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Abstract: Tuberculostatic drugs are the most common drug groups with global
hepatotoxicity. Awareness of potentially severe hepatotoxic reactions is vital, as hepatic
impairment can be a devastating and often fatal condition. The treatment problems that may
arise, within this class of medicines, are mainly of two types: adverse reactions (collateral,
toxic or hypersensitive reactions) and the initial or acquired resistance of Mycobacterium
tuberculosis to one or more antituberculosis drugs. Prevention of adverse reactions, increase
treatment adherence and success rates, providing better control of tuberculosis (TB). In this

regard, obtaining new drugs with low toxicity and high tuberculostatic potential is essential.



Thus, in this work, we have designed or synthesized new derivatives of isoniazid (INH), such
as new lIsonicotinoylhydrazone (INH-a, INH-b and INH-c). These derivatives demonstrated
good biocompatibility, antimicrobial property similar to that of parent isoniazid and last but
not least, a significantly improved Pharmacotoxicological profile compared to that of
isoniazid.

Keywords: isoniazid, isonicotinoylhydrazone, tuberculosis, biocompatibility, antimicrobial,
hepatotoxicity.
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1. INTRODUCTION

Tuberculosis (TB) is the deadliest infectious disease causes of 1.6 million deaths and around
10 million new TB cases registerd worldwide in 2017 alone (Global tuberculosis report 2018).
TB is considered as the major challenge to the public health authorities in the countries where
the infection and diagnosis can not be regulated appropiately. When the treatment is
appropriate, tuberculosis caused by drug-sensitive strains is cured in most of the cases, and if
the disease is not treated, it become fatal in up to 65% of cases, within 5 years of evolution
(Loscalzo and Harrison, 2017). The risk of contamination and spread of Mycobacterium
tuberculosis is high, due to its size, which leads to good aerosolization and to overcoming the
respiratory barrier, entering into the lungs. According to growth conditions and age of the
culture, bacilli may vary in size so that their dimensions have been reported to be 1-10 um in
length and 0.2 -0.6 um width (Talip et al. 2013). Therefore, the aerogenic route is the most
common way of transmitting tuberculosis infection from individual to individual (90%)
(Yates et al. 2016). Antituberculosis therapy is being carried out today, by combining
medication, this process being a standard in medical practice, aiming at the eradication of

some resistant Mycobacterium tuberculosis species (Hoagland et al. 2016; Hu et al. 2017).

The therapeutic treatment of TB involves the adminstration of tuberculostatic drugs.
However, these tuberculostatic drugs are the most common drug groups with global
hepatotoxicity and the incidence of hepatotoxicity induced by them, varies greatly, depending
on the drug regimens involved, the threshold used to define hepatotoxicity and reporting
practices. In general, hepatotoxicity was reported in 5-28% of people treated with anti-TB

medication (Vidyasagar and Guruprasad, 2012).



In this context, our attention stopped on isoniazid (INH) or Isonicotinyl hydrazine
(arylhydrazine), one of the most widely used tuberculostatic drugs, which exhibits rapid oral
absorption, reaching peak plasma concentrations within 1-2 hours of administration, with
primary metabolism at the liver, via the N-acetyltransferase (NAT) enzyme system. Therefor,
it is essential to take high doses of toxic INH, this process being directed towards an
autoimmune reaction that affects the liver, causing high hepatotoxicity in the treatment with
isoniazid (Susmita et al. 2016). For this major tuberculostatic drug, the most common side
effect is the increase in the level of liver enzymes in the blood, which can lead to hepatitis.
Hepatic toxicity caused by INH may occur as cellular necrosis, steatosis or both (Hossein et
al. 2017).

The novelty of this work consists of developing a preclinical solution to reduce the risk of
hepatotoxicity following tuberculostatic therapy with isoniazid, while maintaining its high
therapeutic potential. Such a study conducted in a multidisciplinary context will contribute at
the same time to the improvement of the obtained results as well as for increasing the impact
on the scientific community. In this regard, three types of aromatic aldehydes were
introduced: benzaldehyde, 2-Nitrobenzaldehyde, and Bromobenzaldehyde, with the objective
of obtaining new INH condensation products, to minimize the acute and chronic tissue
toxicity and improve the tuberculostatic potential. Regarding the development of new
tuberculostatic agents, the obtaining of Isonicotinyl hyrazones has attracted the attention of
researchers over time due to improved liposolubility (Sriram et al. 2005), their well
established activities and clinical applications (Ahmad et al. 2005), while various studies have
shown the effect of substances with different structures, on the Mycobacterium tuberculosis
strain (Carroll et al. 2013; lona et al. 2007; Carroll and Parish, 2015; Piccaro et al. 2013;
Manetti et al. 2000; Da Silva Lourencgo et al. 2008; Abdel-Aziz and Abdel-Rahman 2010;
Maccari et al. 2005; Silva et al. 2006; Carvalho et al. 2008; Sriram et al. 2005; Navarrete-
Vazquez et al. 2007; Bartzatt et al. 2012). In additon, physico-chemical characterization as
well as in vitro (antimicrobial activity, biocompatibility) and in vivo biological evaluation
(acute and chronic toxicity with histopathological study), complete the present work to
highlight the impact of isoniazid chemical modification on the pharmacotoxicological profile

improvement.



2. MATERIALS AND METHODS

2.1.General procedure for obtaining new hydrazones of INH
The condensation reaction between isoniazid and the three types of Aromatic Benzaldehydes
Benzaldehyde (a), 2-Nitro-benzaldehyde (b) and 4-Bromo-benzaldehyde (c)) was carried out
in a molar ratio of 1: 1. Thus, Isoniazid (0.0145 moles) is dissolved by heating in 50 ml
absolute ethyl alcohol and over the solution thus obtained, 0.0145 moles of the corresponding
aromatic benzaldehyde, is added. Over the resulting mixture, glacial acetic acid (2 mL) was
added and then kept in a water bath under reflux for 8 hours. The resulting precipitate at the
end of the reaction time was separated by filtration, washed with distilled water and dried at
room temperature. The general synthesis scheme (Figure 1) has been developed by adopting
some methods of condensation of similarly-structured compounds (Voséatka et al. 2018; Hu et
al. 2017).
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O, 5 ¢
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Figure 1. The general scheme for obtaining the three isonicotinoylhydrazones (INH-a, INH-b
and INH-c).

2.2.Physico-chemical and spectral characterization of new INH derivatives
The condensation products of INH have been physically and chemically characterized,
determining melting temperature, reaction yield, molecular formula and relative mass.
Chemical structure confirmation, of the synthesized compounds was performed using spectral

methods: Infrared Spectroscopy and Nuclear Magnetic Resonance (*H-NMR).

2.2.1. Attenuated Total Reflectance FTIR (ATR-FTIR)
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The chemical structural analysis of INH and derivatives of INH were evaluated by ATR-FTIR
analysis. The experiment was performed with a JASCO FTIR-6200 (Tokyo, Japan) equipped
with a MIRacle attenuated total reflection (ATR) Crystal Ge (IR penetration, 0.66 mm) cell in
reflection mode, and absorbance spectra were collected at 32 scans coded with 4 cm™
resolution in the region 4000-450 cm . (Samal et al. 2014; Samal et al. 2014; Samal et al.
2015)

2.2.2. 'H NMR spectroscopy analysis

'H NMR spectra of INH and its derivatives were recorded with a JEOL NMR spectrometer
500 MHz using 5 mm LN2 cooled-probe. The samples were dissolved in DMSO-D6 (99.9%
D) and '"H NMR spectra were recorded at 298 K with 32 scans. The chemical shifts were
expressed in Parts Per Million (PPM).

2.3.X-ray diffraction (XRD) study
The XRD of newly synthesized hydrazones were compared with that of pure isoniazid. The
diffraction patterns were collected using an X-ray diffractometer (XRD; X’PertPro
PANanalytical) working in the Bragg—Brentano configuration and equipped with a Cu Ka
radiation (A=1.5417 A’), a diffracted beam monochromator and a scintillation detector. The
samples were scanned at room temperature over a 20 range of 5-60 C with a step size of
0.028 and a time per step of 2s. (Samal et al. 2014; Samal et al. 2014)

2.4. Thermogravimetric Analysis (TGA)
TGA experiments were performed with a TA Instruments, Q500 thermo-balance with
Thermogravimetric Analyzer software (Universal Analysis 2000). Sample weights were
between 4 and 6 mg and were scanned at 10 °C min . The temperature range was 30—700 °C
under a 60 mL min* flow rate of air (Samal et al. 2009; Samal et al. 2014; Samal et al. 2015).

2.5.In vitro biocompatibility evaluation of the samples using MTT cell viability assay

2.5.1. Cell culture and materials

Cytotoxicity evaluation of the samples was preformed according to the SR-EN IS 10993
Standard using the MTT (thiazolyl tetrazolium bromide) test, with cell morphology was
revealed by Hematoxylin-Eosin staining and observed by optical microscopy. In experiment
the cultured cells were exposure directly to the samples followed by cell viability MTT assay.



MTT tetrazolium cell proliferation assay as described for the first time by Mosmann in 1983,
consists in a cellular reduction of the mitochondrial dehydrogenase enzyme by tetrazolium
reagent in metabolically active cells and formation of a formazan precipitate, which requires
the addition of a solubilizing agent to generate a solution suitable for recording absorbance.
The amount of purple-blue solution obtained after dissolving in isopropanol is directly
proportional to the number of viable cells in standard culture conditions.

In vitro biocompatibility assessing of INH and its derivatives based powder compounds was
performed on Mouse fibroblasts (L929) cultured in T-25 tissue culture flasks and incubated
overnight at 37 °C and 95% relative humidity in an air atmosphere containing 5% CO,. The
cell suspension was seeded at a density of 4 x 10* cells/mL and incubated in 24 well plates for
24 h until a monolayer was formed. For the extracts preparation of powder compounds, the
samples were dissolved in a small amount of DMSO followed by solubilisation in the culture
medium, obtaining solutions of samples of 1.75 mg / mL concentration, which were sterilised
by filtration, before using in the experiment. After 24h of cells incubation in the 24 well
plates, the medium from wells was replaced with 500 plL sample extract of powder
compounds at 1.75 mg / mL concentration. In parallel with sample treatment, cells treated
with hydrogen peroxide H,O, (0.03%) were used as positive control, while cells untreated
were used as culture control. All the samples and controls were tested in triplicate. The plates
were incubated at 37 °C, and the quantitative evaluation of cytotoxicity was done after the
desired time of samples exposure (24, 48 and 72 h) using tetrazolium salt (MTT) and the
morphology of cells was assessed after 72h using an inverted microscope (Tihan et al. 2018).

2.5.2. MTT cell proliferation assay

For the MTT assay, the culture medium was replaced with fresh medium containing 3-(4,5-
dimethyl-thiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) solution, in a 10:1 (v/v) ratio
and the plates were incubated at 37 °C, for 3 h. Then, 500 uL of isopropanol was added to
each well to dissolve the formazan crystals by gently shaking on a platform, for 3 h. The
optical density (OD) of the coloured solution was read at 570 nm using a Mithras LB940
microplates reader (Berthold, Germany). Cell viability was evaluated using the following
formula:
Cell viability (%) = ODsample / ODcontrot X 100 (1)

where: ODsampie = Optical density of the sample and ODconwrol = Optical density of the

untreated cell culture (Avwioro, 2011).



2.5.3. Hematoxylin-Eosin staining

The assayed cell cultures from well plates, after 72h of the experiment, were first washed with
PBS, fixed with picric acid - formaldehyde (40%) (Sigma) solution, and stained
with Hematoxylin and Eosin (Sigma) dyes (Vosatka et al., 2018). The cell morphology was
observed and pictures were taken using an inverse-phase microscope (Nikon) and a photo

camera AxioCam MRc.

2.6. In vitro antimicrobial assay
2.6.1. Absolute concentrations method

This test was performed for isoniazid and the three non-encapsulated derivatives, using as
microbial strain, Mycobacterium tuberculosis ATCC 25177. Thus, dilutions of 1, 2 and 4 pg/
ml were used: for INH, the tested dilutions were 1 and 2 pg/ ml, as ideal concentration
reported in literature (Agalloco and Carleton, 2007) and for INH-a, INH-b and INH-c, all
three dilutions were tested.

0.5 ml of each dilution of the substances to be tested, were assigned in one tube. Then
the tubes were placed in a horizontal position so that the solutions flooded the slope of the
environment. They were kept in this position in the refrigerator for 48 hours, so the solutions
were absorbed by the culture environment. Next, 0.2 ml of a standardized inoculum of the
reference strain was dispensed into each tube. The tubes were incubated at 37° C, in a
horizontal position for another 48 hours and then up to 28 days, in a vertical position. The
reading was done by comparison between the control tube for which bacterial growth was
assessed with 3+ (confluent culture) and the tubes with dilutions in DMSO.

2.6.2. Determination of the Minimum Inhibitory Concentration (MIC)

In order to check if the chemical changes made on the structure of the isoniazid have
influenced the antimycobacterial activities of the new synthesized compounds, minimum
inhibitory concentrations (MICs) against Mycobacterium tuberculosis, have been determined.
For this, Microplate Almar Blue Assay (MABA) has been used (Franzblau et al., 1998) and
adapted according to the technique described by the literature (Jnamb et al., 2014). Successive
dilutions ranging from 25 to 0.012 ug/ mL of Isoniazid and the three tested derivatives (INH-
a, INH-b and INH-c) were prepared directly in 96 well on the plate, in a volume of 50 uL of
the Middlebrook 7H9 broth. Further, an inoculum of Mycobacterium tuberculosis (50 pL)
was added in the wells, for each sample. Plates have been protected with parafilm and then
incubated at 37° C for 8 days. After this period, 10 uL of fresh mixture (1:1 - Almar Blue 0.1



mg/ml reagent and 10% Tween 80) was added to the plate and again incubated for other 24 h
at 37° C.

At the end of the experiment, the results were interpreted based on the coloration that
appeared: blue color is specific for no bacterial growth, while the pink one indicates bacterial
growth. Thus, the Minimum Inhibitory Concentration (MIC) was defined as the lowest drug
concentration which prevents the appearance of pink coloration. Each assay was carried out in
triplicate.

2.7.Toxicological screening

2.7.1. Determination of acute and chronic toxicity

Toxicology screening was carried out on white mice, male, Swiss breed weighing 25-30 g.
The conduct of the study, including animal accommodation, handling, administration of test
compounds and their slaughter, was carried out in accordance with current guidelines on the
ethics of laboratory animal testing (Law No 206/27 May 2004, EU / 2010/63 - CE86 / 609 /
EEC) and with the opinion of the UMF Research Ethics Commission "Grigore T. Popa" lasi,
issued on 17.04.2018.
Acute toxicity was assessed by the lethal dose assay 50, which consists in administering the
compounds at geometric progression concentrations, to calculate the dose that kills 50% of
the mice. The test compounds were administered in various concentrations (175-2000 mg/kg
body weight) orally as suspensions in 1% CMC-Na solution and the survival rate was
followed over a 24-hour period, 48 hours, 72 hours, 7 days and 14 days after administration.
For determining LD50, Karber's arithmetic method (Cheaburu Yilmaz et al. 2017) was used
based on the following calculation formula:
LD50 =LD100- X (axb)/n (2)
where,

a = the difference between two successive doses of the administered substance;

b = average number of dead animals in two successive batches;

n = number of animals in a lot;

LD100 = lethal dose 100 (representing the amount of substance that causes the

death of all animals in the trial lot).

On the basis of the results obtained in the acute toxicity test, the chronic toxicity of the

obtained compounds (INH, INH-a, INH-b and INH-c) was monitored by administering them
at doses of 1/10 from LD 50, by oral gavage. Thus, the substances were dispersed in 1%
CMC-Na solution and administered in a single dose, for 30 days. The animals were divided
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into 6 groups (7 animals per group): groups 1 to 4 received suspensions with INH and its
derivatives (INH-a, INH-b and INH-c); group 5 received the vehicle (1% CMC-Na solution)
and group 6 has been preserved as an untreated control. At the end of the experiment, the
mice were anesthetized by 100 mg/kg body weight, i.p. ketamine administration. After
restraining by limb fixation, the chest was opened together with the abdominal area, for organ

harvesting. The organs were fixed in 10% buffered formol, to be histopathologically analyzed.



2.7.2. Histopathological study

In order to evaluate the effect of INH derivatization, with various aromatic benzaldehydes on
tissue toxicity, a histopathological study was performed firstly on fragments of the brain,
cord, Kidney, lung and liver, to identify morphological changes produced by the
administration of lethal doses of the compounds, followed by a histopathological study on
liver tissue fragments, to identify morphological changes produced by the chronic
administration of the compounds.

The first step was to include tissue fragments taken in paraffin. The obtained paraffin blocks
were cut into the microtome at 2-3 microns thick, the sections obtained being blown on the
blades, after which they were specifically stained with H & E (Chiriac et al. 2017). The
microscopic examination was performed using a Nikon Eclipse 50i microscope to see if there

were any tissue alterations that highlighted the impact of acute and chronic administration.

2.8.Statistical Analysis
All assays were carried out in triplicate. Data were analysed by an analysis of variance
(ANOVA) (p < 0.05) and were expressed as means + SD (standard deviation) and

significance was analysed using T-student test in Microsoft Excel forwWindows.

10



3. RESULTS AND DISCUSSIONS

3.1.Physico-chemical and spectral characterization of new INH derivatives
Following optimization of the synthesis method, the condensation compounds of INH, like
crystalline powders with coloring ranging from white to yellow (Figure 2), were obtained in
very good yields, ranging from 83.52 to 95.73%. More than this, the melting points of these

compounds ranged in maximum of 3 degrees, indicating their high degree of purity (Table 1).

Figure 2. The steps of producing isoniazid derivatives (e.g., obtaining INH-b, the
condensation product of isoniazid with 2-Nitrobenzaldehyde (b))

Table 1. Physico-chemical characterization of INH and its hydrazones

Compound Aspect Molecular Molecular | Melting | n (%)
formula weight | point (°C)
INH white crystalline CeH7N30O 137,14 169-172 -

powder

INH-a white crystalline C12H11N20 225,25 188-191 | 95,73
powder

INH-b yellow crystalline C12H10N4O2 270,25 194 86,43
powder

INH-c crystalline white- C12H10N,OBr 304,15 205-207 | 83,52

yellowish powder

Regarding the structural confirmation by spectral characterization, by analyzing the ATR-
FTIR spectra of the hydrazones with isonicotinic structure (INH-a, INH-b, INH-c), obtained
by treatment of isoniazid with various benzaldehydes, the absorption bands of all functional
groups were identified, which confirms that condensation reactions have taken place.

Thus, in the ATR-FTIR spectrum of the three isonicotinic structure hydrazones (Figure 3),
the azometin functional group (-N = CH-) was identified by the appearance of the high
intensity absorption band, in the range 1551-1558 cm™. The occurrence of this band is an
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argument for the condensation reaction between izoniazid and the aromatic aldehydes selected
for this study (Benzaldehyde, 2-Nitrobenzaldehyde and 4-Bromobenzaldehyde). In addition to
the azometin functional group, all other elements characteristic of the pyridine nucleus and
the aromatic nucleus have been identified. The aromatic ring present in the aromatic aldehyde
structure is found in the spectrum by the medium intensity bands, in the region of 1057-1065
cm™, due to the stretching vibrations of the CH bond and by the medium intensity bands in
the range of 1589-1605 cm™, attributed to the stretching vibrations of the -C = C- bond. At the
same time, the aromatic component used in the condensation reaction was also identified by
the substituent in the 2 positions (in the case of INH-b derivative) and in the 4 positions (in
the case of INH-c derivative). In the case of using 2-nitrobenzaldehyde, the presence of the
nitro group (INH-b compound) is confirmed by the antisymmetric valence vibrations at 1350
cm™ and, when 4-Bromobenzaldehyde is used in the condensation reaction, the presence of
halogen bromine (compound INH-c) is confirmed at 559 cm™.

On the other hand, the pyridine nucleus of the isoniazid residue was identified by medium
intensity absorption bands characteristic of the CH bond, in the region of 3009-3078 cm™ and
the amide ~HNCO- group, in the range 1659-1674 cm™.

-
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S~ -
=
© __W
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g _W
Z —— INH
s INH-a
= — INH-b
] —— INH-c
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4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm )
Figure 3. The IR spectra of INH and its derivatives (INH-a, INH-b, INH-c).
The NMR spectra of the hydrazones with isonicotinic structure, are found in Figure 4. The
condensation of INH with aromatic benzaldehydes was confirmed by *H NMR spectroscopy.
In the spectra of INH derivatives, the characteristic signals for both units: isoniazid and the

aromatic ring of benzaldehyde have appeared, which demonstrates that condensation has
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occurred. The spectra of the new derivatives (INH-a, INH-b and INH-c) showed slightly
shifted signals attributed to the pyridine protons of INH (as compared with INH itself in Fig.
4), in the range 8.5-8,9 ppm. The aromatic protons present in the derivatives structure are
found in the spectrum, in the range 7.33-8.33 ppm., which are attributed to totally absent
signals from the isoniazid spectrum. In addition, the condensation proof is in the occurrence

of CH=N group-specific proton, appeared as a singlet around ¢ 8.33- 8.67 ppm.
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Figure 4. The NMR spectra of INH and its derivatives (INH-a, INH-b, INH-c).

3.2.X-ray diffraction study
Isoniazid and its derivatives were characterized further by XRD study. The X-ray diffraction
patterns of new compounds are presented in Figure 5. The peak position (angle of diffraction)
is an indication of the amorphous nature of the sample. The diffractogram of pure isoniazid
shows some intense peaks, which indicates a higher crystallinity. In the case of its new
derivatives, especially for INH-c (obtained by condensation with 4-Bromo-benzaldehyde), a
reduced number of signals, of markedly low intensity, can be observed, indicating the greater

amorphous nature (more water soluble), compared with parent isoniazid.
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Figure 5. X-ray diffraction study on INH and its derivatives(INH-a, INH-b and INH-c).
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3.3.Thermogravimetric Analysis (TGA)
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Figure 6. TGA spectra of INH and its derivatives (INH-a, INH-b, INH-c): (a) residual weight
loss and (b) derivative weight loss at 10 °C min™ with a temperature range of 30-800 °C
under 60 mL min* flow rate of air.

The thermal stability of the INH and its derivatives were analysed by TGA. The TGA and
derivative TGA spectra are depicted in Figure 6a&b. The traces of TGA show a continuous
weight loss up to 800 °C. The first step loss of INH start at 185 °C and a small shoulder
observed at 320 °C. The derivative curve of INH show maximum loss occurs at 270 °C and
320°C. The INH derivatives residual weight loss shows different degradation profiles from
200 to 800°C. The residual weight loss spectra demonstrate that the INH-b degradation start
at 250 °C with sharp degradation up to 320 °C followed by shoulder at ~320-550 °C. INH-a

start degradation around 260 °C and its residual weight become zero at 350 °C. However,
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INH-c showed higher thermal stability compared to INH, INH-a and INH-b. Its degradation
starts at 280 °C with sharp degradation up to 350 °C followed by a shoulder at ~350-550 °C.
The derivative weight loss showed in Figure 6b, derivative loss peak of INH-a at 278 °C,
INH-b at 335 °C and INH-c at 322 °C. In the case of INH-b and INH-c derivative spectra
showed a plateau at ~ 500-600 °C. The derivative synthesized with 4-Bromo-benzaldehyde
showed higher thermal stability.

3.4.In vitro biocompatibility evaluation of the samples using MTT cell viability assay

Table 2. The cell viability values (%) for tested samples of powder compounds at 24 h, 48 h
and 72 h

Cell viability (%)
Samples 24h | 48h 72 h
Control 100 100 100
H,0, 0.03% positive control | 29.21 | 13.64 4.86
INH reference compound 84.02 | 55.15 46.04

INH-a 79.17 | 55.30 50.58
INH-b 87.73 | 61.16 53.14
INH-c 88.97 | 77.62 72.47

(where:80-100% is for non cytotoxic compunds; 50-80% is for slightly cytotoxic compounds; 30-50% for the
moderately cytotoxic and < 30% for severe cytotoxic compounds) (ISO 10993-5, Geneva 2003)

In vitro biocompatibility evaluation by MTT assay in fibroblast cell line (NCTC clone L929)
after 24h of contact with the samples, indicated that powder compounds at 1.75 mg / mL
concentration, present good biocompatibility with NCTC cells. In this context, for samples
INH-b and INH-c, 87.73% respectively 88.97% viability were recorded, higher than the INH
reference compound (84.02%). After 48h and 72h of testing, the powder compounds
especially INH-a and INH-b induced increasing cytotoxicity, with cell viability values
between 55.30 % and 61.16 % (at 48 h), and 50.58 % and 53.14 % (at 72 h) , similar values as
the INH reference compound (55.15 % at 48 h and 46.04 % at 72 h), all of them being within
the limit of slightly to moderately cytotoxic compounds. The most noncytotoxic sample
through all three intervals was INH-c with variable cell viability from 88.97% (at 24 h) to
72.47% (at 72 h), this one fitting so among non cytotoxic to slightly cytotoxic compounds
(Table 2).
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Figure 7. Cell morphology stained with Hematoxylin-Eosin after 72h of incubation with
powders of INH derivatives and INH as reference compound.

Light microscopy images (Figure 7) of the cells morphology stained with Hematoxyline-Eosin
after 72h of treatment with powders of INH derivatives, showed a normal morphology specific
to untreated NCTC cells, with round and polygonal shape.

In addition, INH-c sample showed the most similar conformation and cell proliferation rate,
which is comparable to the control culture. Cell morphology aspects of INH-c
sampletreatment confirm the viability results obtained by MTT assay, suggesting good

biocompatibility of this sample with NCTC fibroblasts.
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3.5. In vitro antimicrobial assay

3.5.1. Absolute concentrations method

The results obtained for in vitro antimicrobial assay are presented in figure no. 8.

Thus, from tube no. 1 to test tube no. 11 (1,2- INH; 3,4,5- INH-a; 6,7,8- INH-b; 9,10,11-
INH-c) there has been no increase, which has led us to declare that the strain is sensitive to all
tested dilutions (1, 2 and 4 pg/ ml). On the other hand, the DMSO solvent (tube no 23)
allowed the growth of the tested bacterial strain, after 28 days of incubation.

3.5.2. Determination of the Minimum Inhibitory Concentration (MIC)

Table 3. In vitro activity of INH and its derivatives against M. tuberculosis

Compound MW MIC (pg/ mL) | MIC (uM)
(Molecular Weight)

INH 137,14 0.12 0.87
INH-a 225,25 0.84 3.72
INH-b 270,25 4.166 1541
INH-c 304,15 1.785 5.868

Even if the activity of isoniazid derivatives was found to be slightly lower than the parent
isoniazid, their Minimum Inhibitory Concentrations fall within the required limits imposed by
the Global Program for the Discovery of New Antituberculosis Drugs, namely 6.25 pg/mL as
the upper limit for the evaluation of anti-tubercular activity of new therapeutic compounds
(Matei et al. 2013).

In addition, their action is similar or even superior to that of other izoniazide derivatives
mentioned in the literature: new thiocinnamamide-like thioamides as isoniazid derivatives

with MIC values between 0.391 and 6.25 pg/mL (Matei et al. 2013); new isoziazid-azole
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hybrides with MIC values ranging from 0.195 to 1.56 uM or new izoniazid-pyrrole hybride
which was found active with MIC value of 3.2 ug/mL (Hu et al., 2017). Also, in their work,
Castelo-Branco et al., 2018, have shown increased activity against Mycobacterium
tuberculosis for new hydrazides derivatives of isoniazid with MICs of 3.59 and 6.91 uM,
respectively.

In this study case, it is important to underline that the most active compound is INH-a (0.84
pg/mL), that is obtained by condensation with benzaldehyde, for which the aromatic ring is
unsubstituted, while substitution of the aromatic ring with electron withdrawing groups (-NO,
for INH-b and —Br for INH-c) has a negative influence on the activity, causing higher MIC
values of 4.166 pg/mL and 1.785 pg/mL, respectively (table 3), but which fall within the
above mentioned limit of 6.25 pg/mL.

In conclusion, all the compounds are active on the reference strain, Mycobacterium
tuberculosis ATCC 25177, at various minimum inhibitory concentrations, which means that
the condensation reaction with the three benzaldehydes, does not adversely affect the

therapeutic effect of isoniazid.

3.6.Toxicological screening
3.6.1. Acute toxicity. LD 50 determination
Establishing LD 50 is an important step in assessing the toxicological profile of an active

substance. The LD 50 values of the three derivatives as well as the isoniazid are shown in

figure 9.

INH-b
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Lethal Dose 50 mg/kg

Samples
Figure 9. LD 50 values for INH and its derivatives INH-a, INH-b and INH-c

18



By analyzing the data presented in figure 9 it can be seen that the toxicity of INH-a, INH-b
and INH-c derivatives is lower with LD50 values ranging from 352.34-1778.8 mg/kg body
weight relative to isoniazid, the starting compound (INH) whose LD50 is 175.2 mg/kg body
weight. Thus, compared to isoniazid, used as a structural model, the synthesized compounds,
derivatives with hydrazone structure (INH-a, INH-b and INH-c), are up to about 10 times less
toxic.

3.6.2. Histopathological study in the acute toxicity test

In the acute toxicity evaluation, fragments of the brain, cord, kidney, lung and liver were
examined (Figure 10). Comparing the images of the control group with the group which was
treated with the lethal dose of isoniazid, it was found that, at the cerebral, cardiac and hepatic
levels, isoniazid did not cause any changes; instead, certain changes occur in the lung and

kidney cases.

Control INH-DL 50

Figure 10. Histopathological study: brain (A), cord (B), liver (C), pulmonary (D), renal (E).
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In the pulmonary area, the following pathological changes were microscopically revealed:
alveolar spaces and alveolar walls destruction, vascular congestion, as well as inflammation
areas. Renal, tubular necrosis accompanied by inflammatory areas that extend deep into renal
parenchyma, mostly following the renal tubular track, have been reported. All this leads us to
assert that animal death has occurred through respiratory and renal insufficiency.

3.6.3. Histopathological study in the chronic toxicity test

In order to evaluate the impact of the administered compounds on the tissues, liver fragments
taken from all the groups under study (described in Material and Methods) were examined
(Figure 11).

Control group (no 6)
e t '8 i

- Gloup 1 INH susp 7 Gloup 2- INH -a. susp

Group 3- INH -b susp
R T e SR )

Figure 11. Histopathological study: fragments of liver tissues taken from animals that
received INH and its derivatives in suspensions

The control group (no 6) revealed a normal hepatic morphology with hepatocyte cords
radiating from the centrilobular vein and a normal parenchymal hepatic configuration.

Group 1, that received INH suspension, showed consistent liver damage: hepatic
parenchyma has extensive areas of inflammation and cellular necrosis (Figurella), but also
well-defined areas of microvesicular steatosis (Figurellb), which attests the toxicity of
isoniazid on liver tissue, well-known in the literature and presented in the introduction of this
paper.

Group 2, that received INH-a suspension, also showed a sign of hepatic tissue
suffering, manifested by frequent vascular congestion, diffuse inflammation, and the onset of

cellular necrosis.
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Group 3, that received INH-b suspension, revealed the presence of peri- and
intrasinusoidal inflammation, capillary congestion and necrosis.

Group 4, that received INH-c suspension, showed the lowest signs of alteration of
hepatic parenchyma compared to the other similar groups: only mild vascular congestion.

Group 5, that received 1% CMC-Na solution did not show changes in hepatic

cytoarchitecton.

Comparing these groups between them, we can clearly see that the substance that produced
the most significant tissue alterations, is INH, which shows in addition to the other
derivatives, accentuated necrosis accompanied by microvesicular steatosis. At the opposite,
INH-c is distinguished by normal-looking liver tissue with mild vascular congestion. In
addition, a very important thing, is that these results of the in vivo test is consistent with the in
vitro biocompatibility test, where INH-c also turned out to be the most noncytotoxic sample,
with variable cell viability from 72.47% (at 72 h) to 88.97% (at 24 h).

4. CONCLUSIONS
By structural modulation of isoniazid, three isonicotinoylhydrazones have been obtained
through condensation with various aromatic aldehydes in absolute ethyl alcohol, in order to
reduce acute and chronic tissue toxicity. The structure of the synthesized compounds was
confirmed by ATR-FTIR and RMN spectral analysis. ATR-FTIR spectra, recorded in the
500-4000 cm™ range, revealed characteristic group vibrations for all structural elements
specific to each compound: the pyridine nucleus, the aromatic nucleus and the condensation
sign of the two components (the azometonic group). In the *H-NMR spectra of INH
derivatives all the characteristic signals for isoniazid and the aromatic ring of benzaldehydes,
have appeared, together with CH=N group-specific proton, which demonstrates that
condensation has occurred.
In vitro biocompatibility evaluation, using MTT cell viability assay, revealed the most
noncytotoxic sample, INH-c, while cell morphology aspects of this sample treatment, suggest
a good biocompatibility of it. In addition, the condensation of isoniazid with the three
aromatic benzaldehydes, resulted in the significant reduction of acute toxicity, by lethal doses
up to ten times higher. Furthermore, the disappearance of microvesicular steatosis areas was

noted, in the chronic toxicity test.
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Even if antimicrobial activity decreased with the introduction of electron withdrawing groups,
at positions 2 and 4 of benzaldehyde structure used, by recording higher MIC values of new
derivatives, this happens concurrently with significant reduction in toxicity of these
compounds. From this point of view, the most active compound was INH-a, obtained by
condensation of isoniazide with benzaldehyde.

All these results lead us to conclude that the objective of the study has been successfully
completed, respectively, new isoniazid derivatives with improved pharmacotoxicological
profile were obtained. In the future, we aim to reduce the appearance of micro-vesicular
steatosis, produced in case of chronic administration with isoniazid, by using encapsulation
process with chitosan, which is well known for its hypolipidemic properties (Dragostin I., et
al., 2017). In conclusion, the obtained isonicotinoylhydrazones, from the study, are original
and with the potential biological application as antimicrobial agents, in the treatment of

tuberculosis.
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