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Introduction

Biological rhythms are common omnipresent phenomena found in 
almost all living organisms [1]. These rhythms synchronize various 
physiological as well as behavioural and biochemical processes [2] in 
the biological system, with changes in environmental factors thus 
allowing the organism to adapt, anticipate, and respond to changes 
effectively. 

It is well established that many physiological processes and 
parameters such as body temperature, sleep-wake cycles [2], feeding 
behaviours, endocrine functions [3], hepatic metabolism, renal 
functions [4] and many others exhibit rhythmicity. These types of 
variations to a very great extent cause changes in both disease states, 
and plasma drug concentrations [5]. This is because circadian rhythm 
has been found to affect the pharmacokinetics of several medications 
[6-8], and hence may affect pharmacodynamic outcomes. 
Chronopharmacokinetic studies of 5-methoxylpsoralen show that its 
AUC was higher after evening administration than morning or 
afternoon dosing [9]. Similarly, the circadian rhythm in the 
pharmacokinetics of valproic acid shows that morning administration 
produces significantly higher plasma concentrations with least drug 
clearance compared to night administration [10]. Hence, for improved 
efficacy in drug therapy, especially in disease conditions that show 
rhythmicity like diabetes mellitus [11], it is important that drug delivery 
is timed to match the rhythms of disease conditions and also with 
considerations for the chronopharmacokinetics of the drugs.

Diabetes Mellitus (DM) has been identified as the most prevalent 
metabolic disorder worldwide [12,13] and is a clinical condition in 
which the metabolism of carbohydrate, protein and fat are impaired 
[14]. Poor management of DM predisposes diabetic patients to chronic 
complications which include atherosclerosis, retinopathy, 
nephropathy and peripheral neuropathy. These chronic complications 
of diabetes are the leading cause of morbidity and mortality among 

diabetic patients worldwide [15-16]. 

Diabetic nephropathy (DN) is on the increase, and is reported as the 
leading cause of chronic renal failure and end-stage renal disease 
worldwide [17]. Data shows that 43% of patients on dialysis with 
chronic renal failure suffer from diabetic nephropathy. In addition, 
about 60% of mortality in diabetic patients is consequence of diabetic 
nephropathy, and mortality in diabetics due to renal failure is about 17 
times more than in non diabetic populations [18-19]. While 
hyperglycemia has been shown to be a major determinant for the 

progression of diabetic nephropathy [20-21], adequate treatment is 
required to maintain blood glucose levels, as well as the institution of 
other measures to delay the onset and prognosis of diabetic 
nephropathy. 

Sulphonylureas (e.g. glimepiride) are among the most frequently used 
anti-diabetic drugs, and are often combined with other drugs for the 
management of type 2 diabetes mellitus [22]. Nifedipine therapy in 
high blood pressure with diabetes has been shown to delay the onset 
and progression of nephropathy in humans [23-26]. Thus, the use of 
nifedipine alongside glimepiride in diabetes will expectedly offer 
advantage against nephropathy. However, concurrent administration 
of glimepiride and nifedipine results to an undesirable interaction [27-
28]. Finding an alternate timing regimen with chronotherapeutic 
considerations may offer an acceptable and effective alternative to 
concurrent administration. This may preserve the therapeutic benefit 
of both medications in diabetes with consequent improved glycaemic 
control and prognosis of diabetic nephropathy. Thus, this study 
investigated the effect of 21-day chronomodulated nifedipine 
administration on the prognosis of nephropathy in glimepiride treated 
hyperglycaemic rats, by evaluating levels of serum renal markers, 
relative kidney weight as well as histological studies of the kidneys of 
hyperglycaemic rats.
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Materials and Methods

Animals

Forty male albino Wistar rats weighing between 130-150 g were used 
for the study. The rats were obtained from the Department of 
Biochemistry, Faculty of Natural Sciences, Salem University, Lokoja, 
Nigeria and housed in the Animal House Facility of the Department of 
Pharmacology and Therapeutics, Faculty of Pharmaceutical Sciences, 
Ahmadu Bello University, Zaria, Nigeria. The animals were maintained 
on a natural light/dark cycle, and housed in cages at room temperature 
with access to food and water ad libitum, except when experimental 
protocol required otherwise. The study was conducted according to 
ethical guidelines on laboratory animal use and care policy, which is in 
compliance with Ahmadu Bello University Research Policy. 

Chemicals and drugs

Glimepiride (Sonafi Aventis D-65926 Germany), streptozotocin (Sigma-
Aldrich MO.63103 USA), nifedipine (Lek Pharmaceuticals, Slovenia), 
10% dextrose in water (Juhel Nig Ltd, Enugu), chloroform, 10% 
formalin, ethanol, polyethylene glycol (Sigma chemical, Germany).

Equipment and other materials

Glucometer (Accu-chek Active, Roche Diagnostics, Germany), glucose 
test strips (Accu-chek Active, Roche Diagnostics, Germany), cotton 
wool, weighing balance (AE240 dual range, Mettler instrument 
corporation, USA), dissecting kit heparinised bottles, UV-VIS 
spectrophotometer (752 China), Cannula, syringes. 

Induction of diabetes

Hyperglycaemia was induced as described by [29]. Streptozotocin was 
reconstituted in a freshly prepared 0.1M cold citrate buffer with pH of 
4.5. After 12 h of fasting, the rats were treated with a single 
intraperitoneal injection of streptozotocin at a dose of 60 mg/kg.  The 
rats were fed with 10% dextrose in water for 24 h following the 
induction of hyperglycaemia to prevent hypoglycaemia that may result 
from acute massive pancreatic release of insulin [30]. Seven days after 
streptozotocin administration, fasting blood glucose (FBS) levels were 
determined using an Accucheck glucometer and test strips. Rats with 
FBG greater than or equal to 200 mg/dl were considered 
hyperglycaemic and grouped for the main study.

Experimental design

Five groups of eight rats were used for the study. Group one served as 
non-diabetic controls and were treated with 1 ml/kg Polyethylene 
Glycol (PEG) and water in a ratio of 1:5 respectively. Group two served 
as the diabetic controls and rats in this group were treated similar to 
group one. Groups three, four and five were all hyperglycaemic and 
were treated with glimepiride at a dose of 10 mg/kg at 20:00 h daily. In 
addition, groups four and five received nifedipine at a dose of 20 mg/kg 
at 20:00 h and at 08:00 h respectively. Drug administration continued 
for a total of 21 continuous days. 

Assessment of nephropathy

At the end of the twenty-one days of treatment, the animals were 
euthanized with chloroform. The kidneys were excised using a 
dissecting kit and weighed using an electronic weighing balance. The 
relative kidney weight ratios were determined. Blood samples were 
collected from the jugular vein and centrifuged at 2200 rpm for 10 
minutes. The serum obtained was used for the determination of 
serum creatinine, blood urea nitrogen (BUN), uric acid, total protein 
and albumin using Randox® diagnostic kits and a UV-VIS 
spectrophotometer.

Histological study of the kidney

Excised kidney tissues were prepared for histological studies as 
described by [31]. The kidneys were fixed in 10% formalin until when 
they were processed. The kidneys were dehydrated through graded 
ethanol steps and xylene, and then embedded in paraffin. Specimens 
were cut in sections of 6 μm in thickness by microtome and stained 
by hematoxyline-eosin (H&E). The stained kidney sections were 
observed under a microscope and analyzed for histological changes.

Results and Discussion

Results are expressed as mean ± standard error of mean. One way 
analysis of variance (ANOVA) was used in the analysis of normally 
distributed data, followed by Hochberg post hoc test, while Kruskal-
Wallis test followed by Dunn-Bonferoni post hoc test was used in 
analysis of data that were not normally distributed. Results were 

considered significant at P≤0.05. Data obtained are presented as 
tables and histological findings are presented as photomicrographs.

Serum renal parameters

The serum urea, uric acid and creatinine levels for the diabetic control 
group were significantly higher (P<0.01) than those of the non-
diabetic controls. Treatment with glimepiride alone at 20:00 h, and 
concurrent administration of glimepiride and nifedpine at 20:00 h did 
not result to any significant difference in these markers when 
compared to the diabetic controls. However, treatment with 
glimepiride at 20:00 h with nifedipine at 08:00 h in addition, resulted 
in significantly (P<0.05) lower serum urea levels, with none 
significantly lower serum creatinine and uric acid levels.

The serum albumin and total protein levels for the diabetic control 
group was significantly (P<0.05) lower than that of the non-diabetic 
controls. The group treated with glimepiride alone at 20:00 h, and that 
to which glimepiride and nifedpine were concurrently administered at 
20:00 h did not produce any significant difference in these markers 
when compared to the diabetic controls. However, treatment with 
glimepiride at 20:00 h and nifedipine at 08:00 h revealed a 
significantly (P<0.05) lower serum albumin and total protein levels 
when compared to the diabetic control group (Table 1).
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Table 1. Effect of 21-day chronomodulated nifedipine administration on serum renal markers in glimepiride-treated hyperglycaemic rats

Groups Urea (mg/dl) Albumin (g/dl) Protein (g/dl) Creatinine (mg/dl) Uric acid (mg/dl)

Non-diabetic control 47.68±2.14 4.0±0.50 7.37±0.63 7.69 4.50

Diabetic control 85.47±4.76** 1.90±0.37* 3.32±0.90* 24.07** 26.64**

Glimepiride 20:00 h 64.83±4.31 3.32±0.12 5.72±0.48 23.43* 22.00*

Glim20:00 h+Nife 20:00 h 77.83±7.80* 77.83±7.80* 3.90±0.49* 14.20 15.18

Glim20:00 h+Nife 08:00 h 51.46±7.95# 4.20±0.58# 6.33±0.71# 12.60 15.20
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Data are mean ± SEM and mean rank (creatinine and uric acid), * = P 
≤ 0.05 compared to non-diabetic control, ** = P ≤ 0.01 compared to 
non-diabetic control, # = P ≤ 0.05 compared to diabetic control, one 
way ANOVA followed by Hochberg post hoc test for albumin, protein 
and urea respectively. Kruskal Wallis followed by Dunn- Bonferoni post 
hoc for creatinine and uric acid, n = 5-8, Glim 20:00 h+Nife 08:00 h = 
treated with glimepiride at 20:00 h and nifedipine at 08:00 h; Glim 20:00 
h+Nife 20:00 h = treated with glimepiride at 20:00 h and nifedipine at 
20:00 h

Relative kidney weight

The relative kidney weight for the diabetic control group was 
significantly higher (P<0.05) when compared to the non-diabetic 
control group. Treatment with glimepiride at 20:00 h and concurrent 
administration of glimepiride and nifedipine at 20:00 h did not reveal 
any significant difference in kidney weight when compared to the 
diabetic control. However, treatment with glimepiride at 20:00 h and 
nifedipine at 08:00 h revealed a significantly (P<0.05) lower kidney 
weight when compared to the diabetic control group (Table 2). 
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Groups Relative kidney weight

Non-diabetic control

Diabetic control

Glimepiride 20:00 h

Glim20:00 h+Nife20:00 h

Glim20:00 h+Nife08:00 h

0.52 ± 0.07

0.89 ± 0.08*

0.72 ± 0.03

0.70 ± 0.03

0.58 ± 0.01#

Data are mean ± SEM, * = P ≤  0.05 compared to non-diabetic 
control, # = P ≤ 0.05 compared to the diabetic control, One way 
ANOVA and Hochberg post hoc test, n = 5-8; Glim20:00 h+Nife08:00 
h = treated with glimepiride at 20:00 h and nifedipine at 08:00 h; 
Glim20:00 h+Nife20:00 h = treated with glimepiride at 20:00 h and 
nifedipine at 20:00 h

Kidney Histology

Histology of kidney sections of diabetic control rats showed severe 
tubular and glomerular necrosis with lymphocyte hyperplasia (Figure 
2). However, both the rats that received glimepiride alone at 20:00 h 
(Figure 3), and those that received concurrent administration of 
glimepiride and nifedipine at 20:00 h (Figure 4), showed abnormal 
features with tubular necrosis and slight lymphocyte infiltrations. The 
administration of glimepiride at 20:00 h and nifedipine at 08:00 h 
(Figure 5), produced histological features similar to those of the non-
diabetic control (Figure 1), except for slight tubular necrosis with slight 
lymphocyte infiltrations. 

Figure 1: Photomicrograph of a kidney section of a non-diabetic rat 
treated with PEG+H O for 21 days, showing normal Glomeruli (G) 2

and tubules (T) H&E ×250 

Figure 2: Photomicrograph of a kidney section of a diabetic control 
rat treated with PEG+H O for 21 days, showing tubular necrosis (TN) 2

and glomerular necrosis (GN) with lymphocyte hyperplasia (LH) 
H&E ×250

Figure 3: Photomicrograph of a kidney section of a diabetic rat 
treated with glimepiride at 20:00 h for 21 days, showing showing 
lymphocyte hyperplasia (LH) with tubular necrosis (TN) H&E ×250

Figure 4: Photomicrograph of a kidney section of a diabetic rat 
treated with glimepiride at 20:00 h and nifedipine at 20:00 h for 
21 days, showing moderate lymphocyte hyperplasia (LH) with 
slight tubular necrosis (TN) H&E ×250
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nifedipine when administered at 08:00 h in combination with 
glimepiride at 20:00 h. 

In addition, the pharmacokinetics of nifedipine varies with time of 
day, showing a higher plasma concentration, area under the 
concentration-time curve from 0 to 6 h, peak plasma concentration 
and requires a shorter time to reach peak plasma concentration after 
a single oral administration at 08:00 h when compared to rats taking 
same single oral dose at 16:00 h and 00:00 h [47].  This suggests that 
administration of nifedipine at 08:00 h will possess a better 
therapeutic benefit vis a viz; delaying the onset and prognosis of 
nephropathy than administration at 20:00 h.

Conclusion 

The administration of nifedipine at 08:00 h produced reno-protection 
in hyperglycaemic rats treated with glimepiride at 20:00 h with renal 
biomarkers and histological similarities to those of non-diabetic rats. 
Thus, the consequence of the concurrent administration of both drugs 
which is impairment of glycaemic control and exacerbation of 
complications including nephropathy, can be averted by instituting a 
12 h dosing interval with each being administered with its optimum 
pharmacokinetics and biorhythm of physiological target. 
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Figure 5: Photomicrograph of a kidney section of a diabetic rat 
treated with glimepiride at 20:00 h and nifedipine at 08:00 h for 21 
days, showing slight tubular adhesion (TA) with moderate lymphocyte 
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Discussion

Diabetic nephropathy is a common complication in type 2 diabetes 
mellitus and has become the single most important factor implicated in 
the etiology of end stage renal damage worldwide [32]. Increased 
levels of serum creatinine, blood urea nitrogen and uric acid, and 
reduced levels of serum albumin and protein are important diagnostic 
markers for diabetic nephropathy [33-34]. In this study, data obtained 
from the relative kidney weight from the diabetic control rats agree 
with previous findings which reported that renal enlargement is a 
characteristic feature of a diseased kidney [21, 35]. 

The inability of nifedipine to produce reno-protection when 
concurrently administered with glimepiride at 20:00 h is a 
consequence of drug interaction between both drugs. This is because 
glimepiride mediated insulin secretion from pancreatic β-cells requires 

2+ 2+influx of Ca  through the L-type Ca  channels (LTCCs) [36]. Nifedipine 
on the other hand reversibly binds to the LTCCs complex involved in 
insulin secretion with high affinity [37-38], and selectively block them 
thereby inhibiting insulin secretion [36,39,40,41]. This action 
ultimately impairs glycaemic control and consequently exacerbated 
the prognosis of nephropathy after 21 days of continuous treatment.

In contrast, administration of nifedipine for 21 days at 08:00 h 
corroborates previous data that established that nifedipine offers 
nephro-protection by increasing glomerular filtration rate as well as 
effective renal plasma flow to bring about improved renal function [23-
26]. This is because administration of nifedipine at 08:00 h took into 
cognizance that both glomerular filtration rate and renal blood flow 
follow circadian rhythms.  Hence, the administration of nifedipine at 
08:00 h results in high plasma concentrations which coincides with 
endogenous vasodilatory mechanisms involved in increasing 
glomerular filtration rate as well as renal plasma flow. Though there is 
paucity of data on the diurnal changes in the renal blood flow, 
glomerular filtration and urine excretion, available data suggests that 
circadian variation in renal function is as a result of the variation in the 
blood level of hormones involved in renal activities such as 
vasopressin, vasoactive peptides and the renin-angiotensin-
aldosterone complex whose activities are found to decrease during the 
light phase in rats [42]. This could be as a result of the circadian 
rhythmicity exhibited by melatonin, reaching its peak during the light 
phase in rats [43]. Melatonin has been reported to decrease the renin 
angiotensin aldosterone system (RAAS) activities in rats [44], thereby 
leading to vasodilation in renal blood vessels, increased renal blood 
flow and GFR through direct influence on melatonin receptors in the 
kidney [45]. The action of melatonin on the RAAS during the light phase 
in rats coupled with nifedipine's ability to inhibit the vasoconstrictive 
effect of angiotensin II through the blockade of calcium dependent 
mechanisms [46] may account for the nephro-protection offered by 
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