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Abstract: The aim of the study was to investigate behavior of resistant Mycobacterium tuberculosis
(MTB) isolates under a high dose of ofloxacin and its morphological changes. 19 extensively drug
resistant (XDR) clinical isolates of MTB were grown on Lowenstein—Jensen medium containing
progressively increasing concentrations of ofloxacin (2, 4, 8, 16, 32 mg/L). Ultra-structure analyses of
resistant isolates grown on ofloxacin were conducted by transmission electron microscopy (TEM).
Fixation was carried out by 4% glutaraldehyde in 0.1 M sodium cacodylate buffer on 300 mesh
carbon formvar copper grid. The samples were negatively stained with uranium acetate suspension.
All 19 XDR MTB isolates were grown and formed colonies successfully on 2, 4, 8 mg/L, seven isolates
on 16 mg/L, and four isolates on 32 mg/L ofloxacin. Morphological changes and unusual forms were
detected in 8, 16 and 32 mg/L ofloxacin at 43%, 76.5% and 81% of cells, respectively. Swollen form
(protoplast like), ghost-like cell, degraded forms, and in a few cases, detached cytoplasm from
cell wall were clearly detected in high drug concentrations in comparison to control. Changes in
morphology were increased with increasing ofloxacin concentrations (p < 0.05). Some XDR isolates
could be successfully grown on high doses of ofloxacin (32 mg/L), but with changes in morphology.
It was concluded that several magnitudes of the drug doses could not prevent growth of drug
resistant forms.
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1. Introduction

Tuberculosis is a dangerous disease globally, with 9 million new cases each year [1]. About one third
of the world’s population is infected with Mycobacterium tuberculosis (MTB) and 20 million are affected
with tuberculosis [2]. Tuberculosis (TB) has greatly impacted the morbidity and mortality of humanity.
MTB—the etiological agent responsible for the disease TB—remains the main cause of human mortality
worldwide and could be resisted to a series of drugs through the history [3]. There are almost 2.7 million
deaths caused by TB each year, and it has been estimated that approximately 2 billion people are
harboring latent TB. This potential reservoir for active TB and the high mortality rate each year
attributed to TB indicate that TB remains a serious public health threat [3].

Currently, TB is treated with four antibiotics. In resistant cases, treatment lasts from 1-2 years [4].
This is quite notable where ordinary bacterial infections are typically treated with antibiotics in only
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10-14 days. Treatment of TB patients with anti-tuberculosis drugs is related to a number of factors.
This bacillus grows slowly, so antibiotic therapy should be prolonged proportionately to effectively
destroying all MTB cells in the host. Since antibiotics destroying active cells (replicating forms), the fact
that MTB may reside in an inactive form or in a latent state in the host is a very complicating factor
and requires prolonged treatments [5].

TB patients under prolonged antibiotic treatment regimens are notoriously weak, and it is common
for patients to have incomplete treatment that results in drug-resistant MTB strains circulating in the
human population. The frequency of these events is startling and has led to multiple drug-resistant
MTB (MDR-TB, TB which does not respond to both isoniazid and rifampicin simultaneously),
and extensively drug resistant TB (XDR-TB) with additional resistance to more anti-tuberculosis drugs.
In many cases, MDR-TB and XDR-TB is impossible to successfully treat or is very costly [2,6].

There has been a renewed interest in the quinolones (a class of antimicrobial drugs) during
the last decade, and new synthetic fluoroquinolones such as norfloxacin, ofloxacin, lomefloxacin,
and sparfloxacin have been found to be very potent against MTB. Many of these compounds
(particularly ofloxacin) can penetrate the cells and is active against intracellular MTB [7,8]. Ofloxacin is
highly active against MTB, and is an important drug in tuberculosis treatment [3,7,9].

Ofloxacin was developed in 1982 as an analog of norfloxacin (the first fluoroquinolone antibiotic),
and received the approval of the U.S. Food and Drug Administration (FDA) in 28 December 1990 [3,10,11].

Ofloxacin is a second-generation fluoroquinolone effective on DNA gyrase (type II topoisomerase)
and topoisomerase IV, which is an enzyme necessary to separate replicated DNA, thereby inhibiting
bacterial cell division [12,13].

Like other quinolone drugs, ofloxacin has been associated with a number of serious side effects,
such as spontaneous ruptures of tendon and irreversible peripheral neuropathy, and in severe cases,
may result in lifelong disabilities [14].

There are many ultrastructural studies on MTB. The mycobacterium cell wall skeleton is
comprised of peptidoglycan, the plasma membrane is mostly comprised of phosphatidylinositol
mannosides (PIMs), and the outer layer of the envelope is comprised of mycolic acids and
lipoarabinomannan (LAM). This outer layer has many long-chain diols, such as phenolic glycolipids
and mycosidic waxes [12,14].

The MTB cell wall is full of lipids, and it has been described as wax-like; some ultrastructural
analyses attempted to describe the structure with chemical entities contained within the MTB cell
wall [3,13]. The growth of MTB on culture medium containing a 2 mg/L concentration of ofloxacin
means that the bacterium is resistant to ofloxacin.

The aim of the study was to investigate the behavior of ofloxacin-resistant MTB grown on very
high doses of ofloxacin and any morphological changes during exposure to ofloxacin.

2. Materials and Methods

2.1. Clinical Isolates

In this study, 19 XDR clinical isolates of MTB were obtained from the Institute for Pulmonology
and Phthisiology, Minsk, Belarus, in relation with THE Research Institute for Epidemiology and
Microbiology, Minsk, Belarus.

2.2. Culture Conditions

The isolates were cultured on Lowenstein—Jensen medium (Merck, Darmstadt, Germany)
containing progressively increasing concentrations of ofloxacin (2, 4, 8, 16, 32 mg/L) in slant agar tubes,
and were incubated at 37 °C for 28 days. All experiments were done under a class II biosafety cabinet
(BSC; vertical, laminar-flow which blows filtered air over work area; Ultra Violet lamp optional).
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2.3. Inoculation

Suspensions containing approximately 1.5 x 108 colony forming units (CFU)/mL were prepared
from MTB grown on ofloxacin-containing medium and were isolated by drug free media in
a pre-sterilized laminar hood for aseptic precautions. Pellets were harvested from the suspensions by
centrifugation at 7000 rpm for 5 min.

2.4. Transmission Electron Microscopy (TEM)

Samples were prepared for TEM examination as described earlier [12].

Briefly, bacterial cells were fixed by 4% (v/v) glutaraldehyde and 0.1 M sodium cacodylate buffer
(Merck) at pH 7.2. Post fixation was carried out in 1% (w/v) osmium tetroxide in cacodylate buffer for
2 h at room temperature.

In order to examine whole morphology changes (not intracellular parts), negative staining was
performed. For this purpose, the samples were placed on 300 mesh copper grids covered by carbon
formvar, and excess solution was removed by blotting with filter paper and stained with 5% (w/v)
uranyl acetate in 70% (v/v) methanol.

The morphology of isolates was examined by Transmission Electron Microscope (Hitachi H7100,
Hitachi, Tokyo, Japan).

3. Results

3.1. Culture Results

Nineteen XDR clinical isolates of MTB grew successfully on Lowenstein—Jensen medium
containing ofloxacin.

All studied XDR isolates were grown on 2, 4, 8 mg/L, seven isolates on 16 mg/L, and four isolates
on 32 mg/L ofloxacin, and grown successfully (Figure 1).

Figure 1. Colony formation of extensively drug resistant tuberculosis (XDR-TB) cells grown on medium
with 32 mg/L ofloxacin.

3.2. TEM Examinations

TEM images revealed that ofloxacin-resistant XDR MTB isolates in high doses of ofloxacin had
marked morphological differences in comparison with isolates grown in medium without any drugs
(Figures 2-5). In the present study, the TEM images showed marked differences in morphology among
the studied isolates. In some XDR cells, an abnormal ultrastructure were shown.

The change of morphology from bacilli form to oval or degraded forms was seen in cultures at
the incubation period with antibiotic concentrations.
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3.3. XDR MTB Grown on Drug-Free Medium

XDR-TB clinical isolates grown in medium without any antibiotics were used as control. As shown
in Figure 2, the XDR-TB isolates had normal morphology in single (B) and in flock (C).
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Figure 2. XDR-TB controls (XDR cells grown in medium without any antibiotic) in single (A,B) and in
flock (C). Magnification: 40,000x.

3.4. XDR MTB Grown on 8 mg/L Ofloxacin

The morphology of bacteria in 8 mg/L ofloxacin had no visible changes, but in Figure 3A, it can
be seen that the morphology began to change. Overall, around 10% of the cells had minor changes in
morphology. As shown, cells arranged in single form or created small flock (Figure 3).
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Figure 3. XDR-TB cells grown in medium containing 8 mg/L ofloxacin in single (A,B) and in flock (C,D).
Magnification: 40,000 .

3.5. XDR MTB Grown on 16 mg/L Ofloxacin

Morphological changes were obviously seen in the cells grown on medium containing

16 mg/L ofloxacin .
As shown in Figure 4, changed cells were detected in 55% of all cells. Swollen form (protoplast like) (D),

ghost-like cell (A), and degraded forms (B) could be seen in the figure. In a few cases, the cytoplasm
was detached from the cell wall (C).

---20nm = : D --35nm

Figure 4. (A-C) 40,000 x magnified and (D) 100,000 x . The isolates were grown on 16 mg/L ofloxacin,
and changes in morphology are clearly distinguishable.
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3.6. XDR MTB Grown on 32 mg/L Ofloxacin

At a concentration of 32 mg/L ofloxacin, more than 80% of XDR-MTB cells had abnormal
morphologies, as described for the 16 mg/L concentration (Figure 4). However, even in this form,
growing cells were detected (Figure 5) (Table 1).

All of them have formed normal colonies in Lowenstein-Jensen medium (Figure 5).

---10nm ---20nm

Figure 5. Morphological changes in XDR-TB cells grown on concentration of 32 mg/L ofloxacin.
(A-F,H) 40,000x; (G,I) 80,000 x.

Table 1. Morphology of Mycobacterium tuberculosis (MTB) cells grown on increasing doses of ofloxacin.

Dose (mg/mL) Destruction  Spherical Oval Without Changes
8 0% 0% 43% 57%
16 29.40% 29.40% 17.60% 23.50%
32 32.20% 20.80% 28% 19%

The morphology of MTB cells grown on high doses of ofloxacin was changed but not destroyed.
The growth of bacteria in high doses of ofloxacin disagrees with the probability of resistance break by
administration of high doses of ofloxacin.

4. Discussion

Drug resistance in MTB is still the main reason for the worldwide distribution of tuberculosis
disease. Growth and colony forming of MTB on medium containing 2 mg/L ofloxacin means that
the bacterium is resistant to ofloxacin. In this study, a few resistant isolates were grown on medium
containing ofloxacin with 16 magnitude concentrations (32 mg/mL). It was concluded that we cannot
control the drug-resistant strains and treat resistant tuberculosis patients with high dose administration
of the drug [2,3], and such high concentrations of ofloxacin would likely be toxic to humans.

Fluoroquinolones such as, norfloxacin, ofloxacin, lomefloxacin, and sparfloxacin have been
found to be potent with broad spectra of activity against mycobacteria. Many of these compounds
(particularly ofloxacin) show very high activity against Mycobacterium tuberculosis, and could penetrate
the mammalian cells and act intracellularly [7,8]. Ofloxacin is considered to be a second-generation
fluoroquinolone, and is an important drug in tuberculosis cure [14].

Sieniawska et al. found that the essential oil of Monardella purpurea had a significant
antimycobacterial activity. They proved significant changes in the overall Mycobacterium cell shape
and cytoplasm uniformity and consistency by TEM evaluation [15].
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The ultrastructure of MTB cells undergoing division was examined by electron microscopy in
the work by Dahl. He reported two features of cell division and observed cells undergoing a type of
snapping post fission movement [16].

In the other work, he showed surface bleb-like structures that accumulate as cultures age.
He reported the unusual feature of aging MTB cultures that develop extracellular fibrils which had
roles of adhering cells to surfaces [17].

In the present study, we found morphological changes in MTB cells when exposed to high doses
of ofloxacin.

Velayati and Farnia reported marked differences in the thickness of resistant and susceptible
MTB cell walls as 20.2 and 17.1 nm for the XDR and MDR TB bacilli, respectively, and 15.6 nm for the
susceptible isolates by TEM [18].

Hosseini et al. reported that transmission electron microscopy examination revealed two distinct
types of pili in MTB isolates. They found a bundle-forming pilus and rope-like ones in 10% of all
studied isolates [12].

In this study, the action of ofloxacin on the growth and morphology of Mycobacterium cells during
exposure to various doses (control, 2, 4, 8, 16 and 32 mg/L) of ofloxacin was investigated. It was
shown morphological changes were increased with increasing drug concentration.

5. Conclusions

Transmission electron microscopy showed obvious differences among XDR isolates that were
not exposed to the drug and the isolates that were exposed to 16 and 32 mg/L concentrations of
ofloxacin. It was concluded that several magnitudes of drug doses could not prevent the growth of
drug-resistant forms.
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