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ABSTRACT

Background: Some metal complexes of norfloxacin and ofloxacin have been synthesized and found to be more
potent than their free ligands, but have not been evaluated for their toxicities. Objective: Effects of ofloxacin,
norfloxacin and their metal complexes (nickel, copper, and iron complexes) on kidney and liver function indices in
rats were investigated. Materials and Methods: Ofloxacin and its metal complexes (2.86 mg/kg body weight
twice daily) and norfloxacin and its nickel complex (5.71 mg/kg body weight twice daily) were orally administered
to rats whereas the control animals received sterile distilled water for 7 days. Afterward, concentrations of
selected serum electrolytes and biomolecules were determined. Results: Ofloxacin significantly reduced
(P < 0.05) serum calcium ion, urea and total protein concentrations while it significantly increased (P < 0.05)
the atherogenic index compared to controls. Cuprate (Il) hydrate complex of ofloxacin significantly increased
(P < 0.05) serum glucose concentration while it significantly reduced (P < 0.05) serum inorganic phosphate
concentration compared to controls. Iron (Ill) complex of ofloxacin had no significant effect (P > 0.05) on all
the parameters studied compared with controls. Norfloxacin significantly increased (P < 0.05) serum glucose
concentration while it significantly reduced (P < 0.05) serum potassium ion concentration compared to contrals.
Nickel (Il) complex of norfloxacin significantly reduced (P < 0.05) serum creatinine and inorganic phosphate
concentrations compared to controls. Conclusion: The results of this study suggest that Iron (Ill) complex of
ofloxacin may be a less toxic therapeutic option compared with ofloxacin.
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INTRODUCTION

The development of fluoroquinolones has resulted in
antimicrobial agents with enhanced gram-negative activity [1,2].
Ofloxacin and norfloxacin are synthetic fluoroquinolones that
inhibit the supercoiling activity of bacterial DNA gyrases, thus
halting DNA replication [3,4]. The affinity of quinolones to
metal ions generally seems to be an important pre-requisite
for their antibacterial activity. They probably bind to the DNA
gyrases-complex via a magnesium ion [5]. However, many of
these conventionally used drugs have been rendered ineffective
due to drug resistance by bacteria. Therefore, there is a need to
develop new drugs against discases caused by these organisms.

One of the approaches to drug discovery is to administer currently
used drugs for the treatment of other diseases with the aim of
evaluating their potency against the disease in question [6].
Another way is to structurally modify the already existing drug
to obtain new molecules [6]. Fluoroquinolones generally form
stable metal chelate complexes [7]. There have been reports that
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the metal complexes of some antimicrobial drugs demonstrated
comparable efficacies with their parent compounds [8-11]. In our
previous studies, metal complexes of norfloxacin and ofloxacin were
synthesized and evaluated for their antibacterial activities [12].
Some of them were found to be as potent as the parent compound
against some strains of bacteria while some even exhibited better
antibacterial activities. However, it is necessary to test such new drugs
for their probable toxicities.

Fluoroquinolones are generally well-tolerated and safe [13]. Though
the most common adverse effects reported for all quinolones
involve those associated with the gastrointestinal tract, skin and
central nervous system [2], some have been reported to cause liver
toxicity, phototoxicity, cardiotoxicity, arthropathy, tendinitis and
hypoglycemia [14-16]. Some fluoroquinolones have been reported to
cause nephrotoxicity, which manifests in elevated levels of creatinine
and serum urea nitrogen e.g. ciprofloxacin, ofloxacin, norfloxacin
and pefloxacin [13,17]. Furthermore, renal failure, nephritis and
renal tubular disorder have been reported for ciprofloxacin [13].
The possibility of these adverse effects being reduced or aggravated
when complexed with metals cannot be ruled out.
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The present study was, therefore, carried out to evaluate the
toxicities of these newly synthesized potent metal complexes of
norfloxacin and ofloxacin in rat cellular systems using selected
organ function indices.

MATERIALS AND METHODS

Chemicals and Reagents

Norfloxacin and ofloxacin were obtained from Sigma-Aldrich
Chemie, Germany. All the other reagents used for this study
were of analytical grade and were prepared in all glass-distilled
water.

Animals

Thirty-five albino rats (Rattus novergicus) used for this study,
with an average weight of 150 g, were obtained from the small
Animal Holding Unit of the Department of Biochemistry,
University of Ilorin, Ilorin, Nigeria.

Animal Handling and Drug Administration

The experimental animals were handled and used in accordance
with the international guide for the care and use of laboratory
animals [18]. They were kept in standard laboratory conditions
under natural light-dark cycle. The animals had access to rat
chow (Bendel Feeds, Ewu, Delta State, Nigeria) and water
ad libitum throughout the period of the experiment. The
animals were randomly divided into seven groups (of five rats
each), which were designated A (control), B, C, D, E F and
G. Sterile distilled water was orally administered to control
rats in group A for 7 days while rats in Groups B, C, D and E
received 2.86 mg/kg body weight of ofloxacin (the therapeutic
dose), copper (II) dehydrate-ofloxacin complex, iron (I1I)-
ofloxacin complex and cuprate (II) hydrate-ofloxacin complex
[Figures 1-4] respectively twice daily for 7 days. Norfloxacin
(the therapeutic dose) and nickel-norfloxacin complex
[Figures 5 and 6] at the dose of 5.71 mg/kg body weight were
administered orally to animals in Groups F and G respectively
twice daily for 7 days.

Sample Preparation

At the end of the experimental period, venous blood was
collected from the experimental animals according to the
method of Narayanan et al. [19]. The serum was prepared
by centrifuging the clotted blood samples at 3000 rpm for
5 min [20], after which the serum was pipetted out and stored
frozen until required for analysis.

Assay of Biochemical Parameters
Serum concentrations of sodium and potassium ions were
determined by flame photometry using the Jenway Clinical

PFP7 flame photometer [21]. Total cholesterol concentration in
the serum was assayed using the CHOD-PAP method reported
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by Fredrickson et al. [22]. Serum high-density lipoprotein
(HDL)-cholesterol concentration was assayed using the dextran
method as described by Albers et al. [23]. The atherogenic index
was also calculated using the Friedwald equation [24] Protein
concentration in the serum was determined using the Biuret
method [25]. Serum urea concentration was assayed as per
Veniamin and Vakirtzi-Lemonias [26] while serum creatinine
concentration was determined by the method of Cook [27].
Serum albumin concentration was estimated using the albumin-
bromocresol green reaction method [28]. Serum phosphate
ion and calcium ion concentrations were determined by the
methods of Goldenberg and Fernandez [29] and Sarkar and
Chauhan [30] respectively.
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Statistical Analysis

The data were statistically analyzed using one-way analysis of
variance and Duncan Multiple Range test [31]. In all cases,
probability level of 95% was taken as significant.

RESULTS

Ofloxacin significantly reduced (P < 0.05) serum calcium ion,
urea, total cholesterol and total protein concentrations while
it significantly increased (P < 0.05) the atherogenic index
compared to controls [Tables 1-3]. Copper (II) dihydrate
complex of ofloxacin significantly reduced (P < 0.05) serum
sodium ion, urea, albumin and total protein concentrations with
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the atherogenic index, but significantly increased (P < 0.05)
serum HDL-cholesterol concentration compared to controls.
Cuprate (II) hydrate complex of ofloxacin significantly
increased (P < 0.05) serum glucose concentration while it
significantly reduced (P < 0.05) serum inorganic phosphate
and total cholesterol concentrations compared to controls. Iron
(III) complex of ofloxacin had no significant effect (P > 0.05)
on all the parameters studied compared to controls. Norfloxacin
significantly increased (P < 0.05) serum glucose concentration
while it significantly reduced (P < 0.05) serum potassium
ion concentration compared to controls [Tables 4-6]. Nickel
(II) complex of norfloxacin significantly reduced (P < 0.05)
serum creatinine and inorganic phosphate concentrations
but significantly increased (P < 0.05) serum total cholesterol
concentration compared to controls.

DISCUSSION

Serum creatinine and urea concentrations are kidney function
indices [32], though creatinine concentration is more specific
than urea concentration [33]. An increase in serum urea and
creatinine concentrations indicates renal dysfuction [34].
Ofloxacin and its metal complexes did not significantly increase
serum urea and creatinine concentrations, suggesting that they
may not impair normal kidney function. However, serum urea
concentration was significantly reduced by ofloxacin and its
copper (II) dihydrate complex, suggesting a dysfunction of the
liver rather than that of the kidney. Urea is mainly synthesized
in the liver through the concerted efforts of enzymes of the
urea cycle. It suggests that the ligand and its complex may
be inhibitors of at least one of the urea cycle enzymes. Also,
norfloxacin and its nickel (II) complex did not significantly
increase serum urea and creatinine concentrations compared
to controls, suggesting that they may not adversely affect
the function of the kidney. However, nickel (II) complex of
norfloxacin reduced serum creatinine concentration, suggesting
that the complex adversely affects the creatine metabolism
in the muscle [34]. These findings corroborate carlier
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Figure 6: (H,Nor),[NiCl,]-[Di(norfloxacinium (1+)) tetrachloronickelate(ll)]

Table 1: Effects of metal complexes of ofloxacin on the concentrations of some serum hiomolecules in rats

Groups Concentrations of serum biomolecules

Glucose (g/L) Albumin (g/L) Total protein (g/L) Urea (mmol/L) Creatinine (umol/L)
Control 2.66+0.14° 32.48+1.81% 70.38+1.81? 5.47+0.47° 65.66+16.98%
Ofloxacin 2.76+0.243° 31.13+0.90%° 64.06+0.45° 3.37+0.31° 54.34+4.87
Copper (I1) dihydrate complex 2.72+0.14%° 30.23+0.90° 59.55+2.71¢ 3.74+0.39° 61.70+7.36%
Iron (IIT) complex 2.90+0.012° 31.58+1.35% 69.02+1.35%¢ 5.67+0.87° 65.67+8.49%
Cuprate (I1) hydrate complex 2.96+0.20° 32.48+0.90° 65.87+2.71°¢ 4.88+0.16° 66.79+4.532

Values are means=SD. Values with different letter superscripts in each column are significantly different (P<0.05). SD: Standard deviation
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reports that ncphrotoxicity IS an uncommon consequence of
fluoroquinolone therapy [13].

The liver performs a major role in protein metabolism. Albumin
is synthesized in the liver and is involved in the maintenance
of oncotic pressure in extracellular fluids [35,36]. Also, a link
has been established between insulin and albumin synthesis.
The mRNA concentration available for albumin synthesis on
ribosomes is an important factor controlling the rate of albumin
synthesis. Insulin, apart from its primary function of enhancing
the uptake of glucose by cells, has been reported to be required
for adequate albumin synthesis because it affects the amount
of mRNA available for albumin synthesis [37]. Only the copper
(II) dihydrate complex of ofloxacin reduced serum albumin
concentration in this study with no significant increase in serum
glucose concentration. It thus suggests that the reduction may
not be as a result of a dysfunction in insulin sccretion by the
pancreas, but as a result of decreased albumin synthesis in the
liver resulting from factors other than insulin unavailability.

Table 2: Effects of metal complexes of ofloxacin on the
concentrations of some serum electrolytes in rats

Groups

Concentrations of serum electrolytes
Na* (mmol/L) K* (mmol/L) Ca?* (mmol/L) PO~ (mmol/L)

Control 145.25+1.75% 5.41+0.14*" 2.16+0.03* 3.31+0.24%"
Ofloxacin 146.13+1.31% 5.54+0.10° 2.10+0.05% 3.55+0.20"
Copper (II) 141.75+1.75° 5.27+0.20° 2.10%+0.05% 3.62+0.32"
dihydrate
complex
Iron (IID) 146.13+1.31* 5.30*0.14* 2.20%+0.05* 3.11+0.20%¢
complex
Cuprate (IT) 146.13+0.35* 5.34+0.20* 2.16*0.01° 2.84+0.20°
hydrate
complex

Values are means+SD. Values with different letter superscripts in each
column are significantly different (P<0.05). SD: Standard deviation

Table 3: Effects of metal complexes of ofloxacin on some
serum lipid parameters in rats

Groups Total cholesterol ~ HDL-cholesterol ~ Atherogenic
concentration concentration index
(mmol/L) (mmol/L)

Control 4.43+0.27% 1.89+0.14%¢ 2.11+0.03?
Ofloxacin 3.85+0.14° 1.49+0.24° 2.48+0.03"°
Copper (I1) 4.60+0.342 2.30+0.41° 1.92+0.01°
dihydrate complex

Iron (ITI) complex 4.73+0.41° 2.23+0.27°¢ 2.11+0.02°
Cuprate (IT) 3.51+0.14° 1.82+0.14% 1.94+0.02%¢

hydrate complex

Values are means+SD. Values with different letter superscripts in each
column are significantly different (P<0.05). SD: Standard deviation,
HDL: High-density lipoprotein

Cuprate (II) hydrate complex of ofloxacin on the other hand,
increased serum glucose concentration without any effect on
serum albumin concentration. The same observation was made
for norfloxacin. It thus implies that cuprate (II) hydrate complex
of ofloxacin and norfloxacin may interfere with the binding of
insulin to its cellular receptors in such a way that prevents glucose
uptake rather than inhibiting insulin synthesis and secretion by
the pancreas since insulin is also required for albumin synthesis.
Ofloxacin and its copper complexes reduced serum total protein
concentration compared to control. The fact that ofloxacin and
its cuprate (II) hydrate complex reduced protein concentration
without reducing albumin concentration in the serum suggests
that other fractions of serum protein (predominantly globulins)
were adversely affected by these compounds, which may invariably
affect antibody-mediated immune response.

Only copper (II) dihydrate complex of ofloxacin reduced the
serum Na* concentration. Reduction in serum Na* concentration
may be as a result of alterations in the filtration of the ion
in the kidney caused by the compound. It may be that the
compound interferes with regulatory functions of hormones,
such as aldosterone and other mineralocorticoids, required for the
reabsorption of the ion either by inhibiting the synthesis of the
hormones or interfering with the stimulation of Na*/H™* exchanger
by the hormones [21]. The fact that all the metal complexes and
their free ligands did not significantly alter the serum calcium ion
concentration suggests that they do not adversely affect calcium
ion homeostasis. The observed decrease in serum phosphate ion
concentration by cuprate (II) hydrate complex of ofloxacin and
nickel (II) complex of norfloxacin suggests that the homeostatic
mechanism for phosphate ion concentration has been impaired.
Despite the alterations in concentrations of various electrolytes
studied, all the values obtained were within the normal range,
suggesting that the observations are of no clinical importance.

The ratio of the serum total cholesterol concentration to
serum HDL-cholesterol concentration is a strong indicator of
cardiovascular diseases [38]. The increase in this ratio indicates
a greater tendency of developing cardiovascular diseases
and vice versa. In the present study, ofloxacin increased the
atherogenic index while its copper (II) dihydrate complex
reduced it compared to control. Other compounds studied did
not significantly affect the atherogenic index. This suggests
that the metal complexes of ofloxacin and norfloxacin may not
predispose subjects to cardiovascular diseases as the free ligand.

Of the four metal complexes of the two fluoroquinolones
studied in comparison with their ligands, the results suggest
that Iron (III) complex of ofloxacin may be a better therapeutic
option, being less toxic than its parent compound.

Table 4: Effects of nickel complex of norfloxacin on the concentrations of some serum biomolecules in rats

Groups Concentrations of serum biomolecules

Glucose (g/L) Albumin (g/L) Total protein (g/L) Urea (mmol/L) Creatinine (umol/L)
Control 2.66+0.14% 32.48+1.81° 70.38+1.81¢ 5.47+0.47%° 65.66+16.982
Norfloxacin 3.16+0.16° 36.19+6.61° 64.51+9.02* 6.59+1.01° 76.42+15.85%
Nickel (IT) complex 2.76+0.35% 29.86+2.72? 64.96+2.25% 4.85+0.342 39.62+5.66"

Values are means=SD. Values with different letter superscripts in each column are significantly different (P<0.05). SD: Standard deviation
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Table 5: Effects of nickel complex of norfloxacin on the
concentrations of some serum electrolytes in rats

Groups

Concentrations of serum biomolecules
Na* (mmol/L) K* (mmol/L) Ca** (mmol/L) PO~ (mmol/L)

Control 145.25+1.75* 5.41+0.14* 2.16+0.03° 3.31+0.24
Norfloxacin 143.66+3.64% 4.83+0.39° 2.10+0.27°  3.38=+0.61%
Nickel (IT) 142.80+2.73% 5.41+0.41° 2.13+0.01% 2.30+0.14°
complex

Values are means+SD. Values with different letter superscripts in each
column are significantly different (P<0.05). SD: Standard deviation

Table 6: Effects of nickel complex of norfloxacin on some
serum lipid parameters in rats

Groups Total cholesterol ~ HDL-cholesterol  Atherogenic
concentration concentration index
(mmol/L) (mmol/L)
Control 4.43+0.27° 1.89+0.14° 2.11+0.03*
Norfloxacin 4.26+0.25° 1.75+0.22? 2.07+0.00°
Nickel (IT) complex 4.93+0.27° 1.95+0.07° 2.05+0.03%

Values are means+SD. Values with different letter superscripts in each
column are significantly different (P<0.05). SD: Standard deviation,
HDL: High-density lipoprotein

REFERENCES

1. Khan JA, Igbal Z, Rahman SU, Farzana K, Khan A. Report: Prevalence and
resistance pattern of Pseudomonas aeruginosa against various antibiotics.
Pak J Pharm Sci 2008;21:311-5.

2. De Sarro A, De Sarro G. Adverse reactions to fluoroquinolones. an overview
on mechanistic aspects. Curr Med Chem 2001;8:371-84.

3. Cornaglia G, Concan R, Arrigucci S, Novelli A. Antibacterial activity and
pharmacological features of fluoroquinolones and considerations on their
use in a nosocomial setting. Infez Med 2007;15:211-36.

4. Maxwell A. The molecular basis of quinolone action. J Antimicrob Chemother
1992;30:409-14.

5. Palu G, Valisena S, Ciarrocchi G, Gatto B, Palumbo M. Quinolone binding
to DNA is mediated by magnesium ions. Proc Natl Acad Sci U S A
1992;89:9671-b.

6. Rosenthal PJ. Antimalarial drug discovery: Old and new approaches. J Exp
Biol 2003;206:3735-44.

7. Lomaestro BM, Bailie GR. Absorption interactions with fluoroquinolones
1995 update. Drug Saf 1995;12:314-33.

8. Drevenski P Golobic A, Turel |, Poklar N, Sepcic K. Crystal structure,
characterization and biological activity of copperlii}-ciprofloxacin ionic
compound. Acta Chim Slov 2002;49:857-70.

9. Kawazoe H, Takaoka K, Shibata H, Arakaki N, Higuti T, Negayama K,
et al. Comparison of antibacterial activity of fluoroquinolones with their
sucralfate-complexes against clinically-isolated bacteria. J Health Sci
2009;55:790-5.

10.  Obaleye JA, Akinremi CA, Balogun EA, Adebayo JO. Toxicological studies
and antimicrobial properties of some iron (lll) complexes of ciprofloxacin. Afr
J Biotechnol 2007,6:2826-32.

11, Turell. Theinteraction of metal ions with quinolone antibacterial agents. Coord
Chem Rev 2002;232:27-47.

12. ObaleyeJA, Akinremi CA, Balogun EA, Adebayo JO. Syntheses, characterization,
antimicrobial and toxicological studies of some metal complexes of
norfloxacin and ofloxacin. Centrepoint (Science Edition) 2009;16:37-56.

13.  Lipsky BA, Baker CA. Fluoroquinolone toxicity profiles: A review focusing on
newer agents. Clin Infect Dis 1999;28:352-64.

14.  Schaad UB, Wedgwood J. Lack of quinolone-induced arthropathy in
children. J Antimicrob Chemother 1992;30:414-6.

15. Wolfson JS, Hooper DC. Fluoroquinolone antimicrobial agents. Clin
Microbiol Rev 1989;2:378-424.

J Invest Biochem e 2014 e Vol3 e Issue4d

Adebayo, et al.: Toxicities of metal complexes of fluoroquinolones

16.  Wilcox MH. Ten years of ciprofloxacin: The past, present and future.
Serious hospital infections. Introduction. J Antimicrob Chemother
1999;43 Suppl A:115.

17. Halkin H. Adverse effects of the fluoroquinolones. Rev Infect Dis
1988;10 Suppl 1:5258-61.

18. National Research Council. Institute of Laboratory Animal Resources
Commission in Life Sciences. Washington, DC: National Academy
Press; 1996.

19. Narayanan CR, Joshi DD, Maunder AM. Hypoglycemic action of
Bougainvillea spectabilis leaves. Curr Sci 1984;53:579-81.

20. Ogbu SI, Okechukwu El. The effect of storage temperature prior
to separation on plasma and serum potassium. J Med Lab Sci
2001;10:1-4.

21. Tietz NW, Pruden EL, Siggaard-Anderson O. In: Burtis GA,
Ashwood ER, editors. Tietz Textbook of Clinical Chemistry. London:
W.B. Saunders Company; 1994. p. 1354-74.

22. Fredrickson DS, Levy RI, Lees RS. Fat transport in lipoproteins — An
integrated approach to mechanisms and disorders. N Engl J Med
1967,276:148-56.

23. Albers JJ, Warnick GR, Chenng MC. Quantitation of high density
lipoproteins. Lipids 1978;13:926-32.

24. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in plasma, without
use of the preparative ultracentrifuge. Clin Chem 1972;18:499-502.

25.  Gornall AG, Bardawill CJ, David MM. Determination of serum proteins
by means of the biuret reaction. J Biol Chem 1949;177:751-66.

26. Veniamin MP, Vakirtzi-Lemonias C. Chemical basis of the
carbamidodiacetyl micromethod for estimation of urea, citrulline,
and carbamyl derivatives. Clin Chem 1970;16:3-6.

27. Cook JG, Association of clinical Biochemists' Scientific and Technica
Committee. Factors influencing the assay of creatinine. Ann Clin
Biochem 1975;12:219-32.

28. Grant GH, Kachmar JF. In: Tietz NW, editor. Fundamentals of Clinical
Chemistry. 3 ed. W.B. Philadelphia: Saunders Company; 1987.
p. 298-320.

29. Goldenberg H, Fernandez A. Simplified method for the estimation of
inorganic phosphorus in body fluids. Clin Chem 1966;12:871-82.

30. Sarkar BC, Chauhan UP A new method for determining micro
quantities of calcium in biological materials. Anal Biochem
1967;20:155-66.

31. Montgomery DC. Design and Analysis of Experiment. New York:
John Wiley; 1976. p. 48-50.

32. Smith GL, Shlipak MG, Havranek EP. Foody JM, Masoudi FA,
Rathore SS, etal. Serum urea nitrogen, creatinine, and estimators of
renal function: Mortality in older patients with cardiovascular disease.
Arch Intern Med 2006;166:1134-42.

33. Marshall WJ, Bangert SK. Clinical Chemistry. Edinburgh: Mosby
Elsevier; 2008.

34. Wyss M, Kaddurah-Daouk R. Creatine and creatinine metabolism.
Physiol Rev 2000;80:1107-213.

35. Miller LL, Bly CG, Watson ML, Bale WF. The dominant role of the liver
in plasma protein synthesis; a direct study of the isolated perfused rat
liver with the aid of lysine-epsilon-C14. J Exp Med 1951;94:431-53.

36. Lundsgaard-Hansen P. Physiology and pathophysiology of colloid
osmotic pressure and albumin metabolism. Curr Stud Hematol Blood
Transfus 1986;:1-17.

37. De Feo P, Gaisano MG, Haymond MW. Differential effects of insulin
deficiency on albumin and fibrinogen synthesis in humans. J Clin
Invest 1991;88:833-40.

38. Kazi-Aoul T, Benmiloud M. The Friedewald formula: Another
restriction? Clin Chem 1987;33:1301.

© GESDAV, licensee GESDAV. This is an open access article licensed under
the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted,
non-commercial use, distribution and reproduction in any medium, provided
the work is properly cited.

Source of Support: Nil, Conflict of Interest: None declared.

163



