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Abstract 
         Many pathophysiological processes can affect the pharmacokinetic properties of drugs in people 

with diabetes. The present study was deigned to evaluate the influence of diabetes mellitus (DM) on the 

pharmacokinetic parameters of metronidazole administered as single oral dose. Twelve healthy 

volunteers and twelve diabetic patients were enrolled in the present study. On day 1, a single oral dose 

of metronidazole 500 mg was administered orally to all participants at 9:00 am after a 10-hour fasting. 

Over the following 48 hours, blood samples were taken at frequent intervals and serum metronidazole 

concentrations were measured by a high-performance liquid chromatography method for assessment of 

pharmacokinetics of metronidazole. The data indicated that maximum serum concentration (Cmax) and 

Kelim were significantly decreased (P<0.05) in diabetic patients compared with that reported in healthy 

subjects (25.73% and 31.51% respectively). Meanwhile, the values of time to reach maximum peak 

(Tmax), AUClast, AUCtotal, and half life (T½) were significantly increased (P<0.05) compared with those 

reported in healthy subjects (20.69%, 33.65%, 30.13%, and 20.689% respectively). In conclusion, 

diabetes mellitus affects some of the pharmacokinetics values of orally administered metronidazole. 
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 الخلاصة
اٌ نكثٛز يٍ انحالاتث انًزياٛت حار ٛز ٔاياى حهاٗ  زعٛات دعاة اي ٔٚات لاٙ ض،اى انًازٚة  ٔدُالا  حهاٗ  نا  حاى  يٍ انًعزٔف         

يهغى حٍ طزٚق انفاى   055حر ٛز انُٕع انثلاَٙ يٍ  ا  ان،كز٘ حهٗ يعلاٚٛز  زعٛت اندٔا  نعقلار انًخزَٔٛداسٔل  حصًٛى ْذِ اندراست نخقٛٛى

يهغااى  055شخصاالا يااٍ اي.ااحلا   لااٙ انٛاإو ائل حااى أح االا   21ياازٚة داالانُٕع انثاالاَٙ يااٍ  ا  ان،ااكز٘ ٔ 21أضزٚااج اندراساات حهااٗ 

انًشالارعٍٛ لاٙ ان،الاحت انخلاساعت .ابلا لا دعاد حشاز سالاحلاث ياٍ انصاٛلاو  ٔ ا ل يخزَٔٛداسٔل عجزحت يُفز ة حٍ طزٚق انفاى اناٗ ضًٛا  

ان،لاحلاث انثًلاَٛت ٔايردعٍٛ ان  قت حى سحب حُٛلاث يٍ اندو   ل لخزاث يحد ة ٔقٛلاس ي،خٕٖ انًخزَٔٛاداسٔل لاٙ يصام انادو دٕاسا ت 

ٔ  Cmaxد ح،ابب لاٙ  فاة قًٛات قاج دارٌ انًاز    ٔحى ا خ،الا  يعالاٚٛز  زعٛات انادٔا   ا ل ْاذِ انفخازة  أنٓازث انُخالا  HPLCحقُٛت 

Kelim  يقلارَات دلاي.احلا  دًُٛالا أ ث اناٗ سٚالا ة قاٛىTmax   AUClast   AUCtotal  ٔT1/2  ٘ٔحهٛاّ ًٚكاٍ ايساخُخلاأ دارٌ نادا  ان،ااكز  

   انفى خر ٛزاث انجدٚت حهٗ يعلاٚٛز  زعٛت اندٔا  نعقلار يخزَٔٛداسٔل حُديلا ٚع ٗ عجزحت يُفز ة حٍ طزٚق دعة انـ

 
Introduction 
         Many pathophysiological processes can 

affect the pharmacokinetic properties of drugs 

in people with diabetes 
(1)

. Patients with 

diabetes have higher rates of cardiovascular, 

renal, gastrointestinal, neurological, and 

thyroid diseases and ophthalmological 

complications compared with individuals 

without diabetes. All may increase the chance 

of having drug-disease interactions 
(2)

. Some 

physiological disorders such as gastroparesis, 

decreased plasma albumin level, elevated 

plasma free fatty acid level, glycosylation of 

plasma proteins and changes in the hepatic 

microsomal cytochrome P-450 (CYP)  

contents were reported to occur in diabetes 

mellitus patients 
(3)

 ; these changes could alter 

the pharmacokinetics and hence the 

pharmacodynamics of drugs in such patients
(4)

. 

The extent of absorption of metoclopramide 

administered orally to diabetic patient with 

gastroparesis fell within the range of values 

reported in healthy subjects 
(5,6)

  Glipizide was 

found to be completely absorbed when 

administered to patients with type II diabetes 

mellitus, just like in non-diabetic subjects 
(4,7)

. 

In contrast, absorption of tolazamide was 26% 

slower in diabetic patients with asymptomatic 

autonomic neuropathy than in healthy subjects 
(8)
  Metronidazole is used widely in diabetic 

patients for treatment of diabetic foot 

infections (DFIs).  
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There is a wealth of information regarding the 

pharmacokinetic parameters of metronidazole 

in healthy subjects; however, limited 

information is available about this issue in 

diabetic patients. Since the metronidazole is 

often used to treat polymicrobial infections in 

diabetics 
(9)

, the influence of the disease 

processes and consequent complications on the 

pharmacokinetic parameters of drugs, 

including metronidazole, should be 

systematically evaluated. The present study 

was deigned to evaluate the influence of 

diabetes mellitus on the pharmacokinetics of 

metronidazole administered as single oral dose. 

 

Subjects and Methods 
         Twelve healthy volunteers and twelve 

diabetic patients were enrolled in the present 

study; all have an age of 55 ±10 years and with 

body weight range for each of 50 ± 5.0 kg and 

75.0 ± 10.0 kg respectively. All healthy 

volunteers show a normal medical history and 

revealed no pathological abnormalities on 

clinical and biochemical examination. 

Meanwhile, all patients were selected for 

having type II diabetes mellitus for at least 5 

years and have been treated with single daily 

dose of Glibenclamide 5mg daily and 

Metformin 500 mg three times daily. All 

patients had serum transaminase 

concentrations less than twice the upper limit 

of the laboratory reference range and a normal 

serum creatinine (<120 mmol /L). Written 

informed consent was obtained from each 

subject and the clinical protocol was approved 

by the Human Ethics Committee of the Iraqi 

Ministry of Health. All subjects were 

nonsmokers and were instructed not to drink 

caffeine or alcohol containing beverages for at 

least 10 hours before and during the study day. 

The study was performed according to an 

open, randomized clinical study design. 

Following a 5-day screening period, healthy 

volunteers and patients with type II diabetes 

were enrolled in the study. On day 1, a single 

oral dose of metronidazole 500 mg (Flagyl
® 

Aventes) was administered orally to all 

participants at 9:00 am after a 10-hour fasting. 

Blood samples were taken at zero-time and at 

frequent intervals over a period of 48 hours 

following the administration of metronidazole 

(0.25, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 6.0, 8.0, 

12.0, 24.0, and 48.0 hours) and serum 

metronidazole concentrations were measured 

by a high-performance liquid chromatography 

method for assessing metronidazole 

pharmacokinetics. Stock solution of a 

Metronidazole (reference standard) (1mg/ml) 

was prepared by dissolving 100 mg in 100 ml 

of methanol. Working standard solutions were 

prepared from the stock solution by sequential 

dilution with methanol to yield final 

concentrations of 1.5, 15, 75, 150, 225, and 

300 µg/ml. Samples for the preparation of 

standard curve were prepared by mixing blank 

serum (specially prepared for this purpose) 

with different concentrations of standard 

Metronidazole solution to get the final required 

serum Metronidazole concentrations (0.15, 1.5, 

7.5, 15.0, 22.5, and 30.0 µg/ml). After 

precipitation of protein by addition of 10% 

zinc sulfate, samples were vortexed, placed in 

refrigerator for 15 min and centrifuged at 3000 

rpm for 10 min and 200 µl of supernatant was 

injected into the HPLC column for 

determination of serum levels 
(10)

. The analyses 

were performed using HPLC system composed 

of a smart line pump 1000 and smart line U.V. 

detector 2500 connected to smart line manager 

5000; the separation was performed on HPLC 

column (Eurospher-100 C18; 5 µm, 250 x4.5 

mm). Drug analysis data were acquired and 

processed using CLASS-VP (v.6.2) software 

running under Windows 98 on a Pentium PC. 

The mobile phase consists of methanol: water 

in a ratio of 25:75 at a flow rate of 1 ml/min. 

The wave length was set at 276 nm 
(11)

. The 

results were expressed as mean ± SD. The data 

were statistically evaluated utilizing un-paired 

Student's t-test. Values with P<0.05 were 

considered significantly different. Calculation 

of the pharmacokinetic parameters is 

performed utilizing the computer software 

kinetica PK–PD analysis version 5.0 

(Microsoft-programs). 

 

Results 
         The raw data for each group was 

presented in tables 1 and 2. The effects of 

diabetes mellitus (as a disease) on the 

absorption of Metronidazole were shown in 

figure 1 and table 3. The data in table 3 

indicated that the value of maximum serum 

concentration (Cmax) and Kelim were 

significantly decreased (P<0.05) in diabetic 

patients compared with that reported in healthy 

subjects (25.73% and 31.51% respectively). 

Meanwhile, the values of time to reach 

maximum peak (Tmax), AUClast, AUCtotal, and 

half life (T½) were significantly increased 

(P<0.05) compared with those reported in 

healthy subjects (20.69%, 33.65%, 30.13%, 

and 20.689% respectively). 

 

 

 

 

 

 

 



Iraqi J Pharm Sci, Vol.20(1) 2011                                       Metronidazole pharmacokinetic in diabetic 

 16 

Table 1: The pharmacokinetic parameters of orally administered 500 mg Metronidazole in healthy 

subjects. 

 

T1/2 

hr 

Kelim 

hr
–1

 

AUCtotal 

µg hr ml
–1

 

AUClast 

µg hr ml
–1

 

Tmax 

hr 

Cmax 

µg/ml 

Healthy 

Volunteers 

7.52 0.092 52.94 52.36 1.5 7.2 V1 

11.99 0.058 49.37 46.90 1.5 7.16 V2 

8.09 0.086 45.25 44.57 1.5 7.8 V3 

8.39 0.083 47.39 4.66 1.5 7.86 V4 

9.15 0.076 50.64 49.49 1.0 7.1 V5 

9.23 0.075 44.46 43.55 1.5 7.26 V6 

7.94 0.087 41.25 40.71 1.5 8.2 V7 

14.86 0.047 49.58 45.0 1.5 7.56 V8 

9.45 0.073 43.06 42.07 1.5 7.65 V9 

13.67 0.05 79.04 72.59 1.5 7.96 V10 

10.56 0.072 49.60 43.0 0.5 6.58          V11 

9.5 0.073 51.0 45.38 2.5 8.58 V12 

12 12 12 12 12 12 n 

10.03±2.57 0.073±0.02 50.3±10.73 44.19±16.63 1.45±0.16 7.58±0.38 Mean 

 

 

Table 2: The pharmacokinetic parameters of orally administered 500 mg Metronidazole in type 

II diabetic patients. 

 

T1/2 

hr 

Kelim 

hr
–1

 

AUCtotal 

µg hr ml
–1

 

AUClast 

µg hr ml
–1

 

Tmax 

hr 

Cmax 

µg/ml 

Diabetic 

Patients 

13.02 0.053 89.21 83.14 2.0 5.85 D1 

19.91 0.034 54.60 46.31 2.0 6.21 D2 

19.66 0.054 72.61 67.84 2.0 5.9 D3 

13.58 0.051 72.88 67.46 2.0 4.8 D4 

16.56 0.041 79.34 69.98 1.5 5.2 D5 

13.97 0.050 68.49 62.84 1.5 5.67 D6 

13.59 0.051 70.13 64.78 1.5 5.6 D7 

10.30 0.067 64.63 62.37 2.0 5.86 D8 

13.48 0.051 77.7 71.44 2.0 5.9 D9 

13.90 0.050 68.13 62.69 1.5 5.29 D10 

15.69 0.060 72.88 66.79 1.5 6.75 D 11 

13.91 0.040 70.66 64.99 1.5 4.5 D12 

12 12 12 12 12 12 n 

14.8±3.03 0.05±0.01 71.77±9.26 65.89±9.24 1.75±0.16 5.63±0.38 Mean 

 

 

Table 3:The pharmacokinetic parameters of orally administered 500 mg Metronidazole in type II 

diabetic patients compared to healthy subjects. 

 

Pharmacokinetic parameters Healthy subjects Diabetic patients 

Cmax (µg/ml) 7.58 ± 0.38 5.63 ± 0.42* 

Tmax (hr) 1.45 ± 0.16 1.75 ± 0.01* 

AUClast (µg hr ml
–1

) 44.19 ± 16.63 65.89 ± 9.24* 

AUCtotal (µg hr ml
–1

) 50.30 ± 10.73 71.77 ± 9.26* 

Kelim (hrˉ
1
) 0.073 ± 0.02 0.05 ± 0.01* 

T½ (hr) 10.03 ± 2.57 14.42 ± 3.03* 

Values are presented as mean ± SD; * significantly different compared to healthy subjects 

(P<0.05). 
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Figure 1: Cp-time profile of Metronidazole 

after 500 mg single oral dose in healthy subjects 

and patients with type II diabetes mellitus. 

 
Discussion 
         The present study showed that the 

pharmacokinetics of the metronidazole 

following administration of a single 500 mg 

oral dose are different in patients with type II 

diabetes than in healthy subjects. Patients with 

typeII diabetes exhibit significant decrease in 

Cmax and AUC compared in healthy volunteers. 

The significant differences in metronidazole 

pharmacokinetic parameters between patients 

with typeII diabetes and healthy volunteers 

indicates that the presence of diabetes had 

notable effects on the rate (Tmax, Kelim) or 

extent (AUC, Cmax) of absorption or 

elimination of metronidazole (Kelim, T½) of the 

drug. Recent evidence suggests that 

hyperglycemia resulting from poor gylcemic 

control may contribute to disturbances in 

gastric function in patients with diabetes 
(12)

. 

Other physiological changes associated with 

type 2 diabetes (such as alteration in renal and 

hepatic function and plasma protein binding) 
(12,13)

 would be expected to alter the 

pharmacokinetics of metronidazole, because 

metronidazole was completely absorbed after 

oral intake, less than 20% bound to plasma 

protein and extensively metabolized in the 

liver 
(14)

. Twenty to 30% of diabetics develop 

abnormal gastric motility, resulting in 

disordered gastric emptying or gastroparesis 
(4)

. 

Although the etiology of altered gastric 

motility remains obscure, many factors appear 

to be important including poorly controlled 

diabetes, and others 
(15)

. Absorption of many 

orally administered drugs may or may not 

affected by the presence of diabetes; the extent 

of absorption of metoclopramide administered 

orally to diabetic patient with gastroparesis fell 

within the range of values reported in healthy 

subjects 
(4,5)

. Meanwhile, absorption of 

tolazamide was 26% slower in diabetic patients 

with asymptomatic autonomic neuropathy than 

in healthy subjects 
(4)

, and a 26% decrease in 

the extent of absorption of orally administered 

ampicillin was reported compared with non-

diabetics controls 
(16)

. Therefore, it appears that 

diabetes can influence the gastrointestinal 

absorption of drugs, but the extent of influence 

of the disease on drug absorption may depend 

on the severity, duration and type of the 

disease 
(17)

. Uncontrolled diabetes may be 

associated with changes in drug metabolism. 

Diajani et al. demonstrated a reduced rate of 

conversion of phenacetin to acetaminophen, 

and its subsequent conjugation was also 

impaired 
(4,18)

. Once the diabetes was 

controlled with insulin, metabolism became 

normal and subsequent withdrawal of insulin 

once again impaired metabolism. The finding 

of Morison and hawks worth support these 

findings; where glucuronidation was deficient 

in microsomes prepared from streptozotocin–

indauced diabetes in male rats, and this defect 

was eliminated by insulin treatment 
(18,19)

. The 

liver is the main site of metabolism, and this 

accounts for over 50% of the systemic 

clearance of metronidazole. The two principal 

pathways of metabolism of metronidazole are 

oxidation and glucuronides 
(14)

. Diabetes is 

associated with an increased frequency and 

variety of hepatic histopathologic lesions. The 

most common lesion seen is an increase in 

liver glycogen demonstrated both at autopsy 

and in biopsy material. This accumulation of 

glycogen produces a clear appearance in the 

cytoplasm and vacuolization of the hepatocyte 

nuclei and has been reported in up to 80% of 

both type I and type II diabetic patients. 

Increased glycogen infiltration appears to be an 

associated consequence of exogenous insulin, 

resulting in hepatocyte accumulation of 

glycogen. This accumulation results in 

hepatomegaly, and could theoretically result in 

impaired hepatic elimination of some drugs. 

The metabolism of caffeine is decreased in 

diabetic patient while the clearance of 

paracetamol is decreased in diabetic patients 

type II 
(17)

. These evidences indicate that 

diabetes may affect biotransformation of 

metronidazole, which may alters the plasma 

levels and lead to increase its T1/2. Also, this 

may explain why Kelim of orally administered 

metronidazole in diabetic patients less than in 

normal subjects. In conclusion, the 

pharmacokinetic parameters of metronidazole 

absorption after oral administration were 

altered in diabetic patients compared to healthy 
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subjects, and calculation of doses in this 

situation may be considered.  
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