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ABSTRACT: We propose to develop a novel drug conjugate from Hyaluronic acid (HA), a biomaterial ubiquitously 
present in our body, and Ethambutol and Isoniazid, two promising Mycobacterium (M) Tuberculosis (TB) drugs. 
Nevertheless, in general, the TB drugs are not only associated with some toxicity but also the patients can develop 
resistance to the drug. The conjugates of HA and MTB drugs are expected to act synergistically to eliminate those 
shortcomings. 
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INTRODUCTION 
 Evidence of Tuberculosis (TB) caused by 
Mycobacterium bacteria goes way back to long human 
history; the earliest written mentions of TB were 
started in India and in China, 3,300 and 2,300 years 
ago, respectively. Even today, it is one of the world’s 
seventh-leading diseases causing death and a third 
disease in infecting people worldwide with 
Mycobacterium tuberculosis, the bacterium that causes 
TB. According to the WHO [1], the 30 high TB burden 
countries accounted for 87% of all estimated incident 
cases worldwide, and eight of these countries 
accounted for two thirds of the global total: India 
(27%), China (9%), Indonesia (8%), the Philippines 
(6%), Pakistan (6%), Nigeria (4%), Bangladesh (4%) 
and South Africa (3%). 

 HIV infected people show further complications 
because of drug–drug interactions between anti-TB 
drugs and antiretroviral therapies, and by cumulative 
drug toxicities that amplify the risk of immune 
reconstitution inflammatory syndrome. 

The WHO global Tuberculosis (TB) report 2019, 
highlights the following main challenges for the 
treatment  of TB disease: (i)  the duration and 
complexity of the present drug regimens, both of which 
affect adherence, (ii) toxic side-effects, especially the 
drugs used for the treatment MDR and XDR TB 
patients, (iii) the absence or limited availability of 
pediatric drug formulations for second-line treatment, 

and (iv), most importantly, there is a pressing need for 
enhanced efficacy of regimens that are more effective, 
more affordable, nontoxic, and that shorten the 
duration of treatment. 

 There are nearly ten drugs currently approved by 
the U.S. Food and Drug Administration (FDA) for 
treating TB disease. Patients with latent tuberculosis 
may need to take only one or two types of TB drugs. 
However, patients suffering from active tuberculosis, 
particularly if it is a drug-resistant strain, will require 
several drugs at once. The most common medications 
used to treat tuberculosis include: Isoniazid [2-4], 
Rifampin [5,6] (Rifadin, Rimactane), Ethambutol 
(Myambutol) [7,8], and Pyrazinamide [9,10]. 

 Serious side effects of TB drugs aren't common but 
can be dangerous when they do occur; all tuberculosis 
medications can be highly toxic to liver. In this regard, 
based on our previous experience we set our objectives 
to contribute in the drug discovery for TB. The aim of 
our research is to develop and register novel 
hyaluronic acid -TB drug conjugates, especially for the 
treatment of MTR TB and XTR TB disease with a 
competitive profile, globally. 
 
 Our previous research work on specific conjugation 
of hyaluronic acid (HA) with pharmacologically active 
compounds such as camptothecin, methotrexate, 
methyl prednisolone, and propofol to a number of 
novel drugs for the treatment of cancer, arthritis, 
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osteoporosis, immune disorder and sedation; the 
purpose to covalently link the drugs with HA was to 
deliver the drug in a targeted manner, enhance its 
solubility, improve its localization, controlled release in 
the body, eliminate or reduce its toxicity, and enhance 
its overall efficacy [11-13]. 
 

In the organism, HA occurs in many diverse forms, 
circulating  freely,  decorated  with  a  variety  of  HA-
binding  proteins (hyaladherins),  tissue-associated,  
intercalated  into  the  ECM  by electrostatic  or  
covalent  interaction  to  other  matrix  molecules.  It 
comprises a major portion of the intimate glycocalyx, 
also known as the pericellular matrix, is a glycoprotein 
and glycolipid covering that surrounds all cells. In 
addition to this, it’s various biological properties such 
as biodegradability, biocompatibility, non-toxicity, 
hydrophilicity, and non-immunogenicity, together with 
the availability of various functional groups that allow 
the conjugation of drugs, is extremely valuable in 
medicine. HA mediates its biological functions through 
specific protein receptors present on the different cell 
surface, which include CD44 [14], HARE [15], RHAMM 
[16], and LYVE [17].  
 
 Hyaluronic acid is present in lung tissue and it 
shields the respiratory organ scleroprotein from 
inflammation [18]. Scientific evidences confirm that HA 
is used in the distribution of drugs to the respiratory 
organ and also its sustained release of drug makes it 
biocompatible, half-life extension, solubility 
enhancement, possibility of high drug loading, less 
toxicity, and increase drug retention time [11,12,19]. 
 
 It is well recognized that the most promising 
approaches to targeted drug delivery is 
nanotechnology; HA with its nano-size dimensions and 
ability to display a target moiety to ligands, nano-
delivery systems can impart drugs more efficiency, 
more selectivity and more specificity to the treatment 
of Mycobacterium TB. In addition, Macrophages are 
known to express HA receptors such as CD44; which is 
a macrophage-binding site for Mycobacterium TB; with 
the CD44 receptor on its outer membrane, a 
macrophage can become a target cell for MTB 
treatment, using an HA – MTB conjugate modified 
nano-carrier [20]. It is of surprising to note that 
hitherto, HA-MTB drug conjugates for the treatment of 
MTB have not been reported. There is an urgent need 
to develop an effective drug for active tuberculosis and 
particularly in the light of the fact that drug resistance 
TB remains a major concern in many countries. 

 The hyaluronic acid conjugates with the promising 
TB drugs, such as Ethambutol [7], Isoniazid [3,4], 
Rifampin [5], and Pyrazinamide [9,10], will be 
prepared and their potential as an efficient TB drug 

will be investigated by conducting in-vitro and in-vivo 
studies. 

 

Figure 1 Ethambutol 

 

Figure 2 Hyaluronic acid 

 Figure 3  HA- Ethambutol Conjugate 

 

Figure 4 Isoniazid 
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 Figure 5 Hyaluronic acid – Isoniazid Conjugate 

 The conjugation of Ethambutol (Fig.1) to hyaluronic 
acid (Fig.2) can be achieved through one of its two 
hydroxyl groups and the C5’carboxylic group of the D-
glucuronic acid moiety of the HA, through an ester 
linkage between the two compounds to afford HA-
Ethambutol conjugate (Fig. 3). For the detail 
methodology of the proposed strategy, one can refer 
the patent on the conjugation of methylprednisolone 
with HA [21].Similarly, Isoniazid (Fig. 4) can be 
covalently linked through its amino group at the 
C5’carboxylic group of the D-glucuronic acid moiety of 
the HA via an amide ester linkage to afford HA- 
Isoniazid conjugate (Fig. 5). 

CONCLUSION 

A number of HA-MTB drug conjugates, using 
different molecular weight of hyaluronic acid and 
different degree of substitution of the chosen anti-TB 
drug conjugates, will be prepared and tested for their 
activity against active tuberculosis. 
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