9 P § , _ . . Ao
NINITARNIIRIWINUIUVBY  transforming growth factor e mesangial matrix materials 11¥11

v a Aa ,35,36
WiAawernnaaslalulsaiwinang >

g3luan1i2e
mﬂﬁmsaﬁ’@L“?iUu@‘hLtﬁﬂwmm’mmm‘smﬁmzuﬂmﬁﬂmﬁa@]mﬂluvl@ 8ANT3

Aangndanwedla uazifiudszininwmsinusesleld nalnmseangnianaifisndas

ﬁ"i_lmiﬂ‘yﬁtd rennin-angiotensin system L8z mesangial matrix material overproduction "fi\‘l

ez levinnsdnsnealy

LONA1ID19D9

1. Cleary PD. Chiropractic use: A test of several hypothesis. Am J Public Health
1982;72:727-30.

2. Cook C, Baisden D. Ancillary use of folk medicine by patients in primary care clinics
in southwestern West Virginia. South Med J 1986;79:1098-101.

3. McGuire MB, with the assistance of Kantor D. Ritual healing in suburban America.
New Brunswick/New Jersey: Rutgers University Press; 1988. p. 94-9.

4. Hunt LM, Arar NH, Akana LL. Herbs prayer, and insulin: Use of medical and
alternative treatments by a group of Mexican-American diabetic patients. J Fam Pract
2000;49:216-23.

5. World Health Organization. Repeated administration of Nigella sativa decreases 5-HT
turnover and Nigella produces anxiolytic effects in rats. Index Medicus for the Eastern
Mediterranean Region 2009;8:61, WHO.

6. Perveen T, Haider S, Kanwal S, Haleem DJ. Repeated administration of Nigella sativa
decreases 5-HT turnover and produces anxiolytic effects in rats. Pakistan Journal of
Pharmaceutical Sciences 2009;22:139-44.

7. Zaoui A, Cherrah Y, Lacaille-Dubois MA, Settaf A, Amarouch H, Hassar M. Diuretic
and hypotensive effects of Nigella sativa in the spontaneously hypertensive rat.
Therapie 2000; 55: 379-82.

8.  Ali BH. The effect of Nigella sativa oil on gentamicin nephrotoxicity in rats. Am J Chin

Med 2004; 32:49-55.

15



10.

i

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Kanter M, Coskun O, Korkmaz A, Oter S. Effects of Nigella sativa on oxidative stress
and beta-cell damage in streptozotocin-induced diabetic rats. Anat Rec A Discov Mol
Cell Evol Biol 2004; 279: 685-91.

Rchid H, Chevassus H, Nmila R, Guiral C, Chokairi M , Sauvaire Y, Petit P. Nigella
sativa seed extracts enhance glucose-induced insulin release from rat-isolated
Langerhans islets. Fundamental & Clinical Pharmacology 2004; 18: 525-529.

Kanter M, Meral |, Yener Z, Ozbek H, Demir H. Partial regeneration/proliferation of the
beta-cells in the islets of Langerhans by Nigella sativa L. in streptozotocin-induced
diabetic rats. Tohoku J Exp Med. 2003: 201: 213-9.

Litﬂe JM. A modified diphenylamine procedure for the determination of inulin. J Bio/

Chem 1949;180:747-54.

Smith HW. Principle of renal physiology. New York: Oxford University Press; 1956. p.

196-214.

Reyes AA, Pukerson ML, Karl I, Klahr S. Dietary supplementation with L-arginine

ameliorates the progression of renal disease in rats with subtotal nephrectomy. Am J
Kidney Dis 1992;20:168-72.

Fornoni A, Lenz O, Striker LJ, Striker GE. Glucose induces clonal selection and
reversible dinucleotide repeat expansion in mesangial cells isolated from
glomerulosclerosis-prone mice. Diabetes 2003;52:2594-602.

Yusuksawad ‘MS, Chaiyabutr N. Changes in renal hemodynamics in streptozotocin-
induced diabetic rats with L-ascorbic acid supplementation. Clin Hemorheol Microcirc
2006;34:391-9.

Yusuksawad M, Thongruay S, Le Grand SM, Chaiyabutr N. Long-term effects of
vitamin C supplementation on glomerular changes in streptozotocin-induced diabetic
rats. Asian Biomedicine 2007;1:279-87.

Erman A, Veksler S, Gafter U, Boner G, Wittenberg C, Van Dijk DJ. Renin-
angiotensin system blockade prevents the increase in plasma transforming growth
factor []1, and reduces proteinuria and kidney hypertrophy in the streptozotocin-
diabetic rat. Journal of Renin-Angiotensin-Aldosterone System 2004;5: 146-51.
Andersen S, Tarnow L, Rossing P, Hansen BV, Parving HH. Renoprotective effects of
angiotensin |l receptor blockade in type 1 diabetic patients with diabetic nephropathy.
Kidney Int 2000;57:601-6. ‘

Hite PF, DeBellis HF. Diabetic Kidney Disease: A Renin-Angiotensin-Aldosterone
System Focused Review. Journal of Pharmacy Practice 2009;22: 560-70.

16



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Hiddo J, Heerspink L, Ninomiya1 T, Perkovic V, Woodward M, Zoungas S, Cass1 A,
Cooper M, Grobbee DE, Mancia G, Mogensen CE, Neal1 B, Chalmers J, for the
ADVANCE Collaborative Group. Effects of a fixed combination of perindopril and
indapamide in patients with type 2 diabetes and chronic kidney disease. Eur Heart J
2010;31:2888-96

Zoja C, Corna D, Gagliardini E, Conti S, Arnaboldi L, Benigni A, et al. Adding a statin
to a combination of ACE inhibitor and ARB normalizes proteinuria in experimental
diabetes, which translates into full renoprotection. Am J Physiol Renal Physiol
2010;299: F1203-11.

Bo.skabady MH, Shafei MN, Parsaee H. Effects of aqueous and macerated extracts
from Nigella sativa on guinea pig isolated heart activity. Pharmazie 2005:60:943-8.
Khattab MM, Nagi MN. Thymogquinone Supplementation attenuates hypertension and
renal damage in nitric oxide de[ |cient hypertensive rats. Phytother Res 2007:21:410-
14.

Roghani DF, Farhad KA. Antihypertensive effect of Nigella sativa seed extract in
patients with mild hypertension. Fund Clin Pharmacol 2008;6:447-52.

Futrakul N, Butthep P, Vongthavarawat V, Futrakul P, Sirisalipoch S, Chaivatanarat T,
et al. Early detection of endothelial injury and dysfunction in conjunction with
correction of hemodynamic maladjustment can effectively restore renal function in
type 2 diabetic nephropathy. Clin Hemorheol Microcirc 2006;34:373-81.

Futrakul N, Futrakul P. Renal microvascular disease in an aging population: a
reversible process? Ren Fail 2008:30:353-6.

Rchid H, Chevassus H, Nmila R, Guiral C, Petit P, Chokairi M, et al. Nigella sativa
seed extracts enhance glucose-induced insulin release from rat-isolated Langerhans
islets. Fundam Clin Pharmacol 2004:18:525-9.

Fararh KM, Atoji Y, Shimizu Y, Shiina T, Nikami H, Takewaki T. Mechanisms of the
hypoglycaemic and immunopotentiating effects of Nigella sativa L. oil in
streptozotocin-induced diabetic hamsters. Res Vet Sci 2004;77:123-9.

Burits M, Bucar F. Antioxidant activity of Nigella sativa essential oil. Phytotherapy
Research 2000;14:323-8.

Ramadan MF, Kroh LW, Morsel JT. Radical scavenging activity of black seed (Nigella
sativa L.), coriander (Coriandrum sativum L.), and niger (Guizotia abyssinica Cass.)
crude seed oils and oil fractions. Journal of Agricultural and Food Chemistry

2003;51:6961-9.

17



33.

34.

35.

36.

Meral |, Yener Z, Kahraman T, Mert N. Effect of Nigella sativa on glucose
concentration, lipid peroxidation, anti-oxidant defence system and liver damage in
experimentally-induced diabetic rabbits. Journal of Veterinary Medicine Series A-
Physiology Pathology Clinical Medicine 2001;48:593-9.

Baynes JW. Role of oxidative stress in development of complications in diabetes.
Diabetes 1991; 40:405-12.

Heidland A, Sebekova K, Schinzel R. Advanced glycation end products and the
progressive course of renal disease. Am J Kidney Dis 2001;38:S100-6.

Lee HB, Yu MR, Yang Y, Jiang Z, Ha H. Reactive Oxygen Species-Regulated
Signaling Pathways in Diabetic Nephropathy. J Am Soc Nephrol 2003;14: S241-5.

18



Output 31nlasen1s3veflasunuwain an.

1. iauaduatiuiiensfAuluansans The Iranian Red Crescent Medical Journal GH
TERTWMINNTIH) ﬁ'ad “The restoration of changes in renal hemodynamics and
functions during black cumin (Nigella sativa) administration in streptozotocin-
induced diabetic rats” %a;:d:l,wid M Yusuksawad and N Chaiyabutr

2. mabhwanwiselulsurelemidimmsuclos Imsudanenwdsofendu
sy lwafioudlumuieneg 1w dussuumaduemis ssuuilauaznaaaiion
FulITUAINGT wenSanwuasfiamiy uszmItasuuas metabolism uazdiadl

'Lmhwwmmﬁvlﬁi"ummﬁmﬁ UG

19



ATANWIAN



The restoration of changes in renal hemodynamics and
functions during black cumin (Nigella sativa) administration in

streptozotocin-induced diabetic rats

M Yusuksawad,l* and N Chaiyabutr2

2
]Department of Physiology, Faculty of Medicine, Department of Physiology, Faculty of Veterinary

Science, Chulalongkorn University, Thailand

Correspondence: Mariem Yusuksawad, PhD

Affiliation: Department of Physiology, Faculty of Medicine, Chulalongkorn University
City, Province: Bangkok 10330

Country: Thailand

Tel: 662-2527854 ext. 2033

Fax: 662-2527854 ext. 2062

E-mail: myusuksawad @hotmail.com

Abstract

Background: Nigella sativa (black cumin) is an ancient herbal medicine recommended by WHO.
The anti-oxidative and anti-hyperglycemic effects of black cumin have been demonstrated. Black
cumin may ameliorate renal dysfunction in nephrotoxic rats. It is not clear whether black cumin is
effective for renal dysfunction in diabetes mellitus.

Objective: To investigate effects of black cu£nin oil (BC) on changes in renal dysfunction and renal
hemodynamics in streptozotocin-induced diabetic rats.

Methods: Male Sprague-Dawley rats were carried out and divided into four groups: control rats
given tap water (CON) or adrninistcred with BC (CON-BC), diabetic rats given tap water only

(STZ) or administered with BC (STZ-BC). Diabetes mellitus was induced by an injection of



streptozotocin. BC (1000 mg/kg) was orally administered for 8 weeks. Renal hemodynamics and
functions were studied.

Results: As comparing with STZ rats, renal hemodynamics of STZ-BC rats showed increases in
glomerular filtration rate, effective renal plasma flow and effective renal blood flow, while renal
vascular resistance and filtration fraction were decreased. The improvement of tubular dysfunction
in STZ-BC rats were indicated by the decreases in fractional excretion of water and Mg.
Conclusion: BC administration could restore changes in renal hemodynamics and renal dysfunction

in the streptozotocin-induced diabetic rats.

Keywords: Black cumin (Nigella sativa), renal hemodynamics, renal dysfunction, fractional

excretion of Mg, streptozotocin-induced diabetic rats

Introduction

Nigella sativa (black cumin or black seed) is the ancient traditional herbal medicine which
has been continuously used in Middle East and more well-known throughout the world.*** It also
is an essential ingredient in Eastern medicine, including Thai traditional medicine and Indian
Ayurvedic medicine. Black cumin has been recommended as herbal medicine by the World Health
Organization.>® The active constituents of black cumin were identified as thymoquinone,
dithymogquinone, thymohydroquinone and thymol.” Scientific researches have continuously
confirmed the various therapeutic actions of black cumin including anti-diabetes,® radical
scavenging activity!®!! lipid peroxidation prevention and increase of anti-oxidant defense system.'?

Renal dysfunction is associated with oxidative stress in diabetes mellitus.'>'*!* The
amelioration of renal hemodynamic and function changes in diabetics has been elucidated by the
supplementation with anti-oxidants.'*!"'®, The anti-oxidant effect of black cumin also has been

proved that it could restore renal dysfunction in nephrotoxic rats.'>* However, the effect of black



cumin administration on changes in renal functions has not been elucidated in diabetes mellitus.
Therefore, the present study was performed to clarify whether black cumin administration could
ameliorate changes in renal hemodynamic and renal dysfunction in streptozotocin-induced diabetic
rats.

Materials and Methods

This study was conducted according to the guideline for the use of experimental animals of
the National Research Council of Thailand (1999). The research protocol has been approved by
Chulalongkorn University Animal Care and Use Committee (CU-ACUC).

Animal model

Twenty-eight male Sprague-Dawley rats weighing 180-200 gram were carried out in this
study. The rats were divided into four groups: CON, control rats given tap water; CON-BC, control
rats administered with black cumin oil (BC); STZ, diabetic rats given tap water only; STZ-BC,
diabetic rats adrﬁinistered with BC. Diabetes mellitus was induced in the rats by an intravenous
injection of streptozotocin (Sigma Chemical Co., USA) at the dose of 55 mg/kg via tail vein while
control rats were injected with an equivalent volume of citrate buffer as vehicle.?! Two days after
the injections, the 9 hours-fasting blood samples of all rats were obtained from tail vein to verify the
hyperglycemic state (the blood glucose concentration >200 mg/dl) using a glucometer (Advance
Glucometer, Boehringer Mannheim, Germany). The streptozotocin-treated rats without the
exhibition of hyperglycemia in 48 hours were excluded from this study. Black cumin oil derived
from a plant (Nigella sativa) by cold pressed extraction (Sungsomboon Co. Ltd., Lopburi, Thailand)
was orally given at the dose of 1000 mg/kg body weight to the rats in both CON-BC and STZ-BC in
every day for 8 weeks. The rats in CON and STZ were given only distilled water. All animals were

fed with standard rat chow diet and given tap water ad libitum.



Blood glucose concentration

Nine-hour fasting blood glucose concentration was determined at the end of experimental
period. The rats were given excess food throughout the night before starting a fast since 8.00 a.m.
until 5.00 p.m. Blood sample was taken from tail vein to rﬁeasure blood glucose concentration using
the glucometer.

Renal hemodynamics and glomerular function study

Renal clearances of inulin (Ci,) and para-aminohippuric acid (Cpan) representing glomerular
filtration gate (GFR) and effective renal plasma flow (ERPF) were studied. The animal was
anesthesized with pentobarbitone sodium (Nembutal, CEVA SANTE ANIMAL, France) (60 mg/kg
body weight i.p). A tracheostomy was performed to facilitate respiration. The right common carotid
artery was catheterized for collecting blood samples and monitoring blood pressure and heart rate
(McLab System, ADInstruments). The femoral vein was catheterized for infusion of mixture solution
of inulin and para-aminohippuric acid (PAH).

The urinary bladder was exposed by an incision at linea alba in order to puncture and
canulate for urine collections. Normal saline solution was infused at the rate of 10 ml/kg/ hr during
the operation. After the operation completed, the mixture solution of 1 g/dl of inulin and 0.2 g/dl of
PAH was infused instead of normal saline solution alone throughout the experiment. Blood
pressure and heart rate were recorded continuously. Following the equilibration period of 1 hour,
two consecutive 20-minute urine samples were collected. Blood samples were obtained at the mid-
point of each urine collection. For sustaining the blood volume, 6% bovine serum albumin in
normal saline solution was transferred immediately to the rat. The blood samples were determined
hematocrit value using a micro-hematocrit centrifuge (model Z230H, BHG HERMLE) and micro-
capillary reader (LE.C. Cat No. 2201, DAMON/IEC DIVISION) before separating plasma. At the

end of the experiment, both kidneys were immediately excised, removed the adhering fat and



weighed. The parameters of renal hemodynamics, and glomerular function were calculated using

the equations as follow:

GFR = Cip=Up V/Py @))
ERPF = Cpan = Upan V/Ppan | 2
ERBF = ERPF/1-(Hct/100) 3)
FF = (GFR/ERPF) x100 (&)
RVR = MAP/ERBF ®)

Where, GFR=glomerular filtration rate (ml/min/g kidney wt), Cy=clearance of inulin (ml/min),
Up=urinary inulin concentration (mg/ml), V=urine flow rate (ml/min), Pj=plasma inulin
concentration (mg/ml), ERPF=effective renal plasma flow (ml/min/g kidney wt), Cpag=clearance of
PAH (ml/min), Upay=urinary PAH concentration (mg/ml), Ppag=plasma PAH concentration (mg/ml),
ERBF=effective renal blood flow (ml/min/g kidney wt), Hct=hematocrit value (%), FF=filtration
fraction (%), RVR=renal vascular resistance (mmHg/ml/min/g kidney wt), MAP=mean arterial
pressure (mmHg).

Renal tubular function study

To study renal tubular function, a reflection tubular transport was assessed by determining

the fractional excretion of magnesium ion?*?

and fractional excretion of water using the equations
as follow:

FEn,0 (V/ GFR) x100 (6)

FE (Ui V/Pyg GER) x100 )

In the above formula, FEg,0 =fractional excretion of water (%), GFR=glomerular filtration rate
(ml/min/g kidney wt), V=urine flow rate (ml/min), FEpmg=fractional excretion of magnesium (%),
Umg=concentration of urinary magnesium (uEq/pl), Pvg=concentration of plasma magnesium

(HEg/pl).



Chemical analyses

The urine and plasma samples were analyzed for the concentration of inulin by color
developing with diphenylamine method * and PAH by the method of Smith.’ Magnesium
concentration was determined using an atomic absorption spectrophotometer (model 1100B,
PerkinElmer, Inc., MA, USA).

Statistical analyses
The data were statistically analyzed by analysis of variance (ANOVA) using Duncan’s test
as post hoc test. The significant comparisons were considered at p-value lower than 0.05. The

results are presented as means+SD.
Results

Blood glucose concentration, blood pressure and heart rate

The data in Table 1 show that the blood glucose levels of the diabetic rats in STZ and STZ-
BC were higher about 5-6 folds (p<0.001) than those of the rats in both CON and CON-BC. STZ-
BC rats were slightly decrease (4%) in blood glucose concentrations as compared with STZ rats.
STZ rats were significantly decreased (15%) in heart rate (HR) and slightly decreased in blood
pressure as compared with those of CON rats (Table 1). After BC administration, the blood pressure
of diabetic rats in STZ-BC was maintained to the control level. The systolic pressure, mean arterial

pressure and pulse pressure were increased in STZ-BC rats as compared with those of STZ rats.



Table 1:

Blood glucose concentration and systemic circulation of the control rats and the

diabetic rats after black cumin administration for 8 weeks (n=7)

CON CON-BC STZ STZ-BC
Blood glucose concentration 74.9+63 761444 38764205 g 374.1439.0 =
(mg/dl)
Systolic pressure (mmHg) 12294112 139.6+12.6 : 118.2+1 1.0b 131.6+11.3 i
Diastolic pressure (mmHg) 96.6+14.1 108.5+15.4 94.9+8.2 104.9+13.0
Mean arterial pressure (mmHg) 105.2+412.9  118.7+14.4 102.6+9.0 ° 115.7312.3
Pulse pressure (mmHg) 26.4+5.3 31.1+4.8 23.3+4.2 ° 26.744.2
Heart rate (beat/min) 320.0430.1 36034322 272.7+41.1 3 329.1+40.8 y
Hematocrit (%) 45.1+4.5 47.5+4.0 47.443.9 48.5+1.5

a b c
Data are expressed as mean+SD.  compared with CON, compared with CON-BC and compared with

STZ in the same row, p<0.05



Renal hemodynamics and glomerular function

Renal hemodynamics significantly decreased (p<0.01) in diabetic rats for GFR (37%), ERPF
(66%) and ERBF (65%) as compared with those of rats in CON and CON-BC (Fig. 1). After BC
administration for 8 weeks, renal hemodynamics and glomerular function of STZ-BC rats were
increased (p<0.01) for GFR (51%), ERPF (92%) and ERBF (98%) than those of STZ rats, while it
were not different from the control level. Increases in RVR (p<0.05) nearly 2.5-fold and FF 83%
(p<0.01) were apparent in STZ as compared with CON and CON-BC (Fig. 2). After BC
administration, RVR decreased 50% in STZ-BC rats (p<0.05) and FF decreased 25% (p<0.01) as

compared'with STZ, while it were not significant different from CON and CON-BC rats.
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Figure 1: Effects of black cumin administration on glomerular filtration rate, effective renal
plasma flow and effective renal blood flow of the control and diabetic rats. All data are expressed as
means+SD. The number of rats is 7 for each group. * indicates the significant difference between

groups, p<0.01. [JCON [ECON-BC BISTZ BSTZ-BC
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Figure 2: Effects of BC administration on filtration fraction and renal vascular resistance in the
control and diabetic rats. All data are expressed as means+SD. The statistical significances between
groups are indicated by * p<0.05 and ** p<0.01. The number of rats is 7 for each group.
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Renal tubular function

STZ rats was significantly increased (p<0.05) in fractional excretion of water (FEn,0) and
fractional excretion of Mg (FEy) as compared with those of CON rats and CON-BC rats (Table 3).
They were 120% higher for FEy,o and 106% for FEwy,. After BC administration, they were
significantly decreased (p<0.05) toward the control level. FEn,o0 of STZ-BC rats was 47% lower

than that of STZ rats and 32% for FEu;, (p<0.05).
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Table 2: Effects of black cumin administration on renal tubular functions in the control and

diabetic rats (n=7)

CON CON -B(? STZ STZ-BC
Urine flow rate
(ul/min/g KW) 5.93+1.98 9.15+ 545 7.4241.77 6.56+3.01
FEn,0 (%) 0.59+0.20 0.75+0.44 1.31+0.75° 0.70+0.25 v
Py (mEg/L) 1.86+0.08 1.83+0.09 1.84+0.14 1.7340.15

UV
(uEq/min/g kidney wt) 0.10+0.03 0.14+0.04 0.14+0.03 0.13+0.06

a b
FEwn, (%) 5.53+1.67 6.4+1.18 12.3+4.59 8.34+2.95

a b
Data are expressed as mean+SD. compared with CON and compared with STZ in the same row, p<0.05
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Discussion

The results obtained in the present study for effects of BC administration on renal
hemodynamics and function in diabetic rats showed that BC can ameliorate renal dysfunction in
kidney disease. This amelioration of renal dysfunction in diabetic rats by BC administration was
agree with the previous reports in nephrotoxic rats.'®? In the present study, the glomerular
dysfunction with a marked reduction of GFR in the diabetic rats was apparent. In addition, an
increase in RVR was seen in diabetes as our previous studies.'”*! The increase in RVR may be
associated with the disturbance of renin-angiotensin system, since angiotensin converting enzyme
(ACE) is often increased gradually during progression of diabetes 2 Raising ACE causes the
increase in renovascular resistance. An extent of efferent arteriole constriction leads to an increased
osmotic pressure in the glomeruli, resulting in a decrease in GFR in diabetes. Inhibition of renin-
angiotensin system (RAS) by ACE inhibitor has been found to improve kidney function and is
commonly used in diabetes.?”?#2>% In the present study, the diabetic rats administered with BC
could restore the level of GFR (Figure 1). The result is consistent with the decrease in renal vascular
resistance and the increases in effective renal plasma flow and renal blood flow of STZ-BC, nearly
the control level (Figure 2). These results suggest that BC may play a role in the blockade of RAS.
In addition, BC administration in STZ-BC rats could decrease filtration fraction toward the control
level (Figure 2). The decreased filtration fraction indicates that efferent arterioles dilate over
afferent arterioles resulting in the increase in GFR. It suggests that BC might have a renal
vasodilator effect or play a role in the inhibition of ACE. The decrease in RVR, increase in GFR
and simultaneous increase in ERPF acquire the proper filtration fraction in STZ-BC rats.

In the present study, STZ rats had a lower heart rate from the control level (Table 1). After
BC administration, the decreases in heart rate and blood pressure of STZ-BC were improved
reaching the control levels. The increase in arterial pressure is another cause of the increases in
GFR and renal plasma flow in STZ-BC rats. In contrast to other previous studies which reported

that the anti-hypertensive effect of BC, including decreases in cardiac contractility, heart rate and
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blood pressure.”’’”>** For diabetic rats, we have showed that BC administration could relieve the
low blood pressure and the heart rate. This effect of BC on cardiovascular function was confirmed
in the control rats treated BC (CON-BC) (Table 1). It suggests that BC might have a dual effect on
cardiovascular function depending on the situations.

Fractional excretion of Mg™" has been noted to be an indicator for renal tubular transport.
Increasing FEy indicates impairment of renal tubular reabsorption.?*? In the present study, an
increase in RVR of the diabetic rats would account for the decrease in the peritubular blood flow
owing to the constriction of efferent arteriole. It would attribute to the decrease in tubular
reabsorption of Mg*". The FEy; in the diabetic rats was higher (106%) than that of CON rats. After
BC administration, FEy, of STZ-BC markedly decreased toward the control level (Table 3). The
dilation of efferent arteriole could result in an increase in peritubular blood flow leading to an
increase in Mg*" reabsorption. The decrease in FE; suggests that BC could restore the renal
tubular reabsorption impairment in the diabetic rats. In addition, renal tubular reabsorption of water
was apparent in STZ-BC rats. Generally, diuresis occurs in diabetics resulting from glycosuria and
impairment of renal tubular function. In the present study, STZ-BC rat was decreased in FEpyo. It
indicates that BC administration may ameliorate the renal tubular dysfunction, decrease in
glycosuria or both. The slight decrease in blood glucose concentration of STZ-BC rats may result in
the decrease in glucose concentration in the urine.

In the present study, the effect of BC on decreasing blood glucose concentration was unclear.
It was different from other previous reports of anti-hyperglycemic activities.***> The decrease in the
blood glucose concentration in STZ-BC rats was apparent only 4% (Table 1). However, the anti-
oxidative stress activity of BC has been noted'®!'2, which probably occurs in the present
experiment. The reduction in hyperglycemia, coinciding with an increase in anti-oxidant system,
might contribute the amelioration of renal dysfunction in STZ-BC rats.

In conclusions, the administration of BC can restofe changes in renal hemodynamics and renal

dysfunction including the enhancement of vascular function in the streptozotocin-induced diabetic
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rats. For the mechanism, BC might play a major role in the inhibition of rennin-angiotensin system.

An action of BC related ACE inhibitor is intriguing in diabetes mellitus.
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