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Abstract: Drugs' action in the human body is called pharmacodynamics. A drug is any chemical
substance that causes a change in an organism's psychology. Today's world is suffering from a common
disease called tuberculosis (TB). TB is a common bacterial infection caused by mycobacterium
tuberculosis. So, to fight against such type of infection, the study of ion-solvent interaction plays a
significant role. To understand molecular interactions, solution properties of anti-TB drugs with
different solvents at different temperatures, various physicochemical properties such as volumetric
properties, thermo-acoustical properties, viscometric and conductometric properties etc., can be studied.
In the present review, the emphasis has been given to the volumetric and ultrasonic properties to study
anti-TB drugs' inter-molecular interactions in different solvents.

Keywords: physicochemical properties;anti-tuberculosis drugs; ultrasonic velocity; isoniazid.

© 2021 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

In 1966, WHO defined drugs as any chemical substance related to pharmacology
science, which is used to explore the recipient's physiological system [1-5]. Drugs' impact and
action in the human body is commonly called pharmacodynamics [6-9]. Drugs may be soft and
hard based on their uses. Soft drugs such as marijuana, sleeping pills, and valium are also called
narcotics drugs, are less addictive and less harmful to the body. On the other hand, hard drugs
like heroin, codeine, morphine are those which get addicted once used and are harmful to the
body. Otherwise, these are also called non-narcotics drugs. Drugs can be utilized in two
different ways, either legal or illegal way. A legal drug is that which is used for the illness and
disease under prescription by the doctors. In contrast, illegal or illicit drugs are not prescribed
by doctors and are used illegally. Drugs have a low molecular mass of about 100-500amu, and
when they interact with bimolecular, they initiate physiological or biological responses.

1.1. About anti-tuberculosis (TB).

Mycobacterium tuberculosis bacteria are mainly responsible for TB, which affects
mainly the lungs. TB can be spread from person to person through the air by respiratory
droplets, cough, sneezing, by saliva like sharing drinks or kissing. Active infection occurs more
often in people who have HIV/AIDS or smoke.
https://biointerfaceresearch.com/ 883
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1.2. Types of anti-tuberculosis drugs.

There are two types of anti-tuberculosis drugs such as first-line drugs and second-line
drugs. First-line anti-tuberculosis drugs are isoniazid (INH), pyrazinamide (PZA), ethambutol
(IEMB), streptomycin (SM), rifampicin (RIF), etc. Similarly, the other type of Anti
Tuberculosis drugs are second-line drugs, and examples are levofloxacin(LEV),
moxifloxacin(MOX), ofloxacin (OFX), and ciprofloxacin (CIP), etc. Some first-line anti-
tuberculosis drugs, their functions, and structures are given in Table 1.

Table 1. Some first-line anti-TB drugs with their functions

Drug Structure Drug Functions
Isoniazid This is the most important drug used with other medications to treat active tuberculosis
o H\ (TB) infections. Isoniazid was synthesized in the year 1912. Isoniazid plays an important
N, role in the therapeutic uses against TB [10]. Some of these drugs' side effects are feeling
‘ o tired, undesired to eat food, nausea, vomiting, and the liver, etc.
N/
Rifampicin (RIF) This is an antibiotic medication used to prevent and treat tuberculosis and other
o/\/'v infections. It does not work for viral infections like the common cold, flu, etc.
9 L %O Rifampicin should be taken on an empty stomach. This is because our body absorbs
/Lo—/ o on \/ less rifampicin if taken simultaneously as food, which means it is less effective. The side
O> \\\\\\\\\ e effect of .this antibiotic includes the formation of a pinkish/orange colored urine, saliva,
/ \\ . N and sweat[11]
Ethambutol (EMB) Ethambutol or myambutolis used with other medicines like rifampicin, pyrazinamide
OH and isoniazid to cure TB. It is only used for the treatment of bacterial infections and can't
V':N N be used for general flu. The common side effects of ethambutol are headache, nausea,
H j/\ joint pain, vomiting, and dizziness, and it may also cause liver damage[11]
HO
Pyrazinamide (PZA) Pyrazinamide is a type of medication that kills or stops the growth of certain bacteria
Q that causes TB. It is highly specific in nature and can be used only against
N NH, mycobacterium tuberculosis. It is generally used for the treatment of latent tuberculosis.
[ _ Overdoses can lead to nausea and a loss of appetite, rashes, fever aches, and joint pain.
N It is usually taken for the first two to three months of treatment[12]
Streptomycin (SM) Streptomycin is a type of drug used to treat bacterial infections like tuberculosis,
Ho fooe endocarditis, brucellosis, etc. This is used with other medications for the treatment of
o oH%O v OH TB. This drug belongs to the class known as aminoglycoside antibiotics[13].
o LT
N\ NH,

2. Intermolecular Interactions of Anti TB Drugs with Different Solvents

When drugs are taken with or without foods, they can interact with the body's liquids.
During formulations, many types of solvents are also be used. Knowing the effectiveness of
the solvent or the drug delivery in the body, the intermolecular interactions of drugs give the
solvents usefulness. The better the interaction, the better the drug action. Therefore, here we
have analyzed some anti-TB drugs' interactions with different solvents from density, viscosity,
conductance, and ultrasonic viscosity data [14-18]. The detailed intermolecular interactions are
described in Scheme 1.
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Scheme 1. Schematic representation of intermolecular interactions of different anti-tuberculosis drugs.

Water exists in a dynamic equilibrium between the three-dimensional hydrogen-bonded
cluster and denser monomer. As shown below:

(H20)c= (H20)d

where c is the cluster medium and d is the denser medium. When drugs are mixed with water,
they can break or make the structure. The ions are surrounded by some water molecules and
make a spherical structure around them (Scheme 2).

Possible alignment

of water molecule

to suit bulk water
and ions

Primary
solvation layer

Scheme 2. Schematic diagram to indicate that in the (hatched) region between the primary solvated ion and bulk
water, the in-between water molecules must compromise between an orientation that suits the ion (oxygen
facing ion) and orientation that suits the bulk water (hydrogen facing ion).

Drugs with high charge density are called structure breakers, and those with low charge
density are called structure makers. Typically, drugs with better intermolecular interaction are

better for use with more efficiency. The physicochemical properties of drugs consist of physical
https://biointerfaceresearch.com/ 885
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and chemical interactions. Physical interactions of drugs are responsible for their action, and
drugs react extracellular according to a simple chemical reaction. The various physicochemical
properties of drugs are solubility, partition coefficient, dissociation constant, hydrogen
bonding, ionization of drugs, redox potential, complexation, etc. All these properties play an
important role in the pharmacology effect of drugs. The solute-solvent interactions cannot be
studied directly as salts, carbohydrates, and other co-solutes influence them. So solute-solvent
interactions are significant to study drug actions and their mechanism within the body [19-24].
The volumetric and ultrasonic studies are very accurate methods to evaluate the solute-solvent
interactions of solutions. In the present study, the intermolecular interactions of some anti TB
drugs with different solvents have been discussed using volumetric and ultrasonic methods.

2.1. Apparent molar volume.

Apparent molar volume is defined as the difference between the volumes of the solution
to the pure solvent volume per mole of solute [25-26]. A reliable and convenient method for
understanding ion-ion, ion-solvent, and solvent-solvent interactions is the volumetric
characterization of solutions. According to the solvation theory, ions are believed to be
surrounded by solvent molecules forming solvation spheres around them. The water molecules
are held to the ions by hydrogen bonds and ion-dipole attractions. The solvent molecules in the
ions' vicinity are influenced by the electrostatic force exerted by the ions. Thus, there is a
difference in volume between electro-stricted solvent molecules in the solvation shells and
those in bulk solution. Values of apparent molar volume Vj, are calculated by using the density

data as follows [27].

_ My, (p°-p)
= D2, \WV7P 1
Vs p mypp° (1)

where, m, / mol kg~tis the molality, M,/ kg mol~tis the molar mass of the drug, p/ kg m-=and
p°/kg m=3 are the density of the solution and pure solvent, respectively. The limiting apparent
molar volume or partial molar volume qu,’ can be calculated by the Masson equation [28].

Vo= Vg + Sg¥\my, (2)

The qu,’ values can be obtained from the plot of V,vs.o/m,. The coefficients Sy of
equation indicates the solute-solute interaction and the positive values of ng shows the
existence of ion - solvent. The limiting apparent molar expansibility, Eg/ m® moltK1is a very
important parameter to study interionic interactions established in different solutions, which
can be calculated by, E(‘;: (avd?/ aT)p: a,+2a,T. Further, the structure promoting and structure
breaking capacity of a solute in the mixed solutions is determined with the help of the Hepler
equation [29] by knowing the sign of (32Vg/ aTz)por (0Eg! OT). The structure making nature
of solute in solutions is due to the small negative or positive value of (aEg/ dT)p and structure
breaking is due to the large negative value of (aEg/ aT)p.

2.2. Apparent molar isentropic compressibility.

The apparent molar isentropic compressibility, Kd,,_g/m5 (mol N)™can be computed as
follows;

https://biointerfaceresearch.com/ 886
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_ M2K5+ (KSpO_Kgp) (3)
P ma p Po

where molecular mass is denoted as M,/kg mol, molality is m,/ mol.kg™ of drugs in solution,
the densities of the solution and pure solvent are denoted as p/kgm™3 and p%kgm™3
respectively. The isentropic compressibility of pure solvent and the solutions are given by the
formula k2/m2N?1 andkg/m2.N? respectively. Again to determine the isentropic
compressibility, the experimentally determined values of ultrasonic speed, u and density, pcan

be used (by using Laplace's equation, k= ﬁ). The limiting apparent molar isentropic

compressibility, K(g,s, can be determined by the Masson-type equation:K ¢= K¢9‘5+ Sg¥vm.
From the values of K cand S¢* one can determine ion-solvent interactions in the given
solutions [30]. Further, the negative value of Ky s, shows that the water particles in the bulk
region are less compact than the water particles present near the ions. This is owing to the
strong ion-solvent attractions and the predominance of hydrophilic-ionic group interactions in
solutions. The positive value of Ky ¢ indicates the presence of weak interactions between the
solute and solvents.

3. Results and Discussions

Ankita et al. studied the intermolecular interactions of isoniazid with water and mixed
solvents such as aqueous D-xylose /D-arabinose, glucose, and sucrose at different temperatures
using volumetric, acoustical, and viscometric properties [30, 31]. Density increases with an
increase in concentration and decreases with an increase in the solutions' temperature. Apparent
molar volume, V values were positive, indicating strong solute-solvent interactions between
isoniazid and aqueous D-xylose, D-arabinose, glucose, and fructose solutions. The increasing
values of ultrasonic velocity with increased temperature in all the solutions are due tothe
association between solute and solvent. The positive values of transfer volume and transfer
compressibility reflect the strong solute-solvent interaction and ion-hydrophilic interaction
between INH+D-xylose/D-arabinose/ glucose/fructose. The positive value of the Heplers
constant (aEg//aT) indicates that isoniazid acts as a structure maker in the said solutions. Latha

Malladi et al. have studied thermodynamics properties of isoniazid in aqueous solutions of
NaCIl/KCI) [32]. Their experiment found that the values of density decrease with an increase
in the temperature at a particular concentration. Speed of sound increases with the increase of
temperature with an increase in the concentration of NaCl or KCI. Apparent molar volume
increase with the increase of molality of isoniazid (INH) at a particular concentration. From
these data, they found solute-solvent interactions of (INH+water+KCI) system are stronger
than (INH+water+NaCl) system. Further, the isentropic compressibility (x;) decreases as
increases of molality for every concentration and different temperature. Positive transfer
properties value also indicates the presence of hydrophilic-ionic interaction. The negative value
of limiting compressibility, K(glsstudy reveals the strong, attractive interaction between

isoniazid and water.

Jyoti Gupta et al. [33] have checked the interaction of Isoniazid-amino acid (glycine, I-
alanine, I-valine, and I-isoleucine) from different parameters such as the Falkenhagen
coefficient (V(g), transfer properties (V), Jones-Dole coefficient, the free energy of activation

per mole of solvent, the free energy of activation per mole of the solute, and dB/dT. In all the
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four amino acids theV, values increase with the increase in the concentration of isoniazid.
Values of V(g for glycine/ I-alanine/l - valine/l-isoleucine in aqueous-isoniazid are larger than
those in pure water, i.e., transfer values are positive. The values ong,S are negative for

glycine/l-alanine/lvaline/l-isoleucine in water and aqueous-isoniazid solutions, indicating the
existence of strong solute-solvent interactions and weak solute-solute interactions in these
systems. The values of Kd‘ﬁlsincrease with the increase in temperature, indicating the release of

more water molecules from the loose secondary solvation layer of amino acid zwitterions into
the bulk, so solutions become more compressible.

Jyoti Gupta et al. [34] have also studied streptomycin sulfate interaction in aqueous L-
asparagine and L-glutamine. The data shows that the values of density and viscosity decrease
with an increase in temperature, whereas values of ultrasonic velocity increase with an increase
in both temperature and concentration. The positive value of partial molar volume, V(gshows

the presence of strong solute-solvent interactions, which increase with the increase of
concentration. Moreover, the partial molar volume for streptomycin sulfate in L-asparagine /L-
glutamine and water is very large as compared to streptomycin sulfate in water. This proves
the presence of hydrophilic-ionic group interactions and the said drug's structure-making
property in aqueous L-asparagine /L-glutamine solvents.

lon-solvent interaction of streptomycin sulfate with L-ascorbic acid and citric acid has
been studied by Sharma et al. [35]. The study shows that both the values of density and
ultrasonic velocity increase with increases in concentration and decrease with temperature
increases. The positive limiting apparent molar expansibility (E(?,) values indicate ion-
hydrophilic and hydrophilic-hydrophilic interactions between solute-solvent. The Hepler's
constant (aE(?,/ dT) is found to be positive, indicating the presence of structure-making nature
of the solute.

Shiraz A. Markarian et al.[36] have observed UV-VIS, FTIR, and densitometry data of
isoniazid (INH) in diethylsulfoxide (DESO) at different temperatures. As expected, with an
increase in temperature, the density of solutions decreases. The apparent molar volume V
increases with the increase of concentration and almost constant after very high concentration
[37]. They also found limiting apparent molar volume decrease with the increase of
temperature. This negative value of Vj,’indicates the presence of strong solute-solute

interactions as compared to solute-solvent interaction. They also evaluated Sv's positive value,
which proves the strong solute-solute interaction in the INH+DESO system.[38,39]. From UV-
VIS and FTIR study, the complex formation ability and hydrogen bonding presence between
INH and Sulphoxide molecule was confirmed [40].

C. Nadejde and et al. have studied solute-solvent interactions of the ternary solution of
rifampicin-water-alcohol in terms of their spectral data. They observed that water and ethanol
exhibited the most significant spectral shifts than the non-polar solvents with rifampicin. From
their observation, they found the interaction shows n—m* electronic transition [41]. While
passing through polar to non-polar medium, they observed bathochromic shift and confirmed
intermolecular hydrogen bonds and four metastable rifampicin conformers [42].

S. D. Deosarkar et al. [43] have evaluated drug-amino acid interaction by observing
their density, viscosity, and refractometric data at 298.15 K. From their experiment, they found
the presence of electrostatic and hydrophilic or ionic interactions between solute-solute, solute-
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solvent, and solvent-solvent molecules. Positive values of apparent molar volume and partial
molar volume of glycine indicated the presence of strong solute-solvent interactions.

The solution properties of isoniazid (INH) in aqueous and dimethylsulfoxide (DMSO)
were studied by S.A. Markarian et al. In their research, they observed that both density and
viscosity increase with the increase of concentration and decreases with the increase of
temperature. Apparent molar volume increases with the increase of concentration [44].
Negative V indicate strong solute-solute interaction as compared to solute-solvent interaction.
This negative value was obtained for the solution containing non-electrolyte [37]. They also
observed spectral properties of INH+water and INH+DMSO. From the FT-IR study, the
hydrogen bond between INH+DMSO molecule was confirmed, and from UV-VIS absorption
spectra ©t- the electronic transition was observed due to the interaction between NHz and the
sulphoxide group.

4. Conclusions

Nowadays, the interaction of drugs with various solvents is very important to know
how their physico-chemical properties play an important role in using drugs. Many researchers
studied the interactions of some anti-tuberculosis drugs like rifampicin, ethambutol,
pyrazinamide, isoniazid, etc., with different solvents and at different temperatures. From these
studies, it has been observed that isoniazid acts as a structure maker in aqueous solutions of D-
xylose, D-arabinose, glucose and sucrose, and streptomycin sulfate is also a structure maker in
aqueous solutions of L-ascorbic acid and citric acid

The ion-solvent interaction of isoniazid, streptomycin sulfate was also performed by
researchers by taking alcohol, glucose, arabinose/citric acid, asparagine/glutamine, and other
solvents. This study has highlighted the intermolecular interactions of few anti TB drugs with
some selected solvents. Still, more research should be done for the betterment of society.
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