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Background: Diabetes mellitus affects the morphology and plasticity of lll% to
electrophysiological impairment. We aim to determine effects of Na'/K™-A"
in streptozotocin-induced diabetic female rats. ! L el
Methods: Female Wistar rats weighing about 180-200 g were used for the study and were divided into three
study groups. Study groups A 1, 2, 3 were healthy rats administered 15, 20, 25 mg/kg caffeine intraperito-
neally (i.p), respectively, for 5 weeks; study groups B 1, 2, 3 administered 15, 20, 25 mg/kg caffeine (i.p),
respectively, for § weeks and maintained on caffeine for 3 weeks after diabetes induction; study groups C 1,
2,3, were diabetic rats administered 15, 20, 25 mg/kg caffeine (i.p), respectively, for 3 weeks; control and
diabetic untreated were administered normal saline. After administration, brains were homogenized in su-
crose solution and kept at 4°C. Enzyme assay was conducted.

Results: A significant (p<0.05) decrease in Na*/K*-ATPase activity of diabetic untreated (250.9+0.26)
when compared with control (415.6+0.26). Study groups A 1, 2, 3 showed an increase in Na'/K*-ATPase
activities (1022.0+0.51, $25.0+0.22, 498.6 + 0.04, respectively). Study groups B 1 and 3 showed a significant
decrease in Na'/KK'-ATPase activities (280.0+0.40 and 232.4 +0.34, respectivelv) when compared with con-
trol and a significant increase in group 2 (374.0+0.34) when conipared with diabetic group. Diabetic rats in
study C (groups 1, 2, 3) showed an increase in Na*/K*-ATPase activities (468.8+0.51, 428.5£0.50, and
259.9£0.20, respectively) when compared with diabetic untreated.

Conclusion: This study shows that caffeine at low to moderate doses improves the brain Na'/K'-ATPase o
activities in diabetic rats -

Introduction characterized by insulin resistance, which may be com- fas

bined with relatively reduced insulin secretionl. The <4 AU2

IABETES MELLITUS (DM), commonly referred to as

diabetes, is a group of metabolic diseases in which
there is high blood sugar levels over a prolonged period
This is due to either the pancreas not producing enough
insulin or because cells of the body do not respond prop-
erly to the insulin that is produced.” There aro three main
types of DM Type I DM is characterized by loss of the
insulin-producing beta cells of the islets of Langerhans in
the pancreas, leading to insulin deficiency. This type can
further be classified as immune mediated or idiopathic.
The majority of type 1 diabetes is of the immune-mediated
nature, in which beta cell loss is a T-cell-mediated auto-
immune attack.” Type 2 DM is the most common type
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defective responsiveness of body lissues to insulin is
believed to involve the insulin receptor. However, the
specific defects are not known. This is due primarily
10 lifestyle factors and genetics.* Gestational diabetes
mellitus (GDM) is defined by glucose intolerance of var-
1able severity with onset of first recognition during preg-
nancy.* Hyperglycemia during pregnancy is found to be
associated with vanous maternal and perinatal adverse
outcomes.”

The cause of diabetes depends on the type. Type 2 di-
abetes is due primarily to lifestyle factors and genetics.*
Type | diabetes is also partly inherited and then triggered
by certain infections, with some evidence pointing at

1
{

Scanned by CamScanner




!lilu (weeks or months) in type 1 diabetes, while in
type 2 diabetes they usually develop much more slowly
and may be subtle or absent.
D_H affects the morphology and plasticity of the brain,
causing cognitive, memory, and electrophysiological im-
m!tnu.DH:uuoﬂmMmmpﬁuﬁnmmhu
retinopathy, peripheral neuropathy, and stoke.* There is
mwmntype 1 and type 2 diabetes can
within the central nervous system
(CNSL’” Manifestations of diabetes-induced CNS com-
plications may include structural alterations or brain atro-
phy, as well as changes in electrophysiological features
that ultimately result in deficits in cognitive activity.'! Dys-
functional regulation of glucose elicits neuronal synaptic
reorganization'? and increased proliferation of astmcytes”
in the hippocampus of streptozotocin (STZ)-induced dia-
betic rodents, an experimental model of type | diabetes.
When blood sugar levels start to climb in diabetes, a
number of body systems are affected and that includes
the brain, since studies have linked diabetes with a higher
: risk of stroke and dementia. A new study'® reported that
changes in blood vessel activity in the brains of diabetics
may lead to drops in cognitive functions and their ability
to perform daily activities
From studies performed in adults with type | diabetes,
reductions in measures of motor speed and psychomotor
efficiency can be scen in patients in midlife.'® These
neurocognitive changes have been associated with a re-
duction in white matter volume or alteration in white
matter histology in some'®'” but not all'*"? investiga-
tions. Reduction in gray matter density in brain rcgums re-
sponsible for language processing and memory'” and
generalized atrophy?® have also been identifled in young
adults with long-standing type | diabetes, Patients with
chronic hyperglycemia,”" ear early onset of disease,” or re-
current severe hypoglycemia™ appear to be at particular
risk for the development of changes in brain structure
¢ wmmwmmumumhm
consistently observed in all groups of subjects
m who have been investigated ™'
insulin are both instrumental regula-
<27 further supporting the hy-
er regulation of these two factors
[ tive deficits in diabetes. "’

uwm"mmﬁmmmwuuf-s
feine can aid in reducing symploms associated with
Parkinson's disease (PD) such as the deterioration of
gross and small motor <kills and tremors.”** Since PD
is a neurodegenerative disease that results in progressive
loss of dopaminergic neurons of the substantia nigra, caf-
feine a nonselective adenosine antagonist is thought to
a:dmunprnvmglheperfmmeofmedoplmmu‘ﬂc
system by blockin ﬁ the AA; receptors, thus stimulating
dopamine release. v

The relationship between caffeine and DM has been a T
controversial topic among scientists. However, caffeine :
has been reported to have both positive and negative ef-
fects on DM. Caffeine consumption has been associated
with a lower risk of DM type 2. The majority of the stud-
ies on this topic were done on coffee. Test results indi- .
cate that consumers who drink at least three or more ‘5
cups of cither caffeinated or decaffeinated coffee every B
day show a decrease in the risk of type 2 diabetes, In
Japan, a study was done to examine the relationship be- I
tween consumpuon of green, black, and oolong teas and i
the risk of diabetes; and it was found that caffeine con- i
taining beverages were associated with a decreased risk
of type I diabetes.*

Caffeine acts as an nn.agomamf adenosine Ay and Aj,
receplor at a nontoxic dose.*” Caffeine consumption has
been reported to alleviate cognitive impairment in both %
humans and animals,*'*?

STZ-induced diabetes modl@es lhe expression and
density of adenosine roca‘ptors hlppmpul“ 3
and also reduced the mum—p?mm ATPase (Na™/ :
K*-ATPase) in the brain.**

Na*/K*-ATPase (sodiur
phosphatase, h:own

Eape (s oot

cated in the plas
Na"/K"-ATP
fect transport, a
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clps to preserve the ionic gradients across the cell mem-
branc and thus the membrane poiential and osmotic equi-
librium of the cell.*” This function is crucial for cell
survival and body homeostasis, which is why it is a tar-
geted focus of this study.

Na*/K*-ATPase malfunction and mutation have been
implicated in renal dysfunction, hypertension, and Par-
kinsonism.**

Brain Na'/K'-ATPase enhances ion, mem-
ory consolidation, and diminishes cognitive deficits.**

Diabetes has a marked effect on the metabolism of a
variety of tissues and becduse the Na“/K"-ATPase is crit-
ical for the membrane potential and many transports, a
change in its activity in diabetes would have a profound
consequence in these tissues.*

Among the diabetes-induced metabolic changes, dis-
turbances of Na*/K*-ATPase activity have been widely
reported.*’ Das and colleagues® first described a de-
crease of this enzyme activity in the sciatic nerve of di-
abetic rat, whereas an increase in enzyme activity was
found in mucosa of the small intestine of diabetic rat.*
These two examples illustrate the different effects of
diabetes on Na*/K*-ATPase depending on the ussues
Thus, it has been observed, that the brain Na'/K'-
ATPase activity is reduced in the diabetic state in
male animals.**

However, it has been reported™ that female and male
brains differ. The differences begin early during develop-
ment due to the combination of genetic and hormonal
evenis and continue throughout the life span of an indi-
vidual, They further emphasized that female reproduc-
tive status has to be taken into account when studying
sex differences in health and disease susceptibility, in
the pharmacological effects of drugs, and in the study
of brain and behavior

Physiological sex differences account for marked dif-
ferences in disease incidence, manifestation. prognosis,
and treatment observed brtween the sexcs. Differences
in disease susceptibility, time of onset of symptoms,
and drug response have become evident in discascs
such as cancer, obesity, coronary heart disease, auloim-
mune and mental health disorders, among others.**
This report highlights the need to conduct hypothesis-
driven biomedical studies that take into account sex as

Experimental animals

Female Wistar rats, aged 12-13 weeks old and weigh-
mmtmmw!«um.mﬂ
were obtained from the Biochemistry Department Uni-
versity of Tlorin, lorin. The rats were maintained, with
free access 1o food (rat pellet) and water, with a 12-
mwxmmmmm-mmm
Rats were used in accordance with the rules for the
Care and Use of Laboratory Animals and the rescarch
wuwoMbthﬁquniﬂeﬂdnUﬁiuﬁy
of lorin, Horin, Nigena.

Study design

Eleven groups of seven female Wistar rats cach were
used for the study. Study groups A 1, 2, and 3 were healthy
rats administered 15, 20, and 25 mg/kg caffeine intrapernito-
neally (i.p) per day, respectively, for § weeks; study groups
B 1,2, and 3 were healthy rats administered 15, 20, and
25 mg/kg caffeine (i.p) per day, respectively, for 5 weeks
and were roaintained on caffeine for 3 weeks afler induc-
tion of diabetes; study groups C 1, 2, and 3 were diabetic
rats placed on calleive inmedisicly after induction of
DM ut 15,:20, and 25mg/kg (Lp) per day, respectively,
for 3 weeks; the control and diabetic untreated group
was administered normnal saline.

Induction of diabeles

Type | diabetes was induced with freshly prepared
50 mg/kg STZ (in citrate buffer 0.1 M, pH 4.5), which in-
duced sustained hyperglycemia after 3 days.* Dextrose
saline was' given after induction for rehydration. Food
and L +d after induction.

conhrme
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Cafleine dose and administration

Cafleine (Sigma-Aldrich, St Louis, MO) was adminis-
tered intraperitoneally. Doses of 15, 20, and 25 mg/Kg
(BW)iday were given to specified groups.

Preparation of brain homogenale

A.ldlcudofﬂieadminiunﬁun. animals were anes-
thetized, the brains were promptly removed, weighed,
and hﬁllﬂmxed in an ice-cold sucrose isotonic buffer
solution. Crude homogenates were initially centrifuged
at 1000rpm for 10 minutes. The supernatant obtained
was centrifuged again at 25,000 rpm for 3 minutes to
obtain the mitochondrial pellet. The pellet was washed
three times by resuspending it in the homogenizing buf-
fer medium (pH 7.4). All the centrifugation steps were
carried out at 4°C in an H1850R tabletop high-speed
refrigerated centrifuge. Mitochondria-contained solu-
tions were kept below 4°C for enzyme estimation. Pro-
tein determination and assay for the enzyme were
carried out within 24 hours of sample collection. Na®/
K*-ATPase activities were expressed as pmolPi/mg

protein/hour x 10~*

Na" /< -ATPase assay

Na“/K"-ATPasc assay was measured according to the
method described by Akagawa and Tsukada ** The reac-
tion mixture (1 mL) contains 200mM NaCl, 40 mM
KCl, 60mM Tris (pH 7.4), 830mM MgCl26H20,
20mM ethylene glycol-bis (2 aminoethylether) tetra-
acetic acid (EGTA), enzyme source, 8mM ATP, after
which it was incubated for | hour at 37°C. The reaction
was stopped by adding 5% ice-cold sodium lauryl sul-
fate (SLS). After which the medium was centrifuged
at 1000 g for 10 minutes. lnorganic phosphate produced
in the supernatant was determined by the method of
Fiske and Subbarow.” Protein determination was carried
out according to the method of Lowry ef al # Na* /K-
ATPase activities were expressed as umolPi/mg protein/

cal analyses
analyses were performed using the
tical software, version 16.0 (SPSS, Inc.,

ows'. Data are presented as
between

and 25 mg/kg showed no significant

glucose level (4.60+0.16, 4.1740.20, and 441 £0.07 re-
spectively) when compared with contrel (41410 13), %
shown in Figure 1. All diabetic groups showed a signifi- 4Fl
cant ( p <0.05) increase in blood glucose level when com-
pared with control each week, but with varying glucose

level changes when compared with the diabetic untreated
group, as highlighted in Table 1. 4TI

Brain Na'/K -ATPase activities in healthy
and diabelic rals

Table 2:shows a significant reduction in brain Na*/K*- T2
ATPase activities in diabetic rats when compared with con-
trol. The brain Na*/K’-ATPase decreases from 4.16£0.26
(p<0.05) in control o 2.51+0.26 (p<0.05) in diabetic
untreated group.

Caffeine and its effect on brain Na* /K" -ATPase
activities in normal rats

Caffeine increases the activitics of brain Na'/K"-ATPase,
as indicated in Figure 2. There is an increase in Na"/K™- <F2
ATPase activities in healthy rats administered caffeine,
with 10204051, 8.25+0.22, and 4.99+0.04 ( p<0.05)
activity in study groups A 1, 2, and 3, respectively, when
compared to 4.16+0.26 (p <0.05) in control
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e ‘Stady groups B 1, 2, and 3 rats administered caffeine

s 5;5 before inducing and also maintained on caf-

ags WA feine after inducing diabetes show reduced activities

% g'.a!a 2.80£0.40, 3,74 £0.34, and 2.32.0.34 ( p <0.05), respec-

(] op = tively, when compared to control 4.1620.26 (p<0.05),

with significant reduction in groups | and 3. Groups |
and 2 show an increase in brain Na"/K"-ATPase activities

=%

2 %% (280£040 and 3.74£0.34 (p<0.05), respectively) when

222 compared 10 diabetic untreaied group activity (251 026

g HHH (p<005)), and only group 2 [3.74£0.34 (p<0.05)] was
8=g significantly different from the diabetic group [2.512026
|22 (p<0.05)), as shown in Figure 3 4B

Also, rats placed on caffeine weatment only afier induc- !
tion of diabetes (study groups C 1, 2, and 3), as shown in
Figure 4, showed an increase in Na'/K"-ATPase activities 4F4
4674051, 4.2940.50, and 2604020 ( p<0.05)] when
compared with the disbetic group [2.51 £0.26 (p<0.05)).
with a significant increase (p<0.05) in groups 7 and &

diabetes
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l Discussion and Conclusion
- | A serieq of studies®'** have been conducted on the ef-
ié‘., f 4 fect of cafieine on blood glucose level with varying views,
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CONTROL DIABETIC CAFF  CAFF o
15mg/hg  20mg/kg 25me/kg

Brain Na+/K+ ATPase activity in study groups

us administered cafféine before and maintained on

after induction of diabetes). Values are mean £

n=7, ANOVA (p<0.05) and Dunn’s post hoc

bars with different letters are significantly different,
0.05. CAFF = caffeine administration,

G.
(
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increase or decrease in blood glucose in the diabetic stale
depending on doses and periods of exposure
Cognitive dysfunction and dementia have recently been
proven to be commeon and underrecugnized complications
of DM.* This study shows that brain Na“/K*-ATPase
activity is altered i the diabetic state as previously
4367 and has also been able to confim as
such in female rats since most of the previous studies
are based on the use of male rodents. The reduced
activity is associated with the cognitive and memory im-
pairment observed in diabetic state because the Na'/K'-

COMTROL DIABETIC  CAFF CAFF CAPF
15my/hg  20mg/ky  25mg/hg

FIG. 4. Brain Nat+/K+-ATPase activity in study groups |
rats administered caffeine). Values ure meant

K A ( p=0.05) and Dunn's post hoc lest,
HW (p bl o h

C
bars letters are s

5. CAFF, caflcine |

uwu m:nﬁmﬂ cerebral vasoreactivity

and a decline in moltple cognitive (asks in disbelcs

duc to inflammation.
Pmmmmmm;ﬁhﬂn

Na*/K'-ATPase activities in normal rats as indicated in
Figute 2. This agrees with the work of Obochs et al.,
mémumm:wunmwy
produced an increase in brain Na*/K*-ATPase activi-
ties. ™ However, there is paucity of information on the ef-
fect of caffeine on brain Na'/K'-ATPase activity in
diabetic .mdmuuudyahommrmmcum
caffeine shows promising effect on increasing brain
Na'/K'-ATPase activity in diabetics (Figs. 3 and 4).
Naiata ef al.% also reporied a decrease in the cercbral
cortex Na'/K*-ATPase in diabetic rais and reporied
thnmneobsmedl_aductionmymm&ombouu!yw-
sylation in the b subunit of this enzyme and destabiliza-
tion of plasmatic membrane by reactive species. They
further reported an increase in Na'/K'-ATPase activity
basically in the cerebral cortex of diabetic rats after treat-
ment with caffeine, Although previous studies®™** made
use of male rodents, this study considered female Wistar
rats to rule out gender influence.

Caffeine is commonly consumed in different beverages
mdtoﬂddnbinllltsodny.sinocmwponhmbm
given to pretreatment of caffeine before diabetes onset,
dy considered the effect/influence of caffeine intake

this
before diabetic in study groups B (prediabetic treat-
ment, Fig. 3), as W o treatment with

c , previously reported *’ In this study, caffeine at
a dose of 20mg/kg restores Na”/K'-ATPase activity to
normal, while in study groups C (posidiabetic treatment),

15 and 20mgkg restores Na'/K"-

caffeine at i dose ¢

A u:ultuy normal, This observation is due to caf-
feine folerauce in sudy groups B, and thus, it is this study
group that reajordy mimics the societal focus.

ATR:
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in the diabetic state.

Therefore, more rescarches should be carried out to
mmmm«mauﬂmu
its consequential effects on brain Na'/K'-ATPase. This
uhamfmdmdjnmwium
mmdmmmw&.nmm

plications of diabetes.
Aol

We acknowledge the contribution and guidance of
Dr. Adedoyin Igunnu of Biochemistry Department, Uni-
versity of llorin, Nigeria. We also acknowledge the con-
tribation of Mr Wahab Imam Abdulmajeed of Physiology

University of llorin, Nigeria. Also, the con-

wribution of the following graduates Alabi John, Ariyo
Stephen, Alaye Emmanuel, and Atta Aisha during train-
ing as students in the Department of Phys-
iology, University of {lorin, cannot be aver looked.

Author Disclosure Statement
No competing financial interests exist.

References

|. David GG, Dolores S. Greenspan's Basic & Clinical
Endocrinology. New York: MeGraw-Hill Medical; 2011,

z m*mmtmu'llz"_wlm.omm:.

3 kalhdﬂwmmt—mdfingmmﬂde N
Engl ] Med. 2007;356 1499-1501

4 Risérus U, Willet W. Dietary fats and prevention of type
2 digbetes. Prog Lipid Res. 2009,48:44-51

§ World Health Organization Diabetes Fact Sheet Num-
ber. 2012312

6 lmm.HckLSmCY‘CupmﬂMW.R.m
madmmwwmm;:m

1 mﬂﬂdﬁymd 2011;117:218-224

7. Cooke DW, Plotnick L. "Type 1 diabetes mellitus in pe-
diatrics” . Pediatr Rev 2008:29:374-384

& The dishetes control and complications trial rescarch
poup. The elfect of intensive treatment of diabetes on

the development and progreasion

L

in Diabetes. The lmpact of

|m;4|.m-m,

.MAO.M!I.A
in: o disbetes-

2002957345383
14, Chumg C, Pimentl D, Jor dan Al

19.

10

21

Hao Y, Milberg W,
Novak V. declines in cerebral
yasoreactivity and cognition in type 2 diabetes. Neurol-

thnﬂ.lpﬂl“ﬂ.ﬂm!ﬂ
Waberski B, Burwood A, Weinget K, Bayless M, Dahms
W, Hagth | Diabetes Control and Complications Trial/

|
E-.

|

Scanned by CamScanner



mc.mu.m-n.m: Kem W.

Intranasal insulin to lqnnmnnwy mﬂ in hu-
mans, Neurocndocrinology. 2007.86:136-1.

28. Greenwood CE, ?nm G. Glucose treatment reduces

memory deficits in young adult rats fed high-fat diets.

Neurobiol Learn Mem. 2001:75:179-189.

29, Biessels GJ, van der Heide LP, Kamal A, Bleys ll-.

Gispen WH. Ageing and diabetes:

brain function. Eur ] Pharmacol. 2002;441:1-14.

Arab JB, Blumberg L. Introduction to the proceedings of

the fourth international scientific symposium on tea and

human health. J Nutr, 2008;138:1526-1528

Barone JJ, Roberts HR. Caffeine consumption. Food

Chem Toxicol. 1996;34:119-129

Smit HJ, Rogers PJ. Effects of energy dnnks on mood

and mental performance: Critical methodology. Food

Qual Pref. 2002;13:317-326.

Kaplan GB, Greenblant DJ, Ehrenberg BL, Goddard JE,

Cotreau MM, Harmaiz IS, Shader R1. Dose dependent

pharmacokinetics and effects of caffeine

in humans. J Clin Pharmacol. 1997,37:693-703,

. Lorist M, Tops MM. Caffeine, fatiguz and cognition.

Brain Cogn. 2003;53:82-94,

Doherty M, Smith PM. Effects of caffeine ingestion on

exercise testing: A meta- analysis. Intn J Sport Nutr

Exerc Metab, 2004;14:626-646.

Cysneiros RM, Farkas D, Harmatz JS, von Moltke LL,

Greenblatt D). Pharma- cokinetic and pharmacodynamic

interactions between zolpidem and caffeine. Clin Phar-

macaol Ther. 2007;82:54-62.

Blandini F, Nappi G, Tassorelli C, Martignom E. Func-

tional changes of the basal ganglia circuitry in Parkin-

son’s disease. Exp Neurobiol. 2000,62:63-88

Treviu J, Kawa K, Jalali A, Larsen C. Differential ef-

fects of adenosine antagonists in two models of par-

kinsonian tremor. Pharmacol Biochem Behav. 2009;

04:24-29

150 H, Date C, Wakai K, Fukui M, Tamakoshi A. Jacc

Swdy Group. The relationship between green tea and

otal caffeine intake and risk for self-reported. Ann

Intern Med. 2006;144:554-562

BB Fndbolm. JF Chen, RA Cunha, P Svcnmn;mn ™M

Vau, . Adenosine and brain function. [nt Rev Neuro-

biol. 2005;63:191-270.

Takahashi RN, Pamplona FA, Prediger RD. Adenosine

receptor antagonists for cognitive dysfunction: A review

of snimal studies. Front Biosci. 2008:13:2614-2632.

42 Cunha RA, Agostinho PM. Chronic caffeine consump-

Hon disturbance in different animal

Rk

Er R

a3

35

n

3

39

40

4]

95-116.
43. Chen JF, Sonsalla PK. Peduta F, Melani A, Domenic
Mmmnﬂmwlﬁﬂﬂ ]

prevents memory
ﬂdmmlmmﬂm

s

_8

i

3

ATPase ac-

tmty in sciatic nerves of rats with w
induced disbetes. Exp Neurol. 1976;53:285-288.

M, Srivastava L Effect of starvation, al- '
loxan diabetes and adrenalectomy on Na+ K+ ATPase 3
of the mucosa of the small intestine of rat. Biochem
Exp Biol. 1978;14:257-262.
. 1ill BB, Arthur PA, Karen JB, Jeffrey DB, Lisa AE, Eliz-
abeth H, James PH, Sherry M, Wolfgang S, Meir 5, Jane
T, Elizabeth Y. Strategies and methods for research on
sex differences in brain and behavior. Endocrinology.
2005;146:1650-1673
Wizemann TM. Pardue ML. the Biological
Contributions to Human Health: Does Sex Matter?
Washington, DC: Board on Health Sciences Policy,
Institute of Medicine; 2001.
Duarte MN, MMMAC.WAC.CH:&
_Cmumon Diabetes-Induced Memory =

Synqlﬂui:tj in the Hippocampus =
of NONcZNOIWLT) Mice. Neurochem Int. 200648 ;
144 i
57. Han BG, Hao CM, Tchekneva EE. Markers of glycemic
control in the mouse: Compansons of 6-h and overnight-

53.

§5.

56.

ummummuxmm
Metab. 2008:295:981-3
S8, Akagawa K. Tyukada Y.

Scanned by CamScanner



ummmmmmmmmm
Mircia LFC, Jilio CM, Matheus R. (Pre) diabetes, brain
“ﬂwmmnmmlm

68, ﬂn?.()ml.lnpkllldummm-mnﬂ’u
activities in and penty!
cpileptic rats. Pharm Res. 1997,36.69-72.
66. Stojanovic T, Djuricic BM, Mrsulja BB. The effect of
on Na-K ATPase activity in different rat
brain regions. Experientia. |980;36: 13481350,
67, Nﬂns.nms Luciane BP, Maribel AR, Jolio BT,

Graziela F, Mana EP, Cinthia MM, Sabina P, Marilia
VR, Fabiano Mlchclle M, Jessie MG, Andréia
MC, Ve an RCS. Effects of chlorogenic

Scanned by CamScanner



