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Abstract: Calcium concentration plays an important role in the development of diabetic complications in tissues
permeable to glucose like liver, blood vessels of retina, kidney and central and peripheral nervous systems. This
study was designed to investigate the possible involvement of intracellular electrolytes in antihypertensive
effects of diltiazem in diabetes. In diltiazem treated control rats serum, heart, kidney calcium and magnesium
were significantly decreased where as RBC, heart potassium and magnesium and Na-K-ATPase activity were
significantly increased as compared to control animals. In STZ-induced diabetic rats serum sodium, magnesium,
RBC potassium, ATPase activity, heart and kidney potassium were significantly decreased while serum
potassium, glucose, RBC and heart sodium were significantly increased. In diltiazem treated diabetic rats serum
and heart magnesium and serum glucose were increased where as RBC, heart, kidney sodium, heart, kidney
calcium, kidney magnesium and kidney potassiun were decreased significantly as compared to control rats. It
15 assumed that total peripheral resistance, systemic blood pressure and after load 1s decreased and thus
diltiazem is useful in managing angina and hypertension in diabetes by decreasing calcium and sodium in heart
and kidney tissues. Diltiazem may be useful in improving the clinical benefits for cardiovascular complications

in diabetes.

Key words: Diltiazem, electrolytes homeostasis, diabetic rats, Na-K-ATPase, streptozotocin

INTRODUCTION

It has been shown that mereased mtracellular
calcium concentration plays an important role in the
development of long term complications of diabetes in
the tissues permeable to glucose such as hiver, bloed
vessels of retina, kidney as well as central and peripheral
nervous system (Chan and Junger, 1984). Previous
studies showed that intracellular deposition of calcium
increases in  streptozotocin (STZ)-induced diabetic
models (Hightover et af., 1980). It has also been reported
that intracellular calcium levels of platelets and
erythrocytes increased in STZ-induced diabetic rats.
In addition to these findings, hyperglycemia nlibits
Ca-ATPase and increases intracellular calcium
concentration (Dunbar et al., 1989). Tt has been previously
hypothesized that glycated proteins which increase in
diabetes bind higher amount of calcium (Liang et al,
1986). In a previous study three different calcium charnnel
blockers were shown to have positive effects on the
general appearance, weight as well as the blood glucose
and HbAlc level n STZ-induced diabetic rats. This
condition was reported to be due to the calcium channel
blockers antioxidant effect and to intracellular calcium
homeostasis (Alev et al., 1995). Tt is suggested previously
that oxidative stress increased in diabetic kidney and
calcium channel blockage can prevent these change

(Anjaneyulu and Chopra, 2005). Our previous studies
showed the antihypertensive role of mtracellular and
tissue sodium, potassium, calcium and magnesium in
various induced forms of hypertension (Tabassum et al.,
1996). In order to investigate the possible involvement of
intracellular electrolytes in antihypertensive effects of
diltiazem n diabetes the present study was designed.
Despite the large body of evidences regarding the effects
of diltiazem administration on various hormenes and other
metabolites, very little is known regarding its role in the
intracellular and tissue content of sodium, potassium,
calcium and magnesium in STZ-induced diabetic rats. In
the light of the above findings it is hypothesized that
diltiazem’s antihypertensive and antioxidant preventive
role may be through alteration in the ntracellular and
tissue electrolytes. The present study describes the
role of Na-K-ATPase, serum and intracellular electrolytes
1n the entihypertensive effects of diltiazem in diabetic rats.
The work further elucidates the alterations of sedium,
potassium, calcium and magnesium in heart, kidney
and liver tissues after diltiazem administration in
streptozotocin nduced diabetic rats.

MATERIALS AND METHODS

Animals: Male wistar albmo rats, weighing 180-250 g
body weight were used.
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Induction of diabetes: Rats were housed in individual
cages at 20-40°C through out this study period with free
access to food and water. Diabetes mellitus was induced
by a single subcutaneous injection of STZ in a dose of
60 mg kg™ body weight. STZ was dissolve in citrate
buffer at pH 4.5. Control group received only citrate buffer
at the same amount. Blood sugar level was momnitored after
48 h of iygection. The ammals whose blood sugar level
was higher than 13 mmol at 48 h post injection period were
included in the study.

Experimental design: Anmimals were divided into four
experimental groups:

Control, diabetic, drug-treated diabetic and drug
treated control animals.

Diltiazem hydrochleride (30 mg kg™ day™) was
initiated 72 h after STZ injection. At the end of four weeks
period systolic blood pressure was monitored in terms of
mmHg by Harvard mdirect rat tail blood pressure system.
Rats were placed in restrainer for approximately 10 min
before the onset of blood presswre determination. The
mean of tree artifact free determination (not differ by 10%)
served as an index of SBP.

Sample collection: At the end of the treatment ammals
were decapitated and blood was sampled from the head
wound in the lithium heparin coated tubes. A portion of
blood was taken m the separate tube to collect the serum.
Heart and kidneys were excised, trimmed of connective
tissues, rinse with deionized water to eliminate blood
contamination, dried by blotting with filter paper and
weighed. The tissues were then kept in freezer until
analysis.

Intraerythrocyte sodium and potassium estimation:
Serumm was separated from the clotted bleod by
centrifugation, erythrocytes were prepared for the
estimation of sodium, potassium as described earlier
(Tabassum et al., 1996), simply heparimzed blood was
centrifuged and plasma was separated. Buffy coat
was aspirated and discarded. Erythrocytes were washed
three times at room temperature by suspension in the
112 mmel L™ magnesium chloride solution, centrifugation
at 450 x g for 5 min and aspiration of the supernatant. Final
supematant was retained for the estimation of sodium and
potassium  concentration. Neither electrolyte  was
detectable in the final wash. Washed erythrocytes were
then lysed and used for the estimation of ntraerythrocyte
sodium and potassium.

Erythrocyte membrane preparation: The red cell pack
extracted by centrifugation at 4°C were resuspended and
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diluted in 25 volumes of Tris buffer at pH 7.4. The
hemolyzed cells were than centrifuged at 12000 rpm at 4°C
and the membrane pellet was suspended in 30 mL of
0.11 mol L.™" Tris-HC1 buffer. This centrifugation step was
repeated three times. The final concentration of the
membrane suspension was ~<4 mg protein mL.~" of Tris
buffer. The membrane suspension was stored at -80°C
until the assay was performed.

Erythrocyte membrane Na-K-ATPase activity
measurement (Raccah ef al, 1996): Na-K-ATPase
activity was measured in a final volume of 1 mL as follows:
membrane (400 pg) was preincubated for 10 min at 37°C
in a mixture containing 92 mmel L™ Tris-HCI (pH 7.4),
100 mmol L™ NaCl, 20 mmol L' KCl, 5 mmol L™
MpgS0,.H,0 and 1 mmol/EDTA. Assays were performed
with or without cuabain (1 mmol L™"), a specific inhibitor
of Na-K-ATPase. After incubation with 4 mmol .7 ATP
at 37°C for 10 min, the reaction was stopped by adding
ice cold TCA to a final concentration of 5%. After
centrifugation at 4°C, 3500 g for 10 min the amount of
inorgame phosphate in the supernatant was determined
(Dryer and Tammes, 1957). Na-K-ATPase was calculated
as the difference between inorgamc phosphate released
during 10 min incubation with and without ouabain.
Activity was corrected to a nanomolar concentration of
inorgamc phosphate released mg™ protein h™. The
concentration of protein was determined by Biuret

method.

Tissue digestion: Frozen tissues were digested for 3 h at
room temperatire and then at 70°C for another 3 hin
20 ml, deionized water followed by 10 mL of concentrated
nitric acid and perchloric acid. The samples were
iitially heated very gently after foaming subsided the
temperature was increased to produce steady boiling.
The excess acid was boiled off to near dryness. The
digest then cooled to room temperature and analyzed for
sodium, potassium, calcium and magnesium content
(Kang et al., 1977, Leblondel and Allain, 1988).

Electrolytes estimation: Concentration of sodium and
potassium in serum, heart and kidney were analyzed by
flame photometer. Serum magnesium was estimated by 10n
selective electrode using ion meter 3345. Red cell sodium
and potassium were estimated by the method of Fortes
Meyer and Starkey (1977). Concentration of calcium in
serum, heart and kidney tissue was analyzed by Ca ion
selective electrode using ion meter 3345,

Statistical analysis: Results are presented as meantSD.
Significance difference from control and test values were
evaluated by student’s t-test.
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RESULTS

Effects of diltiazem on serum electrolytes in control and
STZ-induced diabetic rats: A decrease in concentration
of serum sodium observed in diltiazem treated and STZ
diabetic rats as compared to untreated control animals
(p<0.01). No significant change was observed in diltiazem
treated STZ diabetic rats. Concentration of potassium was
increased significantly in diltiazem treated diabetic rats as
compared to STZ-induced diabetic controls (p<0.05). No
significant change in serum calcium was observed in all
three groups. Concentration of magnesium was decreases
in STZ-induced diabetic group (p<0.05) however an
increased level was observed in STZ diabetic group
receiving diltiazem (p<0.01) (Fig. 1).

Effects of diltiazem on glucose, red cell sodium,
potassium and Na-K-ATPase activity in control and STZ-
induced diabetic rats:
confirmed by elevated blood glucose m ST-induced
diabetic group as compared to control. Diltiazem
administration in both normal and diabetic group did not
show any sigmficant effect on blood glucose level. STZ-
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Effects of diltiazem treatment on heart electrolyte
contents in control and STZ-induced diabetic rats:
Diltiazem treatment decreases sodium content in the heart
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observed. However diliazem treatment sigmificantly
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diabetic group (p<0.01). An increase potassium content of
heart tissue was observed in diltiazem treated group as
compared to control. In STZ-mduced diabetic group
potassium  content of heart tissue was decreased.

5.01
4.5+
4.04
3.54
3.07
2.51
2.0
1.51
107
0.57
0.0

L

wn

+

w

[ 8]

-

[~

Control  Diltiazem STZ- Diltiazem
treated  diabetic  treated
STZ-

Fig. 1: Effect of diltiazem on serum electrolytes in control and ST-diabetic rats. Values are means£SE (n = 8). Significantly
different from control *p<0.05 and **p<0.01. Sigmficantly different from STZ-diabetic control +p<0.05 and

++p=<0.01
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Diltiazem treatment increased magnesium content in
normal as well STZ-induced diabetic rats (p<<0.01). In STZ
diabetic group magnesium content in the heart tissue was
mcreased (p<0.01) (Fig. 3).

Effects of diltiazem treatment on kidney electrolyte
content in kidney tissue: Diltiazem treatment decreased
sodium, calcium and magnesium content in the kidney
tissue of both normal and STZ-induced diabetic rats as
compared to their respective controls (p<0.01). No
significant change m the kidney tissue sodium, calcium
and magnesium was observed in STZ-mnduced diabetic
group as compared to control rats. Potassium content of
kidney tissue was decreased significantly in STZ-induced
diabetic rats. In diltazem treated STZ-induced diabetic
mcreased potassium content of the kidney was observed
(p<0.01) (Fig. 4.

DISCUSSION

Calcium channel blockers improve diabetes-induced
cardiomyopathy, hypertension and hyperlipidemia
(Saito ef al., 1999). This study demonstrates that several
alterations in serum and tissue electrolytes occur after
diltiazem administration that may have a significant role to
improve diabetes induced cardiovascular complications.
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Effects of diltiazem on serum sodium and potassium
levels in control and STZ-induced diabetic rats: Present
study shows that serum sodium levels were sigmficantly
{(p<0.01) decrease in STZ-induced diabetic rats, whereas,
serum potassium levels were increase non-significantly,
(Fig. 1) as compared to control animals.

It has been previously reported that there is an
inverse relationship exist between sodium and potassium
levels. This disorder may be based on the movement of
electrolytes between intra and extra cellular spaces
dependent on impawed insulin acton as well as
hyperosmolality (Orskov ef al., 1994). These results are
supported by another study (Khadouri et al., 1994) which
concluded that serum sodium decreased significantly
while serum potassium mcreased in diabetic patients
results mn slight but sigmficant reduction m nerve
conduction velocity.

In STZ-induced diabetic rats hyperglycemia is
characterized by decreased in serum msulin associated
with increase in serum concentration of mineralocorticoids
and glucocorticoids, a decrease in serum concentration
of thyroid hormones an increase in serum potassium
and a decrease in total body K (Fein ef al, 1980,
Kindermann ef af., 1986). Thus it can be suggested that
plasma glucose decreases the insulin activity which in
turn increases the serum potassium levels in STZ-induced
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diabetic rats. The other possible mechanism is that in
STZ-induced diabetic rats angiotensin IT and plasma
aldosterone concentration were lowered (Levy et al,
1994),

Effect of diltiazem on serum calcium levels in control and
STZ-induced diabetic rats: In the present study, the
serumm concentration of calcium decreased in STZ-diabetic
rats whereas an increased calcium level was observed in
diltiazem-treated rats (Fig. 1).

Previous studies proposed that abnormal mtracellular
calcium metabolism causes insulin resistance and impair
msulm secretion resulting mn hypertension and obesity
and these abnormalities can be observed in red blood
cells and platelets of diabetic patients (Mazzanti et al.,
1989). Tt has been reported that erythrocytes from diabetic
patients have a higher intracellular Na™ concentration
(Hallam and Rink, 1985). Calcium was mversely related to
Na-K-ATPase activity so that the decrease of the latter
might raise calcium through increased intracellular
sodium (Ward et al., 2001) producing activation of Na-Ca
exchange.

In diabetic rats the decrease in calcium concentration
may be due to elevated GFR with raised winary output
and reduced calcium reabsorption (Denis and John, 1981).
Tt previously reported that the
reabsorption of glucose is essential to augment calcium
and magnesium excretion (Budriesi et al., 2007). Since an
enhanced urinary output of Ca and Mg is a characteristic

i renal tubular

of early human and experimental diabetes.

Previously it has been reported that calcium levels
were sigmificantly merease in hypertension (Sunaga and
Ogihara, 1990). The observed decreased calcium level
in STZ-induced diabetic rats may have a role in the
reduction of bloed pressure after diltiazem treatment.

Effects of diltiazem on serum magnesium levels in
control and STZ-induced diabetic rats: Ow present
results shows that there is a significant (p<0.01) decrease
in the serum magnesium concentration in diabetic rats as
compared with control whereas, significantly (p<t0.01)
mcreased magnesium was observed in diltiazem treated
STZ-mnduced diabetic rats (Fig. 1).

Magnesium depletion 13 a common feature of
diabetes mellitus, apparently related to glycemic control
(Resnick et al., 1993). The Mg deficiency that has been
demonstrated m msulim-resistant states such  as
hypertension and diabetes may contribute to suppressed
glucose metabolism and action (Paolisso and Barbagallo,
1997 Sales and Pedrosa, 2006) results in inhibition of both

basal and insulin stimulated glucose use.
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The increase in serum magnesium in STZ-induced
diabetic diltazem treatment may exert a
beneficial effect. Magnesium 1on also acts as a cofactor
for Na-K-ATPase. Magnesium also appears to be a
special kind of calcium antagonist m vascular smooth
muscle. At vascular membrane 1t can lower peripheral and
cerebral vascular resistance and lower arterial pressure
(Kaymaz et al, 1995). Thus the observed increase in
magnesium level may have a role in lowering of blood
pressure in STZ-induced diabetic rats.

rats after

Effects of diltiazem on glucose, red cell sodium,
potassium and Na-K-ATPase activity in control and STZ-
induced diabetic rats: Results showed that serum glucose
levels were slightly decreased in STZ-induced treated
diabetic rats (Fig. 2).

In diabetic ammals, the blood sugar levels were
significantly higher at the end of the experiment than the
mitial levels. However, such an mcrement of blood
glucose was not observed in animals treated with calcium
channel blockers. In other words, the increase of glycemia
in the diltiazem treated group was not of the sanie
magnitude as the STZ-induced diabetic group
(Chellingsworth et al., 1989; Grafter and Baxter, 1989).

Diltiazem in STZ-induced diabetic rats increased
Na-K-ATPase activity, serum Mg and decreased sodium
and increased K m red blood cells (Fig. 1, 2).

It has been shown that cellular magnesium deficiency
can alter the activity of the membrane bound Na-K-
ATPase, which 15 mvolved in maintenance of gradients
of Na and K and 1 glucose transport (Suzuki et al., 2006).
These findings are supported by the previous studies
that Mg deficiency causes alteration in the activity of
Na-K-ATPase, which results in K efflux and Na influx mto
the cells and this decrease the intracellular K content in
diabetes.

After the administration of diltiazem in STZ-diabetic
rats it is possible that the observed diltiazem induced
increase in serum magnesium may increase Na-K-ATPase
activity leading to increased intracellular potassium and
decreased sodium. Tt may be possible that the inhibition
of calcium influx with diltiazem may alter the intracellular
ratio of sodium to caleium, which n tum may activate the
Na-K-ATPase as a compensatory mechanism. It may be
possible that changes m the membrane conformation
caused by diltazem binding could directly stimulate the
ouabain-sensitive pump activity.

Effect of diltiazem in control and STZ-induced diabetic
rats on heart, kidney and liver electrolyte content: In the
present study, it was observed that Na and Ca content
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of heart and kidney were decreased in both normal and
STZ-mduced diabetic rats after diltiazem treatment as
shown in (Fig. 3, 4). Inkidney tissues an increase in K and
decrease in Mg content was observed (Fig. 4).

The widely accepted mechamsm of these actions as
an inhibition of transmembrane Ca influx in both cardiac
and vascular smooth muscles leading to reduction m the
force of cardiac contraction and peripheral vascular
resistance (Frey and Fleckenstein, 1985). The entry of
extracellular calcium ions is more important in initiating
the contraction of myocardial cells, while the release of
calcium ions from intracellular storage sites also
participates 1 vascular smooth muscle cells
(Chellingsworth et al., 1989). On the other hand, there 1s
some evidence demonstrating that using calcium channel
blockers (Balasubramamam et al., 2004) might reduce
intracellular Ca levels. Recently, it is proposed that it is
similar to verapamil m that it mhibits the influx of
extracellular calcium across both the myocardial and
vascular smooth muscle cell membrane. In coronary and
peripheral arterial smooth muscle and the heart, inhibition
of calcium entry blunts the ability of calcium to serve as
an intracellular messenger. Thus, diltiazem a smooth
muscle dilator and have a negative ionotropic effect on
the working myocardial cells of the atria and ventricles
(Kinoshita et al., 1979).

The tissue Na may be related to renin-angiotensin
system which diltiazem reported to antagomze, which in
turn decrease the calcium influx through Na-Ca exchange
mechanism and caused a decreased intracellular caleium
content and peripheral vascular resistance (Buhler et al.,
1985). Recently, it is proposed that diltiazem inhibit
smooth muscle cell proliferation in addition to their effects
on vascular tone.

CONCLUSION

In conclusion, we assume that total peripheral
resistance, systemic blood pressure and after load are
decreased and thus diltiazem is useful in managing
angina and hypertension in diabetic patients by
decreasing calcium and sodium in heart and kidney
tissues. The alterations in the electrolytes particularly
decreased red cell sodium, increased potassium,
mcreased serum magnesium and increased membrane
Na-K-ATPase activity in STZ-induced diabetic  rats
treated with diltiazem shows that diltazem may be used as
a useful treatment for improving the clinical benefits of
therapy for cardiovascular complications in diabetic
patients.

325

REFERENCES

Alev, AK., T. Huseyin, A. Tuncay and B. Sevim, 1995.
The effects of calcium channel blockers, verapamail,
nifedipine and diltiazem, on metabolic control in
diabetic rats. Diabetes Res. Clin. Pract., 28: 201-205.

Amjaneyulu, M. and K. Chopra, 2005. Diltiazem attenuates
oxidative stress in diabetic rats. Renal Failure,
27:335-344.

Balasubramaniam, R., S. Chawla, 1. Mackenzie,
C.J. Schwiening, A A. Grace and C.L. Huang, 2004.
Nifedipine suppress
arthythmogenesis and calcium release m mouse
hearts. Pflugers Arch., 449: 150-158.

Budriesi, R., B. Cosimelli, P. Loan, E. Carosati,
MP. Ugenti and R. Spisaru, 2007. Diltiazem
analogues: The last years on structure activity
relationships. Curr. Med. Chem., 14: 279-287.

Buhler, F.R., P. Bolli,P. Eme, W. Kiowsky, F B. Muller,
V.L. Hulthen and B.H. Ji, 1985. Position of
calcium antagonists in antihypertensive therapy.
I. Cardiovasc. Pharmacol., 7: S21-S27.

Chan, KM. and KD. Junger, 1984. The effect of
streptozocin-induced  diabetes

and diltiazem ventricular

on the plasma
membrane calcium uptake activity of rat liver.
Diabetes, 33: 1072-1077.

Chellingsworth, M.C., M.J. Kendall, A.D. Wright, S. Pasi
and J. Pasi, 1989. The effects of verapamil, diltiazem,
nifedipine and proprancl on metabolic control in
hypertensives with non-insulin dependent diabetes
mellitus. J. Hum. Hypertens., 3: 35-39.

Denis, RR. and F.S. John, 1981. Effects of glucose
on renal excretion of electrolytes in the rats.
Am. I. Physiol., 240: F17-F24.

Dryer, RL. and AR Tammes, 1957. The determination
of phosphorus and phosphatase with n-phenyl-p-
phenylenediamine. J. Biol. Chem., 225: 177-184.

Dunbar, I.C., F. Houser and I. levey, 1989. Beta cell
desensitization to glucose induced by hyperglycemia
15 augmented by increased calcium. Diabetes Res.
Clin. Pract., 7: 187-196.

Fein, F.S., L.B. Komsten, J.LE. Strobeck, J.M. Capasso
and EH. Somenblick, 1980. Altered myocardial
mechanics in diabetic rats. Cire. Res., 47: 922-933.

Frey, M. and A. Fleckenstein, 1985. Die bedeutung

fur die
cataractenstehyng bei alloxan-diabetischen rattern.
Fortschr. Ophthalmol., 82: 517-519.

Grafter, G. and M.A. Baxter, 1989. The role of magnesium
1n diabetes mellitus. I. Diabeter Compl., 6: 143-149.

der lenticularen calcium-uberladung



Int. J. Pharmacol., 3 (4): 319-326, 2007

Hallam, T.J. and T.T. Rink, 1985. Responses to adenosine
diphosphate to human platelets loaded with the
fluorescent calcium indicator Quin 2. J. Physiol,
368: 131-146.

Hightover, KR, V. Lewenz and V.N. Redy, 1980.
Intracellular deposition of calcium in streptozotocin-
induced diabetes rats. Invest. Opthalmol. Vit. Sci.,
19: 1059-1066.

Kang, H.EK., PW. Havey, JIL. Valentine and
M.E. Swendseid, 1977. Zinc, iron, copper and
magnesium concentrations in tissues of rats fed
various amournts of zine. Clin. Chem., 23: 1834-1837.

Kaymaz, A.A, H. Tan, T. Altug and A.S. Buyukdevrim,
1995. The effects of calcium chammel blockers,
verapamil, mfedipine and diltazem on metabolic
control in diabetic rats. Diabetes Res. Clin. Pract.,
28: 201-205.

Khadouri, C., C. Barlet-Bas and A. Doucet, 1994,
Mechanism of mereased tubular Na-K-ATPase
during diabetes. Pflugers. Arch., 409: 296-301.

Kindermann, W., W. Schmitt and A.7Z. Wolfing, 1986.
Korperliche leistungsfahigkeit, metabolismus and
hormonelles verhalten unter diltiazem. Kardiology,
75:99-106.

Kinoshita, M., R. Kusukawa, Y. Shimono, M. Motomura,
G. Tomonaga and T. Hoshino, 1979. The effects of
diltiazem hydrochloride upon sodium diuresis an
drenal function in chromic congestive heart failure.
Arrnemmittelforschung, 29: 676-681.

Leblondel, G. and P. Allam, 1988. Altered element

concentrations in  tissues of  spontaneously
hypertensive  rats. Biomed. Pharmacother.,
42:121-129.

Levy, I, IR. Gavin, III. and J.R. Sowers, 1994. Diabetes
mellitus: A disease of abnormal cellular calcium
metabolism. Am. T. Med., 96: 260-273.

Liang, YN., L.IL. Hershorin and 1..T. Chylack, 1986.
Non-enzymatic glycations in human diabetic lens
cystallines. Diabetologia, 29: 225-228.

Mazzanti, L., RA. Rabmi T. Testa and E. Bertoli,
1989. Modification induced by diabetes on the
physiochemical properties  of
erythrocyte plasma membrane. Eur. J. Clin. Invest,,
19: 84-89.

and functional

326

Meyer, K.D. and B.J. Starkey, 1977. Simpler flame
photometric determination of erythrocyte sodium and
potassium: The reference range for apparently
healthy adults. Clin. Chem., 23: 275-278.

Orskov, 1., M. Worm, O. Schmitz, A. Mengel and
P. Sidenius, 1994. Nerve conduction velocity in man:
Influence of glucose, somatostatin and electrolytes.
Diabetologia, 37: 1216-1220.

Paolisso, G. and M. Barbagallo, 1997. Hypertension,
diabetes mellitus and insulin resistance: The role
of mtracellular magnesiun. Am. J. Hypertens.,
10: 346-355.

Raccah, D., A. Cloudie, I.P. Azulay and V. Philip, 1996.
Erythrocyte Na-K-ATPase activity, metabolic control
and newropathy m IDDM patients. Diabetes Care,
19: 564-568.

Resnick, ..M., M. Barbagallo, R. K. Gupta and J.H. Laragh,
1993, Tonic basis of hypertension in diabetes mellitus
role of hyperglycemia. Am. J. Hypertens., 6: 413-417.

Saito, T., 5. Ishikawa, M. Higashiyama, T. Nakamura,
K. Rokkaku, H. Hayashi, I. Kusaka, S. Nagasaka and
T. Saito, 1999. Inverse distribution of serum sodium
and potassium in uncontrolled m patients with
diabetes mellitus. Endocri. T., 46: 75-80.

Sales, C.H. and L.F. Pedrosa, 2006. Magnesium and
diabetes mellitus: Their relationship. Clin. Nutr,
25: 554-562.

Sunaga, K. and M. Ogihara, 1990. Effects of calciun
channel blockers and hydralzine on plasma glucose
levels in diabetic rats. Jap. J. Phanmacol., 52: 449-455.

Suzaki, H., K. Yokoyama, Y. Akimoto and H. Daida, 2006.
Links climcal efficacy of mfedipine of vasospastic
angina pectoris. Arzneimittelforschung, 57: 20-25.

Tabassum, M., D.J. Haleem, M. Mumtaz and
M.A. Haleem, 1996. Stress and hypertension:
Role of serum, red cell and tissue electrolytes.
Life Sci., 58: 1587-1590.

Tabassum, M., M. Mumtaz and M.A. Haleem, 1996.
Electrolyte content of serum, erythrocyte, kidney
and heart tissue n salt induced hypertensive rats.
Life Sci., 59: 731-737.

Ward, D.T., SK. Yau, A.P. Mee, EB. Mawer, C.A. Miller
and A.O. Garland, 2001. Functional, molecular and
biochemical characterization of streptozotocin-
induced diabetes. J. Am. Soc. Nephrol., 12: 779-790.



	IJP.pdf
	IJP.pdf
	Page 1



