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Carbonic anhydrase I and II inhibition with natural products:

caffeine and piperine

Kalyan K. Sethi, Suvendu K. Sahoo, Jayaprakash N. Pichikala, and Padilam Suresh

GITAM Institute of Pharmacy, GITAM University, Rushikonda, Visakhapatnam, Andhra Pradesh, India

Abstract

Novel chemotypes with carbonic anhydrase (CA; EC 4.2.1.1) inhibitory action, in addition to the sulphonamide and
sulphamate were discovered, many of which are based on natural products. Caffeine and piperine were extracted
and tested for inhibition of the human (h) cytosolic isoforms hCA I and Il. The IC,  values of caffeine against hCA | was
of 55mM, whereas that of piperine of 60mM. The IC, values of caffeine and piperine against hCA Il were of 2mM.
Although these are quite weak inhibitors they may constitute leads for developing tighter binding compounds.
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Introduction

Carbonic anhydrases (CAs; also known as carbonate
dehydratases EC 4.2.1.1) are ubiquitous metalloenzymes
present in prokaryotes and eukaryotes that are encoded
by five evolutionarily unrelated gene families. These are
the a-CAs (present in vertebrates, bacteria, algae and
cytoplasm of green plants); the 3-CAs (predominantly
in bacteria, algae and chloroplasts of monodicotyle-
dons and dicotyledons); the y-CAs (mainly in archaea
and some bacteria); and the 6-CAs and {-CAs (pres-
ent in some marine diatoms) 7. In mammals, 16 a-CA
isozymes or CA-related proteins with different catalytic
activity, subcellular localization and tissue distribution
are there®?.

CAs catalyze a simple physiological reaction the con-
version of CO, to the bicarbonate ion and protons. The
active site of most CAs contains a zinc ion (Zn*"), which
is essential for catalysis. The CA reaction is involved in
many physiological and pathological processes, includ-
ing respiration and transport of CO, and bicarbonate
between metabolizing tissues and lungs; pH and CO,
homeostasis; electrolyte secretion in various tissues and
organs; biosynthetic reactions (such as gluconeogenesis,
lipogenesis and ureagenesis); bone resorption, calcifica-
tion, and tumorigenicity®*2.

Several classes of CA inhibitors (CAIs) are known:
the metal-complexing anions and the unsubstituted
sulphonamides and their bioisosteres, for example,
sulphamates and sulphamides compounds, the cou-
marins and the polyamines'*. In addition to the sul-
phonamide and sulphamate, natural products such as
phenols/polyphenols, phenolic acids, and coumarins
were recently investigated in detail as CAIs'*. Their
detailed mechanism of inhibition has been explained
by means of kinetic and x-ray crystallographic studies
and can be used for the rational drug design of other
agents33,

Structure A-H

It was also be found that coumarins A and B and hydro-
lyzed coumarins C and D were potent inhibitors against
some investigated human CA isoforms, which makes
this entire class of derivatives of paramount inter-
est for designing novel applications for the CAlIs. The
binding of the hydrolyzed coumarins C and D to hCA
II where the structures of a benzene sulphonamide CAI
E and of simple phenol F are also presented, stressing
the novelty of the binding mode of this chemotype to
the enzyme, in comparison to the classical inhibitors
(sulphonamides, which interact with the zinc ion) or
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phenols F (which interact with the zinc-coordinated
water molecule)?"%,

Natural products were less investigated as CAIs* and
we decided to undergo such a work. Caffeine G and piper-
ine H have the C=0 functional group as coumarins, which
creates a novel interest for the hCA inhibition study.
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Materials and methods

Caffeine G and piperine H were isolated from leaves of
Camellia sinensis family Theaceae and fruits of Piper
nigrum family Piperaceae, respectively***. The purity
of the compounds has determined by finding out the
melting point and thin-layer chromatography (TLC) by
comparing the melting point and R, factor with pure
compounds®***. The melting point of caffeine and piper-
ine were found to be 225-230°C and 129-132°C, respec-
tivelywhich almost matches the theoretical melting point
of it. The TLC of caffeine determined by taking 1.5 x 8 cm

TLC plate, TLC tank, lid, ultraviolet (UV) lamp and TLC
solvent (5% acetic acid in ethyl acetate). The TLC analy-
sis of a known sample of pure caffeine resulted in a spot
with a R, value of 0.23, then it is reasonably conclude that
the compounds present in the unknown sample is caf-
feine which have the R, value of 0.24. The TLC of piperine
determined by taking 1.5 x 8 cm TLC plate, TLC tank, lid,
UV lamp and TLC solvent (toluene:ethyl acetate in 70:3
ratios). The standard R, value of pure piperine was 0.25.
The R, value of purified piperine from TLC was found to
be 0.24. So it was confirmed that the product obtained
from the black pepper powder contains piperine.

Both the isolated caffeine G and piperine H were
tested against isozymes (of human origin) hCA I, hCA
II (University of Florence, Dipartimento di Chimica
Bioinorganica, Florence, Italy)®.

Enzyme inhibition of caffeine and piperine on hCA |
and hCAll

An SX.18MV-R Applied Photophysics (Oxford, UK)
stopped-flow instrument has been used to assay
the catalytic/inhibition of various CA isozymes as
reported by Khalifah®. Phenol Red (at a concentration
of 0.2mM) has been used as indicator, working at the
absorbance maximum of 557 nm, with 10 mM Hepes
(4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid;
pH 7.4) as buffer, 0.1M Na,SO, or NaClO, (for main-
taining constant the ionic strength; these anions are
not inhibitory in the used concentration), following the
CA-catalyzed CO, hydrationreaction foraperiod of 5-10
s. Saturated CO, solutions in water at 25°C were used as
substrate. Stock solutions of inhibitors were prepared
at a concentration of 10mM (in dimethyl sulphoxide-
water 1:1, v/v) and dilutions up to 1 mM done with the
assay buffer mentioned above. At least four different
inhibitor concentrations have been used for measuring
the inhibition constant. Inhibitor and enzyme solu-
tions were preincubated together for 10 min at room
temperature prior to assay, in order to allow for the
formation of the E-I complex. Triplicate experiments
were done for each inhibitor concentration, and the
values reported throughout the paper are the mean of
such results. The inhibition constants were obtained by
non-linear least-squares methods using PRISM 3, as
reported earlier, and represent the mean from at least
three different determinations. All CA isozymes used
here were recombinant proteins obtained as reported
earlier by our group®-°. As seen in Table 1, several mil-
limolar CAIs against the cytosolic isoforms hCA I and
hCA II, have been determined.

Results and discussion

The IC, values of caffeine against hCA I was found to be
55mM which whereas that of piperine was of 60 mM.
The IC, values of caffeine against hCA Il was found to be
2mM which the same as that of piperine (IC_, values of
2mM; Table 1).
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Table 1. Enzyme inhibition of caffeine and piperine on hCA 1
and hCA II by a stopped-flow CO, hydrase assay*.

IC,,
Compound hCA1 hCAII
Caffeine 55 mM 2 mM
Piperine 60 mM 2 mM
Acetazolamide 350 nM 24 nM

Acetazolamide which taken as the reference com-
pound have the IC _ values against hCA I and hCA II of
350nM and 24nM, respectively, being a highly potent
inhibitor against both the isoforms. Although caffeine
and piperine are much less potent, CAls compared to
acetazolamide these compounds may be used as leads
for developing novel inhibitors.

The caffeine and piperine may create a novel interest-
ing chemotypes, in addition to the sulphonamide and
sulphamate and other natural products such as phenols/
polyphenols, phenolic acids, and coumarins were dis-
covered. The new applications of CAls range from anti-
glaucoma agents with topical activity, to anti-convulsants,
anti-pain, anti-obesity, and anti-tumour agents/diagnos-
tic tools for cancer. This idea is not widely accepted, there
is potential to develop anti-infectives (anti-malarials,
anti-fungal, and anti-bacterial agents) belonging to the
CAlIs, targeting enzymes from various pathogens. The
pharmacological effects of caffeine and piperine still to
develop clinically as hCAlIs. It is thus, that the novel thera-
peutic applications will emerge for this natural product-
based enzyme inhibitors in the near future.
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