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Abstract

Free radical oxidation is considered an important factor in the treatment
of tuberculosis. Drugs or treatments with antioxidants are reflected in the liter-
ature but the choice of those used for tuberculosis is quite limited. Selected nat-
ural and synthetic compounds (hybrid molecules consisting of fenchane scaffold
and cinnamoyl like residues attached through amide bond), possessing antimy-
cobacterial activity were studied for their capacity to accelerate or decelerate
lipid oxidation process. Three of the compounds under study showed prooxi-
dant activity. To the best of our knowledge, this is the first report about the
prooxidant activity of piperine under spontaneous autoxidation conditions. The
presence of fenchane scaffold together with the 1,3-benzodioxole fragment, pos-
itively affects the activity but we can only speculate about the role of the amide
part. Effect of equimolar binary mixtures with curcumin has also been stud-
ied. These new results may contribute to the search for efficient bio-antioxidant
mixtures in the prevention and elimination of adverse reactions of antibacterial
drugs.
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Introduction. Tuberculosis is a classic chronic infectious disease, a type of
recurrent infection that can affect any organ in the human body. The causative
agent Mycobacterium tuberculosis (MTB) is not considered to be a natural part of
the human microflora and its surroundings. Tuberculosis continues to be a serious
medical and social problem. Each year, 10 million new patients are discovered
and about 4 million die. Despite the efforts made to successfully treat, prevent
and control the widespread circulation of resistant forms of mycobacterial strains,
that are not susceptible to clinically available drugs, tuberculosis remains a serious
health problem for both developed and developing countries [1].

Free radical oxidation, one of the most important bactericidal factors of
phagocytes, is of particular importance in tuberculosis [2]. The stimulation of the
process, as a protective reaction of the body, is aimed at destroying the pathogen.
On the other hand, the capacity of MTB to counteract the bactericidal oxidative
burst and to resist, contributes to the incompleteness of phagocytosis. Thus, the
continued generation of free radicals in phagocytes, without causing harm to the
MTB [3], causes destruction of the surrounding lung tissue. Drugs or treatments
with antioxidants are reflected in the literature but the choice of those used for
tuberculosis is quite limited [4].

Fig. 1. Piperine (1) and curcumin (2)

Piperine (1) (Fig. 1) is a naturally occurring alkaloid and pungent principle
isolated from the plants of Piper genus. Among the proven biological activities
of piperine, making it a suitable and promising scaffold in drug design, is its pro-
tective efficacy against MTB [5]. However, its role as a bioenhancer is no less
but even more intriguing from a research perspective. Piperine has been recog-
nized as the world’s first bioavailability enhancer in 1979 by Prasad et al. [6].
Six years later Zutshi et al. [7] reported that piperine enhanced bioavailabil-
ity of rifampicin by about 60% during the course of treatment of tuberculosis.
Bioenhancers reduce the dose and toxicity of the target chemical agents and even
may shorten the treatment period [6, 8]. Curcumin (2) (Fig. 1) is also used as a
bioenhancer for antimicrobials and anticancer drugs [9]. Its mechanism of action
involves suppressing drug metabolizing enzymes (CYP3A4) in the liver as well as
inducing changes in the drug transporter P-glycoprotein [9, 10].

The aim of the study is to assess the capacity of some natural and natural-
like synthetic compounds with antimycobacterial activity to induce or combat
the oxidation process as it is considered an important factor in the treatment of
tuberculosis. To achieve this goal, we have chosen piperine and curcumin as well

2 C. R. Acad. Bulg. Sci., 77, No 3, 2024 339



as synthetic compounds consisting of fenchane scaffold and cinnamoyl like residues
attached through amide bond.

Materials and methods. Synthesis of the compounds. Synthesis of the
target compounds 7, 8 [11] and 9 [12] (Fig. 2) and study of their in vitro antimy-
cobacterial activity have already been described in our previous studies [11, 12].
Compound 8 was obtained after direct acylation of aminoalcohol 3 [11, 13] with
cinnamoyl chloride 5 in basic conditions. Amides 7 and 9 were synthesized by cou-
pling reaction between 3 and corresponding acids 4 and 6, in presence of coupling
reagent O-(Benzotriazol-1-yl)-N,N,N ′, N ′-tetramethyluronium tetrafluoroborate
(TBTU).

Fig. 2. Synthesis of compounds 7–9

Chain-breaking antioxidant activity. Lipid samples containing various
substances were prepared directly before use by adding aliquots of acetone so-
lutions of the compounds under study to the lipid substrate (lard). More ex-
perimental details are given in [14]. The lipid autoxidation process was carried
out in a thermostatic bath at 80 ± 2 ◦C by blowing air through the samples in
special vessels. The oxidation process was monitored by withdrawing samples at
measured time intervals and subjecting them to iodometric determination of lipid
hydroperoxides expressed as peroxide value (PV, meq O2/kg).

Determination of the main kinetic parameters. Induction periods (IP,
hours) were determined as a cross point for the tangents to both parts of the
kinetic curves. Oxidation rates were found by the tangents to the initial phase,
i.e. the linear part.

Results and discussion. Kinetic curves of lipid autoxidation of the studied
compounds at concentration of 0.1 mM are presented in Fig. 3. Kinetic parameters
IP (induction period or the time in which the amount of antioxidant has been
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fully consumed) as well as oxidation rates, obtained after processing the curves,
are presented in Table 1. Protection factor PF, a measure of the capacity of a
compound to increase the oxidation stability, is determined by the ratio of IP
in presence and in absence of the compound. A value of PF = 1 corresponds to
none antioxidant activity whereas PF < 1 indicates prooxidant activity. Inhibition
degree ID or inhibition of the oxidation process which is a measure of antioxidant
reactivity can be determined from the ratio of RC, i.e. rate of the control sample,
to rate in presence of a studied compound. Curcumin (2) showed the highest
inhibition degree in this study (Fig. 3). Its antioxidant capacity highly increases
with increasing its concentration, and this is well documented [15]. At 0.1 mM
its IP is almost twice that of the control sample (Table 1). Piperine (1) and
the synthesized compounds 8 and 9, with the exception of compound 7, showed
prooxidant activity which is seen from the respective kinetic curves vs. that of
the control sample.

Fig. 3. Kinetic curves of accumulation of lipid peroxides (LOOH) dur-
ing lipid autoxidation at 80 ◦C in the absence, i.e. control sample (C),
and in the presence of 0.1 mM of compounds under study: piperine

(1), curcumin (2) and compounds 7–9 (See Fig. 2)

There is no significant effect of replacing the double bond in the side chain
with a triple bond in the structures of fenchone derivatives 8 and 9. Their IP
values are within the standard deviations and similar rates of oxidation (R) in
presence of 8 or 9 (at 0.1 mM) have also been observed (Table 1). Apparently,
a substitution in the aromatic ring can neutralize and even reverse this effect
turning it from pro- to weak anti-oxidant. This is shown by comparing the results
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T a b l e 1

Kinetic parameters of studied compounds at concentration 0.1 mM

Compounds
(0.1 mM) IP , h PF

IPA/IPC
R, 10−7 Ms−1 ID

(RC/RA)

1 13.0 ± 1.3 0.8 1.58 ± 0.10 0.8
2 29.5 ± 1.7 1.8 0.80 ± 0.06 1.7
7 20.0 ± 1.5 1.2 0.89 ± 0.07 1.5
8 11.0 ± 0.9 0.7 2.22 ± 0.11 0.6
9 12.5 ± 1.5 0.8 1.81 ± 0.09 0.7

Equimolar (1:1) binary mixtures
1 + 2 26.5 ± 1.7 1.7 0.78 ± 0.07 1.7
7 + 2 21.5 ± 1.5 1.3 1.21 ± 0.09 1.1

Control sample: IPC = 16.0± 1.5 h; RC = 1.33 10−7 Ms−1

for kinetic parameters of compound 7 (Table 1). The aromatic substitution of
compounds 1 (piperine) and 7 (Fig. 4) is the same, both possess amide moiety in
their structures and the presence of fenchane scaffold in 7 is the main structural
difference. Fenchone itself exerts weak or moderate antiradical and antioxidant
activities depending on its concentration [16,17]. This gives us reason to consider
that its presence in the molecule, as well as the presence of 1,3-benzodioxole
fragment, positively affect the activity, but we can only speculate about the role
of the amide part.

Fig. 4. Main scaffolds in the structures of piperine (1) and amides 7, 8 and 9 derived from
(–)-fenchone

Compound 1 induces reactive oxygen species (ROS) generation and subse-
quent cell death has been studied in different types of cancer cells [18]. Its proox-
idant activity has been shown to influence the redox state of cancer cells [19].
However, to the best of our knowledge, this is the first report about the prooxi-
dant activity of piperine under spontaneous autoxidation conditions. Compound
7, whose antimycobacterial activity is comparable and even higher than that of
the standard Ethambutol (EMB), demonstrates relatively high cytotoxicity onto
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human embryonic cell lines from kidney HEK293 at the same time [12]. There-
fore, it is important to investigate these compounds in combination with antiox-
idants. Non-toxicity of curcumin at high doses makes it suitable for inclusion in
bio-antioxidant compositions.

If two or more antioxidants are added to oxidizing substrate, their effect can
be synergistic, additive or antagonistic. The kinetic curves in Fig. 3 and the results
summarized in Table 1 show that the activity of curcumin (2) is not changed
significantly in the presence of piperine (1) in an equimolar binary mixture at 0.1
mM. In case of mixture of compound 7 with curcumin under the same conditions
we observe antagonism. The latter takes place when the combined inhibiting
effect of mixture is weaker than the sum of those of individual components [20].
In contrast, synergy occurs when the combined effect is higher than the effects of
individual components. To make these comparisons the kinetic parameter IP is
used: IP2+7 < IP2 + IP7.

Conclusions. Although very limited series of fenchane amides (7, 8 and
9) was investigated in this study, some preliminary conclusions may be proposed.
Piperine and the synthesized fenchane derivatives 8 and 9 showed prooxidant
activity, in contrast to compound 7. To the best of our knowledge, this is the first
report about the prooxidant activity of piperine under spontaneous autoxidation
conditions. There is no significant effect of replacing the double bond in the side
chain with a triple bond in the structures of compounds 8 and 9. A substitution
in the aromatic ring can neutralize and even reverse this effect turning it from
pro- to weak anti-oxidant. This is shown by comparing the results for kinetic
parameters of compound 7. The presence of fenchane scaffold in its molecule,
together with the 1,3-benzodioxole fragment, positively affects the activity but
we can only speculate about the role of the amide part. Antagonism is observed
in equimolar binary mixture of 7 with curcumin. Therefore, the latter is not
recommended to be used in combination with the antimycobacterial agent 7.
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