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Specific pathological conditions affect the tissue distribution and kinetics of
administered drugs; as they may alter the magnitude and duration of drug
content in targeted organs Metronidazole (MET) and 2-Nitroimidazole (2-
NIM) possess selective activity against many anaerobic gram-positive and
Gram-negative bacteria and protozoa causing gastrointestinal infection. The
main aim of the present study was to evaluate the gastrointestinal tissue
(GIT) distribution of Metronidazole and 2-Nitroimidazole in Escherichia
coli-induced gastrointestinal infection in mice. Sixty male albino mice were
divided into four main groups; and each were subdivided into 3 sub-groups
of five mice. Two main healthy groups were given i.v injection of (**°1-2-
NIM or'®I-MET) and the other two groups were given 0.2 mL of
Escherichia coli (E. coli) via oral route for induction of bacterial
gastroenteritis 24 hr. before i.v. injection with (**1-2-NIM or *I-MET).
Each of the sub-groups was sacrificed by decapitation under chloroform
anesthesia after i.v. injection of the tracer blood by 30 min., 60min., and
180min. Where blood, GIT, liver tissue samples and urine were collected at
the time of decapitation; and the radioactivity was measured using a y-
counter. The uptake was expressed as the percent of injected dose per organ
or body fluid. Blood was collected for determining complete blood picture
(CBC), and Erythrocyte sedimentation rate (E.S.R) and sera from blood
samples were separated for determining evidence of inflammatory response
and for assessing the possible effects on hepato-renal function and lipid
profile. Data from the present study showed also, that both MET and 2-NIM
experienced high blood to tissue perfusion after only 30 min. They also
showed that while (MET) continued to leak from the blood to the peripheral
tissue over 180 min, (2-NIM), underwent a reversed tissue to blood
mobilization after 60 min. MET in infected and non-infected mice
experienced a similar but a paradoxical tissue to blood equilibration overtime
while 2-NIM demonstrated an initial rise in blood and GIT after 30 min that
was followed by a parallel leak from both tissues from 60 min. t0180 min. in
intact animals. GIT infection enhanced the local perfusion of both
medications and this was more pronounced in 2-NIM treated animals. Data
also demonstrated that more than 60% of injected 2- NIM tracers were
excreted in urine after 180 min while only 20% of injected MET tracer was
cleared in urine over the same period suggesting more tissue retention of
MET than 2-NIM. In conclusion, the present study heralds’ different tissue
distribution kinetics between MET and 2-NIM with more affinity of MET to
GIT tissue. They also infer that 2-NIM experiences a higher clearance rate
from the body through the urine than MET. Despite MET was more
concentrated in the GIT than 2-NIM, the later was more concentrated upon
GIT infection than MET.

1547


http://www.journalijar.com/
http://dx.doi.org/10.21474/IJAR01

ISSN 2320-5407 International Journal of Advanced Research (2016), VVolume 4, Issue 7, 1547-1556

Copy Right, 1JAR, 2016,. All rights reserved.

Introduction:-

Tissue drug distribution is nonhomogeneous and the tissue specificity manifested by impaired tissue drug
penetration was best recognized for central nervous system (CNS) (Kearney & Aweeka, 1999). The barrier
mechanism in the CNS and other organs, such as the eye, is the presence of active transport pumps that lead to target
site concentrations which, even at equilibrium, are lower than those in plasma (Barza, 1993). This mechanism,
which has been well described, both in vitro and in vivo is the reason for therapeutic failures (Barza, 1993).

Physiological changes, such as fluid shifts, alterations in protein binding, and acid-base balance issues, may in turn
alter a drug's distribution, potentially towards or away from its site of action (Deitchman & Derendorf, 2014). In
the meantime, analysis of drug and metabolite distribution is essential for understanding of the mechanisms
underlying the pharmacological or toxicological effects (Takai &Tanaka, 2015). In addition to the variation in
tissue affinity for administered drugs, many pathological conditions affect the tissue distribution and Kinetics of
administered drugs; as they may alter the magnitude and duration of drug content in targeted organs. Disturbance in
physiology may alter the pharmacokinetics or pharmacodynamics that determines drug dosing and effect (Feghali et
al., 2015). The latest research on the pharmacokinetic of traditional Chinese medicine in the disease state such as
diabetes, cerebral ischemia, liver injury, inflammatory disease, nervous system disorders and fever provided certain
reference for clinicians designing reasonable administration dose (Gong et al., 2015).

Metronidazole is one of the rare examples of a drug developed against a parasite which has since gained broad use
as an antibacterial agent (Freeman et al., 1997). The antibacterial activity of metronidazole was discovered by
accident in 1962 when metronidazole cured a patient of both trichomonad vaginitis and bacterial gingivitis (Shinn,
1962). However, it was not until the 1970s that metronidazole was popularized for treatment of infections caused by
gram-negative anaerobes such as bacteroides or gram-positive anaerobes such as clostridia (Lau et al., 1992 and
Freeman et al., 1997). 2- Nitroimidazole (Secnidazole) has been found to possess selective activity against many
anaerobic Gram-positive and Gram-negative bacteria and protozoa (khan et al., 2015).

In general secnidazole and metronidazole were approximately equipotent in activity against Bacteroides fragilis,
Trichomonas vaginalis and Entamoeba histolytica. In one study, secnidazole was more potent than metronidazole
against Giardia lamblia (G. intestinalis, G. duodenalis. Secnidazole was as effective as metronidazole and tinidazole
in eradicating G. lamblia, T. vaginalis and E. histolytica from the majority of infected patients. Bacterial or
protozoal resistance develops rarely to the 5-nitroimidazole (Gillis &Wiesman, 1996). Since the use of
metronidazole and imidazole usually takes place in patients suffering from diarrhea associated with gastrointestinal
infection, the main aim of the present study was to investigate the effect of gastrointestinal infection on the tissue
distribution and kinetic of both drugs using the radio-tracer techniques in albino mice.

Methods:-

Mice assigned for infection study received 100uL of the E.coli suspension (Carla et al., 2011). After 24 hours, 0.1
ml of *°I-MET or **1-2-NIM complex were injected intravenously into the tail vein. Samples of normal Blood, GIT
and liver, infected blood; GIT and liver were measured using a y-counter. The radioactivity ratio in the inflamed to
normal (target to non-target, T/NT) was determined (Douglas et al., 2015).

Biochemical Investigations:-

Inflammatory markers in sera including complement 3(C3), complement 4 (C4), C-reactive protein (CRP) were
determined by single radial immunodiffusion according (Thompson et al., 1999) and erythrocyte sedimentation rate
ESR) was determined as described by Van Kampen & Zijlstra, 1961.

The contents of total bilirubin was measured according to (Fevery, 2008), aspartate aminotransferase (ASAT),
alanine transaminase (ALAT), gamma-glutamyl-transferase (GGT) and alkaline phosphatase (ALP) were
determined calorimetrically as described by Mengel et al., 2005 using commercial Kits (Stanbio lab. Inc., Texas,
USA). Serum total protein, albumin, globulin and A/G ratio were measured and commercial kits were used

1548



ISSN 2320-5407 International Journal of Advanced Research (2016), VVolume 4, Issue 7, 1547-1556

(Diamond Diagnostic and Stanbio lab. Inc., Texas, USA). Lipid profile including total cholesterol, triglycerides,
high density lipoprotein cholesterol (HDL-cholesterol) and low density lipoprotein cholesterol (LDL-cholesterol)
were determined utilizing kits from (Spinreact).

Statistical analysis Student's t-test (Raju, 2005) and one way ANOVA (Howell & David, 2002) were carried out for

the statistical analysis of the data; results are expressed as the mean £ S.D. and significant was shown as:
Insignificant at P (>0.05)

Significant at P (<0.05 - <0.0001)

Results and Discussion:-

The present study was conducted to investigate the possible change in drug tissue distribution of Metronidazole
(MET) and 2-Nitroimidazole (2-NIM) induced by gastrointestinal infection utilizing the E.coli infection model in
male albino mice. Data from present study showed that E.coli infection efficiently induced significant biological
changes consistent with the ensue of bacterial-induced inflammatory response. This was evidenced by the significant
rise in erythrocyte sedimentation rate (E.S.R), relative and absolute neutrophil counts and serum C - reactive protein,
complement C3 and C4 levels in infected animals. Data also showed also that infection had almost no effect on the
biological performance of the liver or the kidney apart from the rise of hepatic enzyme activity table (1). This later
effect was most probably as a result of endo-toxemia associated with E.coli infection (Chaipichit et al. 2015). It
should be considered that hepatocellular damage is expected to be aggravated by local reabsorption of endotoxin
through the entero-hepatic circulation (Syer et al., 2015). The lipid metabolism was also resilient to the effect of
infection as verified by unaltered serum lipid pattern table (I). Following intravenous injection (Dose =200 pl, 2-3
MBQq), both compounds underwent high blood to tissue perfusion after only 30 min. 2-NIM, however, experienced
higher blood to tissue penetration than MET (95.2%v versus 87.3%). Data suggested marked difference of blood-
tissue kinetics between the two compounds. Metronidazole (MET) continued to leak from the blood to the peripheral
tissue as supported by gradual decline of the serum level over the experimental period which was consistent with
data from Claude Martin et al., (1991) study conducted in humans. 2-Nitroimidazole (2-NIM), however, underwent
a reversed tissue to blood mobilization after 60 min. This seemed transient since after 180 min., blood 2-NIM level
manifested a marked percentage decline. This paralled data from Laughlin et al., (1996) and suggested a different
metabolic pathway of Metronidazole and 2-Nitroimidazole.

In Metronidazole injected mice, the GIT metronidazole content represented a true reflection of the drug deployment
from the blood to tissue. It also indicated that the drug significantly targeted the GIT tissue which was in accordance
with Claude Martin et al., (1991). On the other hand, 2-Nitroimidazole GIT tissue content underwent the same
blood level change pattern over time i.e initial rise followed by a falling off. Early targeting of GIT tissue following
2-NIM, i.v. infusion has been reported by Laughlin et al., (1996). The latter also demonstrated a marked decline of
the tissue content overtime. They also showed that the decline was more pronounced in the colonic tissue than in the
oseophygeal tissue. Comparative analysis of the pharmacokinetics of MET and 2-NIM in non-infected animals has
been previously studied (videau et al., 1978). The present study emphasized this analysis in infected mice. Data
showed that MET underwent the same blood to tissue mobilization pattern as in non-infected animal as illustrated in
figures (1& 2). This was similar to Lamp et al., 1999, finding which showed that enteric infection did not alter the
pharmacokinetic and pharmacodynamics of metronidazole. However, in E.coli infected mice, 2-NIM blood to tissue
equilibration favored more blood to GIT mobilization than overtime clearance of both tissues as illustrated in figures
(7& 8).This implicated a marked influence of infection on the drug blood-GIT kinetic in favor of the host. Tables
(1& 2) discussed the bio-distributions of **I-MET and '#®1-2-NIM in normal and infected GIT (% ID) of male
albino mice at 30, 60,180 minutes post injection.

In non-infected mice, MET underwent a more or less steady state concentration within he hepatic tissue. This was
also observed in E. coli infected animals. In view of the gradual rise of MET content of the GIT tissue, it may be
concluded that the entero-hepatic circulation had contributed in supporting the GIT increase in the drug content in
the hepatic tissue. In GIT infected mice, liver metronidazole mounted marginally in comparison to the control level
as shown in figures (3& 4). In non-infected mice, 2-NIM underwent steady decline in liver tissue which may
suggest that it might had been be the source of the initial blood peak recorded after 30 min. In accordance with
Laughlin et al., (1996), data from the present study supported the early liver targeting by 2-NIM when administered
intravenously as illustrated in figures (9 & 10). Tables (3& 4) showed the bio-distributions of ***I-MET and **°I-
NIM in normal and infected blood (% ID) of male albino mice at 30, 60,180 minutes post injection.
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Recently, it has been demonstrated that 2-Nitroimidazole conjugation with the hepatocyte microsome is stable and
does not alter its biological potentials (Tasneen et al, 2015). This idealizes the drug fitness for treating amebic
hepatitis. In addition, throughout the use of labeled 2-Nitroimidazole to identify hypoxic areas within the tumor
tissue, it has been shown that the affinity of the hepatic tissue to 2-Nitroimidazole is much higher than tumor
hypoxic tissue (Engelhardt et al., 2002).

Unfortunately, data from the present study showed that GIT infection caused continued gradual clearance of 2-NIM
from the hepatic tissue along with the blood decline displayed after 30 min as shown in figures (9 & 10). This may
reduce the drug efficacy of preventing amebic hepatitis as a complication gastrointestinal amebiasis. Tables (5& 6)
illustrated the bio-distributions of *°I-MET and '#I-2-NIM in normal and infected liver (% ID) of male albino mice
at 30, 60,180 minutes post injection.

The present study demonstrated that MET excretion in urine parallel its clearance from the blood. Data from the
present study suggested a marked difference in urinary clearance of 2-NIM in human and in mice. In a previous
study, only 10 to 25 % of infused 2-NIM or its metabolite was recovered of 72 hr collected urine (Gillis &
Wiesman, 1996). In the present study, more than 60% of injected 2-NIM tracers were excreted in urine after only 3
hrs. In the meantime, only 20% of injected metronidazole tracer was cleared in urine over the same period
suggesting more tissue retention of metronidazole than 2-Nitroimidazole as illustrated in figures (5, 6, 11 & 12).
Tables (7& 8) showed the Bio-distributions of ***I-MET and **I-2-NIM in normal and infected urine (% ID) of male
albino mice at 30, 60, and 180 minutes post injection.

The present study highlighted the fact that the pathological changes induced by bacterial infection diversely affected
blood tissue equilibrium of metronidazole and 2-nitroimidazole. However, gastrointestinal infection with E.coli
enhanced local concentration of both medications. In case of **°I-2-NIM, the accumulated activity in the infected
GIT at 3 hours post injection was higher by a factor of 2.3 and accumulated activity of **I-MET in the infected GIT
at 3 hours post injection was the highest by a factor of 1.2 as illustrated in tables (1& 2). The increase in the tissue
accumulation of both labeled drugs in the infected site versus normal one through the same time interval was
consistent with data from a large number of studies emphasizing the role of different pathological conditions in the
tissue distribution of drugs. Many situations in which changed drug penetration and blood-tissue in equilibrium have
been reported. In particular, antibiotic failures have been attributed to impaired target site penetration in cases of soft
tissue infections (Rylander et al., 1979), osteomyelitis and orthopedic surgery (McCullough & Gandsman, 1988),
peridontitis and odontogenic infections, endocarditis (Mate et al., 1998), septic embolism, foreign body- and
catheter-related infections (Schierholz et al., 2000), gastric ulcer, hematomas (Schierholz et al., 2000), epidermal
infections (Mertin & Lippold, 1997), abscesses granuloma-inducing infections and tuberculosis (Elliott et al.,
1995), prostatitis (Drach, 1975), eye infections (Briggs et al., 1998), ear infections (Ekedahl et al., 1978), tonsillitis
(Savolainen et al., 1988), sinusitis, liver infections (Schentag et al., 1983), urinary tract infections (Naber, 1978),
pelvic inflammatory disease (Onsrud et al., 1982), solid malignancies (Jain, 1998), respiratory tract infections
(Rebuck & Braude, 1984), heart-lung bypass surgery, and septic shock (Joukhadar et al., 2001). The increase in
drug accumulation inside the gastro intestinal tract concomitantly with infection following intravenous
administration emphasized their efficiency when given systemically.

However, in contrast to many models in which infection retarded drug tissue targeting , data from the present study
demonstrated that GIT infection enhanced tissue uptake of both MET and 2-NIM  medications. This was most
probably due to accumulated blood in the inflammatory tissue (Bruijnzeel et al., 2015). The higher ability of 2-NIM
to penetrate the infected tissue than MET; may be explained by the fact that 2-NIM has immunologically identifiable
side-chains that have been described to bind to hypoxic cells (Hodgkiss, 1998).

It is well established that bacterial infection of the GIT leads to intestinal inflammation which is characterized by the
occurrence of hypoxia of the mucosal surface (Colgan & Eltzschig, 2012) and alterations in metabolic supply and
demand ratios, particularly for oxygen, leading to “inflammatory hypoxia” (Eltzschig et al., 2012).

In conclusion, the present study emphasizes that 2-Nitroimidazole experience a different blood to tissue mobilization
kinetics from Metronidazole. It also highlights the ability of Metronidazole and 2-Nitroimidazole to target the
gastrointestinal tract when administered intravenously. This eases their uses in conditions in which oral
administration is impossible like in patients with coma. Gastrointestinal infection significantly enhanced tissue
accumulation of both medications. 2-Nitroimidzole was more efficiently accumulated in infected GIT tissue though
it was more rapidly cleared from the body through the urine than Metronidazole.
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Table 1:- Results of inflammatory markers (C3, C4, CRP, ESR), liver functions, hematological parameters, protein
pattern and lipid profile in normal and infected male albino mice.

Param ups | Normal mice | Inflamed t-value p-value Significantly
C3, mgdL™ 78.8+4.4 152.4 £1.8 -34.6 < 0.0001 Significant
C4, mgdL™ 8.12 +0.2 24.8 +1.3 -28.7 < 0.0001 Significant
CRP, mgdL™ 2.8+0.2 6.1+0.5 -12.73 < 0.0001 Significant
ESR(1*" hour) 4.4+05 12.4 +0.5 -25.3 < 0.0001 Significant
Total billirubin 0.46 +0.08 0.42 +0.01 1.1094 >0.05 Insignificant
Direct billirubin 0.12 +0.01 0.13+0.08 -0.2774 >0.05 Insignificant
Indirect billirubin 0.35+0.08 0.3+0.01 1.386 >0.05 Insignificant
ASAT, units L™ 27.4+2.4 150 #1.1 103.8 < 0.0001 Significant
ALAT, units L™ 27 £2 92.6 £2.5 -45.8 < 0.0001 Significant
GGT, units L™ 9 +0.7 39.4 +0.8 -63.9 < 0.0001 Significant
ALP, units L™ 67 £5.7 87.4+4.9 -6 <0.01 Significant
Hb% 8.6 £0.9 7.4 0.3 2.8 <0.05 Significant
Platelets count 262 +8.4 314+129 -7.5534 <0.01 Significant
WBCs 6.6 0.7 15+1.6 -10.7 < 0.0001 Significant
Lymphocyte% 71.2+2.1 31.2+1.1 37.7 < 0.0001 Significant
Monocyte% 0.8+04 4.6 +05 -13.27 < 0.0001 Significant
Neutrophil% 23.2+1.9 60.8 £0.8 -40.7 < 0.0001 Significant
Abs.neutrophil count(x1000) | 1.5+0.3 9.13+1 -16.3 < 0.0001 Significant
Eosinophil% 0.6+0.5 04+05 -16.34 < 0.0001 Significant
Total protein g/dL 6.2+0.4 57+0.3 2.23 >0.05 Insignificant
Albumin g/dL 2.7+0.23 2.68 +0.08 0.18 >0.05 Insignificant
Globulin g/dL 2.2+0.18 2.3+0.12 -1.03 >0.05 Insignificant
AJG ratio 1.25+0.16 1.2+0.07 0.64 >0.05 Insignificant
Cholesterol (mg/dL) 134.8+5.3 1344+ 5.7 0.11 >0.05 Insignificant
Triglycerides (mg/dL) 127.8+2.1 127.2+2.2 0.44 >0.05 Insignificant
HDL-cholesterol (mg/dL) 274+18 264+1.14 1.05 >0.05 Insignificant
LDL-cholesterol (mg/dL) 79+4.4 81+4.2 -0.58 >0.05 Insignificant

Table 2:- Bio-distribution of *?*I-MET in normal and infected GIT (% ID) of male albino mice at 30, 60,180

minutes post injection.

Organ or fluid 30minutes 60minutes 180minutes

Normal GIT 28.5+0.5 33.1+0.6 34+0.6

Infected GIT 30.1+0.5 35+0.6 41+0.2

Ty/NT, 1.05+0.0 1.05+0.1 1.2+0.1

Significance Significant at P<0.01 Significant at P <0.01 Significant at P<0.0001

Table 3:- Bio-distribution of ***I-2NIM in normal and infected GIT (% ID) of male albino mice at 30, 60,180
minutes post injection.

Organ or fluid 30minutes 60minutes 180minutes

Normal GIT 8.1+05 12.7+2.3 11.5+1.0

Infected GIT 8+05 20.7+2.3 234+1.1

T,INT, 0.98+ 0.0 16+0.1 23+0.1

Significance Insignificant, P >0.05 Significant, P <0.01 Significant, P< 0.0001

Table 4:- Bio-distribution of *°I-MET in normal and infected blood (% ID) of male albino mice at 30, 60,180
minutes post injection.

1551




ISSN 2320-5407

International Journal of Advanced Research (2016), VVolume 4, Issue 7, 1547-1556

Organ or fluid 30minutes 60minutes 180minutes
Normal blood 12.3+2 7.6%0.0 35+0.1

Infected blood 10.4£0.2 45+0.2 3.8x0.1

T3/NT; 0.8+00 0.6x0.1 1101
Significance Insignificant, P >0.05 Significant, P < 0.0001 Significant < 0.0001

Table 5:- Bio-distribution of *?*1-2NIM in normal and infected Blood (% ID) of male albino mice at 30, 60,180
minutes post injection .

Organ or fluid 30minutes 60minutes 180minutes

Normal blood 48+0.2 8.8+£0.8 6+0.0

Inflamed blood 21+0.2 17+0.8 125+0.0

T4NT, 44+0.0 2+0.1 21+01

Significance Significant, P < 0.0001 Significant, P < 0.0001 Significant, P < 0.0001

Table 6:- Bio-distribution of *?*I-MET in normal and infected liver (% ID) of male albino mice at 30, 60,180
minutes post injection.

Organ or fluid 30minutes 60minutes 180minutes
Normal liver 9.8+0.2 109+0.2 11.7£0.7

Infected liver 9.9+0.2 10.2£ 0.2 12.3+0.2

Ts/NTs 1.0+ 0.0 -0.9+0.1 1.1+0.1
Significance Insignificant, P >0.05 Significant, P <0.01 Significant < 0.0001

Table 7 :- (Bio-distribution of*?® I-2NIM in normal and infected liver (% ID) of male albino mice at 30, 60, 180
minutes post injection..

Organ or fluid 30minutes 60minutes 180minutes
Normal liver 9.2+0.2 8.8+0.2 5.4+0.1
Infected liver 85+£0.2 57+£0.2 55+0.1
Te/NTs -0.9+£0.0 -0.6+0.1 1+00
Significance Significant, P <0.01 Significant, P< 0.0001 Significant, P< 0.0001

Table 8:- Bio-distribution of *?I-MET in normal and infected urine (% ID) of male albino mice at 30, 60, 180
minutes post injection.

Organ or fluid 30minutes 60minutes 180minutes
Normal urine 12+21 159+0.2 2061

Infected urine 13.4+£0.8 215+ 0.8 23.4+0.2

T.INT, 1.12+0.0 1.4+01 1.131£0.1
Significance Insignificant, P >0.05 Significant, P< 0.0001 Significant, P <0.01

Table 9:- Bio-distribution of ***I-NIM in normal and infected urine (% ID) of male albino mice at 30, 60, 180
minutes post injection.

| Organ or fluid 30minutes 60minutes 180minutes
Normal urine 15.6+ 0.6 36.2+1.6 61.0£ 0.6
Infected urine 5.6+ 0.6 30.2+ 1.6 44.1+0.6
Tg/NTg 0.4+0.0 0.8+0.2 0.7+0.0
Significance Significant, P < 0.0001 Significant, P <0.01 Significant, P< 0.0001
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Figures (1- 6) Blood-tissue kinetics of ***I-MET  Figures (7- 12) Blood-tissue kinetics of *°I-2-NIM
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