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Background: Black cumin (Nigella sativa) is an ancient herbal medicine recommended by 

the World Health Organization. The antioxidant and antihyperglycemic effects of black cumin 

are well established. Amelioration of renal dysfunction in nephrotoxic rats with black cumin 

treatment has also been noted. However, the effect of black cumin treatment on renal dysfunc-

tion in diabetes mellitus has not been clarified. In this study, the effect of black cumin oil (BC) 

on changes in renal dysfunction and renal hemodynamics in streptozotocin-induced diabetic 

rats was evaluated.

Methods: The experiments were performed in male Sprague Dawley rats, divided into four 

groups (seven in each group): (1) normal rats given tap water (CON); (2) normal rats admin-

istered with BC (CON-BC); (3) diabetic rats given tap water only (STZ); and (4) diabetic rats 

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

streptozotocin. BC was given orally at the dose of 1000 mg/kg body weight to the rat in either 

CON-BC or STZ-BC every day for 8 weeks. Renal hemodynamics and functions in each rat 

were studied.

Results: Renal hemodynamic changes in STZ-BC rats appeared to increase in terms of 

glomerular filtration rate, effective renal plasma flow, and effective renal blood flow, while 

renal vascular resistance and filtration fraction were decreased in comparison with diabetic rats 

given tap water only (STZ). An improvement of renal tubular dysfunction in STZ-BC rats was 

indicated by the decreases in fractional excretion of water and Mg++.

Conclusion: An administration of BC can restore changes in renal hemodynamics and renal 

dysfunction in streptozotocin-induced diabetic rats.

Keywords: black cumin, Nigella sativa, renal hemodynamics, renal dysfunction, fractional 

excretion of Mg++, streptozotocin-induced diabetic rats

Introduction
Black cumin or black seed (Nigella sativa) is the ancient traditional herbal medicine that 

has been used continuously in the Middle East and is well-known throughout the rest 

of the world.1–4 The World Health Organization recommends black cumin as a herbal 

medicine5 with anxiolytic effect6 and it is used as an essential ingredient in Eastern medi-

cine, including in Thai traditional medicine and Indian ayurvedic medicine. The active 

constituents of black cumin have been identified as thymoquinone, dithymoquinone, 

thymohydroquinone, and thymol.7 Several studies have shown the various therapeutic 

actions of black cumin. It has activity against diabetes,8,9 radical scavenging activity,10,11 

prevents lipid peroxidation,12 and increases the antioxidant defense system.12
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Renal dysfunction is a common complication in diabetes 

mellitus that is involved in oxidative stress changes.13–15 The 

amelioration of renal hemodynamic and function changes in 

diabetics has been elucidated by supplementation with anti-

oxidants.16–18 Black cumin was believed to be responsible for 

restoration in renal dysfunction in nephrotoxic rats through 

the antioxidant effect.19,20 However, knowledge of the effect 

of black cumin administration on changes in renal functions 

is still limited, especially in diabetes mellitus. Therefore, 

in the present study, the effect of black cumin oil (BC) on 

changes in renal dysfunction and renal hemodynamics was 

evaluated when administered in streptozotocin-induced 

diabetic rats.

Material and methods
Animals, experimental design,  
and treatments
All animals were cared for in accordance with recommenda-

tions given by the Ethics Committee of the Chulalongkorn 

University Animal Care and Use Committee. These guide-

lines were formulated to comply with international standards 

and are in accordance with the principles and guidelines for 

animal care of the National Council of Thailand (1999).

Twenty-eight male Sprague Dawley rats weighing 

180–200 g were used in this study. The rats were divided 

into four groups of seven rats each: (1) control rats given 

tap water (CON); (2) control rats administered with black 

cumin oil (CON-BC); (3) diabetic rats given tap water only 

(STZ); and (4) diabetic rats administered with BC (STZ-BC). 

Diabetes mellitus was induced in the rats by an intravenous 

injection of streptozotocin (Sigma Chemical Co, St Louis, 

MO) at a dose of 55 mg/kg via the tail vein while the control 

rat was injected with an equivalent volume of citrate buffer as 

vehicle.21 Two days after the injections, the blood samples of 

all rats which had fasted for 9 hours were obtained from the 

tail vein to verify the hyperglycemic state (blood glucose con-

centration .200 mg/dL). Streptozotocin-treated rats that did 

not exhibit hyperglycemia within 48 hours were excluded 

from the study. BC derived from the Nigella sativa plant by 

cold-pressed extraction (Sungsomboon Co, Ltd, Lopburi, 

Thailand) was given orally at a dose of 1000 mg/kg body 

weight to rats in the CON-BC or STZ-BC groups every day 

for 8 weeks. All animals were fed with standard rat chow and 

given tap water ad libitum. At the end of the experimental 

period, blood samples were taken from the tail vein of rats 

that had fasted for 9 hours and were tested for blood glucose 

concentration.

Renal hemodynamics and glomerular 
function study
On the specified day at the end of the experiment, an animal 

in each group was anesthetized with pentobarbitone sodium 

(Nembutal; CEVA Santé Animal, Libourne, France) 

(60 mg/kg body weight intraperitoneally). 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, Sydney, Australia). The femoral vein was 

also catheterized for infusion of mixture solution of inulin 

and para-aminohippuric acid (PAH).

The urinary bladder was exposed by an incision at linea 

alba to canulate for urine collection. The animal was sustained 

with an infusion of normal saline solution at the rate of 10 mL/

kg/h during the operation. After the operation, the mixture 

solution of inulin and PAH was infused instead of normal 

saline solution alone throughout the experiment. Two consecu-

tive urine samples and blood samples at the midpoint of each 

urine collection were collected to study the glomerular filtra-

tion rate (GFR) and effective renal plasma flow (ERPF) by 

renal clearances of inulin (C
in
) and PAH (C

PAH
) using standard 

techniques.22 The blood volume was sustained by 6% bovine 

serum albumin in normal saline solution. Blood pressure 

and heart rate were recorded throughout the period of study. 

Hematocrit values of the blood samples were determined 

using a microhematocrit centrifuge (Z230H; BHG HERMLE 

GmbH and Co, Gosheim, Germany) and a microcapillary 

reader (IEC CAT No. 2201, Damon/IEC Division, Houston, 

TX). At the end of the experiment, both kidneys were imme-

diately excised, the adhering fat removed, and weighed. The 

parameters of renal hemodynamics and glomerular function 

were calculated using the equations as follows:

	 GFR = C
in
 = U

in
 V/ P

in
	 (1)

	 ERPF = C
PAH

 = U
PAH

 V/P
PAH

	 (2)

	 ERBF = ERPF/1 - (Hct/100)	 (3)

	 FF = (GFR/ERPF) × 100	 (4)

	 RVR = MAP/ERBF	 (5)

where, GFR = glomerular filtration rate (mL/min/g kidney 

weight), C
in
 =  clearance of inulin (mL/min), U

in
 = urinary 

inulin concentration (mg/mL), V = urine flow rate (mL/min), 

P
in
 = plasma inulin concentration (mg/mL), ERPF = effective 

renal plasma flow (mL/min/g kidney weight), C
PAH

 = clearance 

of PAH (mL/min), U
PAH

 = urinary PAH concentration (mg/mL), 
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P
PAH

 = plasma PAH concentration (mg/mL), ERBF = effective 

renal blood flow (mL/min/g kidney weight), Hct = hemat-

ocrit value (%), FF  = filtration fraction (%), RVR  =  renal 

vascular resistance (mmHg/mL/min/g kidney weight), and 

MAP = mean arterial pressure (mmHg).

Renal tubular function study
Fractional excretions (FE) of sodium (FE

Na
), potassium (FE

K
), 

chloride (FE
Cl

), and magnesium (FE
Mg

) ions,23,24 and of water 

(FEH O2
) were performed to study the renal tubular function 

using the equations as follows:

	 FEH O2
 = (V/GFR) × 100	 (6)

	 FE
E
 = (U

E
V/P

E
 GFR) × 100	 (7)

where, FEH O2
  =  fractional excretion of water (%), 

GFR = glomerular filtration rate (mL/min/g kidney weight), 

V = urine flow rate (mL/min), FE
E
 = fractional excretion of 

the electrolytes (%), U
E
 = concentration of urinary electro-

lytes (mEq/L), and P
E
 = concentration of plasma electrolytes 

(mEq/L).

Chemical analyses
The urine and plasma samples were analyzed for inulin 

concentration by color developing using the diphenylamine 

method25 and PAH using the Smith method.22 Plasma and 

urinary sodium-, potassium-, and chloride-ion concentration 

were determined using ion-selective electrode potentiometry 

(Cobas Integra 400 Plus; Roche Diagnostics Ltd, Rotkreuz, 

Switzerland). Magnesium concentrations in plasma and urine 

were measured using an atomic absorption spectrophoto

meter (1100B; PerkinElmer, Inc, Waltham, MA). The blood 

glucose concentration was determined using a glucometer 

(Advance Glucometer; Boehringer Ingelheim Pharma GmbH 

and Co, KG, Mannheim, Germany).

Statistical analyses
The data were statistically analyzed by analysis of variance 

(ANOVA) using Duncan’s test as the post hoc test. The 

significant comparisons were considered at P-values ,0.05. 

The results are presented as means ± standard deviation.

Results
Blood glucose concentration, blood 
pressure, and heart rate
The data in Table 1 show that blood glucose levels signifi-

cantly increased about 5–6 fold in the diabetic rats (STZ) and 

diabetic rats treated with BC (STZ-BC) in comparison with 

those in rats in the CON and CON-BC groups (P , 0.001). 

The blood glucose concentration of STZ-BC rats slightly 

decreased (4%) as compared with STZ rats. The heart rates 

significantly decreased (15%) in untreated diabetic rats, 

while the blood pressures showed nonsignificant decrease 

as compared with those of CON rats. The systemic cir-

culatory parameters were maintained at the control levels 

in STZ-BC rats and systolic pressure and heart rate were 

significantly increased in comparison with those in STZ 

rats (P , 0.05).

Renal hemodynamics and glomerular 
function
Figure  1  shows significant decreases (P  ,  0.01) in GFR 

(37%), ERPF (66%), and ERBF (65%) in diabetic rats as 

compared with those of rats in CON and CON-BC. After 

administration of BC for 8 weeks to diabetic rats, there were 

significant increases (P , 0.01) in GFR (51%), ERPF (92%), 

and ERBF (98%) as compared with the results obtained in 

untreated STZ rats; these values did not differ from those 

recorded in the CON rats. Increases in RVR (P , 0.05) of 

nearly 2.5 fold and FF of 83% (P , 0.01) were apparent in 

STZ rats as compared with those of both CON and CON-BC 

Table 1 Alterations of blood glucose concentration and systemic circulation of control rats and diabetic rats after black cumin (Nigella 
sativa) oil administration (n = 7 in each group)

CON CON-BC STZ STZ-BC

Blood glucose (mg/dL)   74.9 ± 6.3   76.1 ± 4.4 387.6 ± 20.5a,b 374.1 ± 39.0a,b

Systolic blood pressure (mmHg) 122.9 ± 11.2 139.6 ± 12.6a 118.2 ± 11.0b 131.6 ± 11.3c

Diastolic blood pressure (mmHg)   96.6 ± 14.1 108.5 ± 15.4   94.9 ± 8.2 104.9 ± 13.0
Mean arterial pressure (mmHg) 105.2 ± 12.9 118.7 ± 14.4 102.6 ± 9.0b 113.7 ± 12.3
Pulse pressure (mmHg)   26.4 ± 5.3   31.1 ± 4.8 23.3 ± 4.2b   26.7 ± 4.2
Heart rate (beat/min) 320.0 ± 30.1 360.3 ± 32.2 272.7 ± 41.1a,b 329.1 ± 40.8c

Hematocrit (%)   45.1 ± 4.5   47.5 ± 4.0   47.4 ± 3.9   48.5 ± 1.5

Notes: Data are expressed as mean ± standard deviation. aCompared with CON; bcompared with CON-BC; ccompared with STZ in the same row, P , 0.05.
Abbreviations: CON, control rats; CON-BC, control rats administered with black cumin oil; STZ, diabetic rats not administered with black cumin oil; STZ-BC, diabetic 
rats administered with black cumin oil.
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rats (Figure 2). Administration of BC to diabetic rats could 

decrease RVR 50% (P  ,  0.05) and FF 25% (P  ,  0.01) 

compared with the results obtained in untreated diabetic rats, 

while they were not significantly different from the CON 

and CON-BC rats.

Renal tubular function
Fractional excretion of water (FEH O2

) and fractional excretion 

of Mg++ (FE
Mg

) of untreated diabetic rats significantly increased 

(P , 0.05) to approximately 120% and 106%, respectively, 

compared with those of CON rats and CON-BC rats (Table 2). 

After BC administration in STZ-BC rats, the values of FEH O2
 

and FE
Mg

 were significantly reversed (P  ,  0.05) to near 

the control levels, which were lower than those of STZ rats 

at approximately 47% and 32% (P  ,  0.05), respectively. 

FE
Na

 and FE
Cl

 seemed to be decreased but not significant in 

both untreated diabetic rats and treated rats in comparison with 

those of rats in both CON and CON-BC. The FE
K
 values in 

STZ and STZ-BC rats significantly decreased (P , 0.05) in 

comparison with those of CON and CON-BC rats. There was 

no significant difference for values of FE
Na

, FE
Cl

, and FE
K
 

between STZ and STZ-BC rats.

Discussion
The results obtained in the present study for the effect of BC 

administration on renal function and renal hemodynamics in 

diabetic rats showed that BC can ameliorate renal dysfunc-

tion in kidney disease in a similar way to that observed in 

the administration of BC to nephrotoxic rats.19,20 Profound 

glomerular dysfunction was apparent in the diabetic rats with 
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Figure 1 Effects of black cumin (Nigella sativa) oil administration on glomerular filtration rate (GFR), effective renal plasma flow (ERPF), and effective renal blood flow (ERBF).
Notes: All data are expressed as mean ± standard deviation. *Indicates significant difference between groups, P , 0.01.
Abbreviations: CON, control rats; CON-BC, control rats administered with black cumin oil; STZ, diabetic rats not administered with black cumin oil; STZ-BC, diabetic 
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a significant reduction of GFR and a marked increase in RVR, 

which agreed with the authors’ previous studies.17,21 During 

progression of diabetes, a gradual increase in angiotensin-

converting enzyme (ACE) was believed to be responsible for 

an increase in RVR.26 An elevation of ACE level contributes 

to an increase in angiotensin II resulting in vasoconstriction, 

which preferentially constricts renal efferent arterioles rather 

than afferent arterioles.27 The continuous vasoconstriction of 

renal arterioles leads to decreased GFR in diabetes. Inhibition 

of the renin-angiotensin system by ACE inhibitors has been 

reported to improve kidney function and these are commonly 

used in diabetics.28–32 The present results showed that BC 

administration in diabetic rats could decrease renal vascular 

resistance resulting in increases in effective renal plasma flow 

and renal blood flow near to values recorded in control rats, 

with consequent restoration of GFR level (Figure 1, Figure 2). 

In addition, BC administration in STZ-BC rats could lower 

the filtration fraction to near the control level. The high fil-

tration fraction, which indicates an improper ratio of GFR 

to ERPF, was apparent in the untreated diabetic rats.33 The 

extent of ERPF reduction was more than that of GFR in STZ 

rats. In treated diabetic rats, the degree of increase in ERPF 

was more than that of GFR. Given these findings, it is prob-

able that the dilatation of efferent arterioles would be more 

than that of the afferent arterioles during BC administration 

in diabetic rats. The present findings for the action of BC 

seem consistent with the action of ACE inhibitors,33 although 

neither the plasma angiotensin level, the dilatation, nor the 

constriction of efferent and afferent arterioles were measured 

directly in the present study. The ACE inhibitor-like effect 

of BC may occur not only in diabetic rats but also in control 

rats. Physiologically, local production of angiotensin II is not 

high. Additionally, the kidney can regulate both GFR and 

renal blood flow via process of autoregulation. Therefore, in 

the present study, the remarkable changes of both GFR and 

ERPF were less pronounced in CON-BC rats in comparison 

with the untreated control rats. The responsive effect of BC 

administration on kidney function via inhibition of the renin-

angiotensin system needs to be investigated further.

The present study shows that STZ rats in the absence of 

BC administration had a lower heart rate in comparison with 

the normal control level (Table 1). After BC administration 

every day for 8 weeks in diabetic rats, significant elevation 

of both heart rate and blood pressure was observed. The 

relationship between general circulation and renal hemody-

namics is recognized. An increase in systemic blood pres-

sure would contribute to an increase in ERPF, which would 

partly account for the increase in filtration pressure and GFR 

in STZ-BC rats. However, small alteration of the heart rate 

with significant increase in systolic blood pressure is, at least 

in part, affected by the role of BC in CON-BC rats. These 

results are in agreement with the previous study of cardiac 

inotropic and chronotropic adrenergic responsiveness of 

N. sativa–supplemented rats,34 but in contrast to other pre-

vious studies of the antihypertensive effect of BC.35–37 The 

discrepancy in results for BC administration in hypertension 

between those studies and the present study could reflect the 

differences in species studied, including the model used in the 

studies. The explanation for this interesting finding deserves 

further investigation.

It is known that in general physiological condition FE
Na

 

is usually ,1% during the reduction of renal hemodynamics. 

This was true in the diabetic rats in this study, in which 

RVR increased and GFR and RBF decreased. FE
Na

 and FE
Cl

 

seemed to decrease but not significantly in both untreated 

and treated diabetic rats in comparison with those of rats in 

both CON and CON-BC groups. These results indicate no 

tubular defect in Na+ reabsorption. However, hemodynamic 

changes and no alteration of FE
Na

 in comparable tubular dys-

function in diabetes seem unlikely. An increase in fractional 

excretion of Mg++ has been demonstrated to be an indicator 

for impairment of renal tubular reabsorption.23,24 FE
Mg

 in the 

Table 2 Alterations in renal tubular function of control rats and diabetic rats after black cumin (Nigella sativa) oil administration (n = 7 
in each group)

CON CON-BC STZ STZ-BC

Urine flow rate (μL/min/g KW)   5.93 ± 1.98a   9.15 ± 5.45a   7.42 ± 1.77a   6.56 ± 3.01a

FEH2O
 (%)   0.59 ± 0.20a   0.75 ± 0.44a   1.31 ± 0.75b   0.70 ± 0.25a

FENa (%)   0.61 ± 0.35a   0.64 ± 0.27a   0.40 ± 0.22a   0.32 ± 0.19a

FEK (%) 28.84 ± 7.13a 21.41 ± 3.95b 14.41 ± 2.72c 14.09 ± 3.45c

FECl (%)   0.81 ± 0.41a   0.93 ± 0.20a   0.62 ± 0.28a   0.59 ± 0.20a

FEMg (%)   5.53 ± 1.67a   6.4 ± 1.18a   12.3 ± 4.59b   8.34 ± 2.95a

Notes: Data are expressed as mean ± standard deviation. Mean values followed by different letters in the same row indicate significantly different values at P , 0.05.
Abbreviations: CON, control rats; CON-BC, control rats administered with black cumin oil; STZ, diabetic rats not administered with black cumin oil; STZ-BC, diabetic 
rats administered with black cumin oil.
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diabetic rats was higher (106%) than that of CON rats. After 

BC administration, FE
Mg

 of STZ-BC markedly decreased 

toward the control level (Table 2). The constriction of effer-

ent arterioles with an increase in RVR in diabetic rats would 

account for the decrease in peritubular blood flow, leading 

to decreased tubular Mg++ reabsorption. Alternatively, the 

dilatation of efferent arterioles during administration of BC in 

diabetic rats would increase peritubular blood flow and Mg++ 

reabsorption resulting in a decrease in FE
Mg

. Furthermore, 

increase in renal tubular reabsorption of water was apparent 

in STZ-BC rats. Diuresis usually occurs in diabetics in the 

absence of BC as a result of glycosuria and impairment of 

renal tubular function. It is probable that BC administration 

may ameliorate the impairment of renal tubular reabsorp-

tion, decrease glycosuria, or both. In the present study, BC 

administration did not decrease blood glucose concentration 

in STZ-BC rats as would be expected. This observation did 

not support other experimental studies of antihypergly-

cemic activities of BC administration.38,39 However, the 

slight decrease in blood glucose concentration in STZ-BC 

rats may contribute to the decrease in diuresis. In addition, 

the antioxidative stress activity of BC in the amelioration 

of renal dysfunction should not be ignored in the present 

experiment.10–12

In conclusion, BC administration in streptozotocin-

induced diabetic rats achieved a better restoration of 

changes in renal hemodynamics and renal dysfunction 

including the enhancement of vascular function. These 

findings deserve further investigation in terms of the role 

of BC in the inhibition of the renin-angiotensin system.
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