group Occlu (animals with bilateral occlusion of common
carotid arteries) were compared with animals of the group C (control animals), animals of the group Occlu+T (animals with occlusion and with Terguride treatment) with animals of the group Occlu.
n(C)=4, n(Occlu)=7, n(Occlu+T)=6, * p<0.05, ** p<0.01.

60 and 120 min after glucose loading (Fig. 4). AUC was significantly increased p<0.01.
Considering occluded animals with drug, Terguride showed
significant decrease in glucose intolerance (p<0.05) in both
strains, except for males of Koletsky strain.

tice it is used in the treatment of pathological hyperprolactinemia,
e.g. disorders of menstruation and infertility caused by hyperprolactinemia, galactorrhea, adenoma of hypophysis with secretion of prolactin, disorders of libido, fertility in men connected
with hyperprolactinemia. There belongs acromegaly to another
indication (Pertz and Eich 1999).
In experimental conditions methods of global ischemia and
methods of local ischemia are used. For our experimental arrangement we did not use local brain lesion but we induced brain
ischemia affecting the whole brain. Our model (occlusion of both
a. carotis communis) is only one of the models of global ischemia,
which is used in gerbils and rats (Lin et al, 1998; Usuda et al,
1996).
The duration of brain ischemia in experimental models of
ischemia used by many scientist is very different. We selected 4hour-bilateral occlusion of a. carotis communis followed by 44hour reperfusion, because this model affects intolerance of glucose with a level higher than 11.1 mM/l. In patients with serious
craniocerebral injury this level of glycemia is associated with
enhanced neurological prognosis (Kawai et al, 1999; Rovlias et
al, 2000).
In all preparations of a. carotis communis basic condition of
a successful experiment is regardful isolation of vessel. Arteria
carotis communis lies with n. vagus in common connective tis-

Discussion
In treatment of the later phase of brain ischemia (after 8th
10th hour since the beginning) following drugs are important:
drugs which defended the development of brain edema (e.g.
dexamethazon), nootropic drugs, pentoxifylin, scavengers of free
oxygen radicals (e.g. tirilazad mesylat), teofylin, vinpocetin and
others. The group of nootropic drugs in the therapy of this phase
of brain ischemia includes, except others, also ergot alkaloid
nicergolin which is used in activation of metabolic processes in
the nerve cells (Kalvach et al, 1997). In this indication we were
interested in the effects of another ergot alkaloid drug Terguride,
namely its influence on the changes of glucose metabolism.
Terguride is a common dopaminergic agonist. Its main effect, the influence on postsynaptic receptors in striatum, was
developed during the research of dopaminergic agonists, potentials drugs or parkinsonism. Terguride decreases secretion of PRL
and pathologically increases secretion of STH. In clinical prac-
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sue, however injury of nervus vagus increases mortality, which
is already high itself. Our experiments in males of Wistar strain
showed zero mortality in control group, 60 % in the group with
bilateral occlusion of a. carotis communis and 38 % in animals
with Terguride treatment. In females of Wistar strain we found
the following values of mortality: zero in control group, 25 % in
the group with bilateral occlusion of a. carotis communis and 43
% in animals with Terguride treatment. Control males group of
Koletsky strain showed 0 % mortality, the group with bilateral
occlusion of a. carotis communis 54 % and in animals with
Terguride treatment 67 %. Control group females of Koletsky
strain showed 0 % mortality, the group with bilateral occlusion
of a. carotis communis 38 % and in animals with Terguride treatment 25 %.
Brain ischemia induced glucose intolerance in both strains
of rats. When we evaluated the effect of brain ischemia on area
under the curve of the glucose tolerance curve (AUC), we found
statistically significant increase of AUC in both sexes of both
strains. Brain ischemia increased the level of glycemia in males
of Wistar strain by 27 % (p=0.01) and in females of Wistar strain
by 32 % (p =0.01). Statistically significant increase of the level
of glycemia was found also in animals of Koletsky strain. Brain
ischemia induced increases of the level of glycemia in males by
40 % (p =0.05) and in females by 24 % (p =0.01).
Basal glycemia was changed by the brain ischemia in males
and females of both strains. The basal glycemia was increased in
males of Wistar strain by 12 % and in females of this strain by
33 % through the brain ischemia; in males of Koletsky strain by
7 % and in females by 8 %. This increase was statistically significant only in animals of Wistar strain.
In our previous paper we documented that terguride treatment showed alleviation of glucose intolerance of hereditary origin in SHR/N-cp obese rats of Koletsky strain and in their lean
siblings (Golda, 1994).
In this paper terguride treatment shows ambivalent effects
on glucose metabolic abnormalities, which are caused by oligemic
brain hypoxia. Differences in effects of Terguride were found
between sexes and between strains. Terguride decreased statistically significantly AUC in males of Wistar strain by 30 %
(p =0.05) and in females this strain decreased glycemia by 24 %
(p =0.05). Glycemia was decreased in males of Koletsky strain
by 33 % and in females of this strain by 19 % (p =0.05), but this
decrease was significant only in females of Koletsky strain.
The basal glycemia was decreased in males of Wistar strain
by 3 % and in females of this strain by 17 %; in males of Koletsky
strain by 9 % and in females was increased by 7 %. This data
were statistically significant only in males of Wistar strain.
In males of Koletsky strain we observed the highest level of
glycemia induced by brain ischemia and the highest decrease of
glycemia by terguride treatment as well.
The above mentioned ambivalent effects of terguride treatment when individual groups of animals are considered can be
explained by strain and/or substrain effect. There is apparent sex
dependence of ambivalent effect, which is more expressed in
males when glucose tolerance is considered.
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Decreasing glycemia is an important contributor to better
prognosis in mortality and morbidity of craniocerebral injury after
ischemia/reperfusion in hyperglycemic patients. Our data show
that Terguride decreased hyperglycemia in rats with ischemiadamaged brain.
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