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Invitro Inhibitory Effect of Methanol Leaf Extract of
Cadaba Farinosa on Carbonic Anhydrase Activity

ABSTRACT

Aims: The aim of this study is to investigate the carbonic anhydrase inhibitory potential of
Cadaba farinosa leaf extract.

Methodology: Cadaba farinosa leaves were successively extracted using soxhlet apparatus by
n-Hexane, followed by Ethyl acetate and then Methanol solvents. The extracts were tested
against in vitro carbonic anhydrase activity. The most active extract was further purified to
determine the most active fraction against invitro carbonic anhydrase activity. The purified
fractions of Methanol extract were subjected to FTIR and GC-MS Analysis to determine the
functional components and compounds present.

Results: The result of the present study revealed the presence of inhibitory activity of n-
Hexane and Ethyl acetate extract against carbonic anhydrase whereas the Methanol extract
showed activation against the enzyme. Purified fractions of Methanol leaf extract revealed the
presence of activator and inhibitor fraction. FTIR analysis of the inhibitor fraction of methanol
leaf extract revealed characteristic band absorption similar to alpha aminonitrile while the GC-
MS analysis revealed the presence of derivatives ribonitrile, of methyl hydrazine, methyl
pyridine.

Conclusion: Cadaba farinosa leaf has compounds that can inhibit and activate carbonic
anhydrase, and thus could be used in the development of nitrile-containing pharmaceuticals
which are prescribed for a diverse variety of medicinal indications.

KEY WORDS: Cadaba farinosa, Carbonic anhydrase, aminonitrile, Hydrazine.
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Many natural and synthetic substances can affect the living metabolism by altering enzyme activities and
affecting metabolic pathways at low concentrations [1,2].

Many chemicals at relatively low dosages affect the metabolism of biota by altering normal enzyme
activity, particularly inhibition of a specific enzyme [4]. The effects can be dramatic and systemic [3].
Carbonic anhydrase, is a well-characterized pH-regulatory metalloenzyme, that rapidly catalyzes the

hydration of carbon dioxide (CO,) to form bicarbonate (HCOj3) and the reversible dehydration [5,6]. The
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conversion of carbon dioxide and water to carbonic acid by CAIX contributes to the acidification of the
extracellular microenvironment [7,8,9]. The acidic extracellular environment associated with tumors in turn
promotes the expression of proteinases that contribute to invasion and metastasis [10,11]. Compounds
capable of inhibiting carbonic anhydrase activity and therefore reducing carbonic acid formation via
increased carbonic anhydrase activity associated with many cancers is a strategy that can be employed
to repress invasion and metastasis of cancer cells.

Inhibition of some Carbonic anhydrases by aromatic/heterocyclic compounds has been exploited in
therapy for many years. Such pharmacological agents were shown to be useful as diuretics, or in the
treatment and prevention of a variety of diseases such as glaucoma, epilepsy, congestive heart failure,
mountain sickness, gastric and duodenal ulcers, neurological disorders and osteoporosis, among others
[12,13,14]. However, as CAs are ubiquitous enzymes in vertebrates, administration of systemic inhibitors
leads to CA inhibition in organs other than the target (i.e., the eye), and to undesired side effects as a
result of these drugs. The most frequent ones are: numbness and tingling of extremities; metallic taste;
depression; fatigue; malaise; weight loss; decreased libido; gastrointestinal irritation; metabolic acidosis;
renal calculi and transient myopia [15, 16,1 7]. Thus, it is essential to look for more effective carbonic
anhydrase inhibitor agents with fewer side effects. Cadaba farinosa leaf is used by locals in some parts of
Jigawa state of Nigeria for the treatment of cancer and diabetes. According to ethnomedical information
the plant Cadaba farinosa has been used for treating various ailments such as anti- inflammatory, anti-
diabetic and in female fertility [18,19]. In view of these observations, the aim of this study was to

investigate the invitro inhibitory effects of Cadaba farinosa leaf extract on carbonic anhydrase activity.

602.0 MATERIAL AND METHODS

612.1 EXPERIMENTAL
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All the chemicals and solvents used for the study were of reagent grade and were obtained commercially
from Sigma Aldrich (England). The infrared spectra of the purified fractions for the inhibitor and activator,
were recorded on a Thermo Scientific Nicolet iIS10 (England) FTIR Spectrophotometer, assisted by a

computer, in the solid state in the 4000-1400 cm™. The reported wave-numbers are estimated to be
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accurate to within + 3 cm-'. The GC-MS analysis were done using GCMS-QP2010 Plus Shimadzu

(Japan)

682.2 PLANT MATERIAL
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Cadaba farinosa leaves were collected from ringim local government area, of Jigawa state and
authenticated at the Biological science Department of Ahmadu Bello University Zaria, Nigeria. A voucher
number was given as no. 2744 and was deposited at the herbarium of the department. The leaves were,

washed, air-dried at room temperature, grinded to powder.

732.3 EXTRACTION AND PURIFICATION
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Leaves of Cadaba farinosa were dried in shade at room temperature and grounded to powder using
pestle and mortar. The powder was extracted with n-Hexane, followed by Ethyl acetate and methanol
using successive soxhlet-extraction for a period of 72 hours each. The extract was filtered through a
Buchner funnel with Whatman filter paper No.1. The filtrate was evaporated to dryness under reduce
pressure using rotary evaporator. The methanol extract after complete evaporation of the solvent, was
subjected to column chromatography to perform purification of the extract. Fractions with similar TLC

profiles were pooled together and analyzed to ascertain the purification purity.

822.4 CARBONIC ANHYDRASE ASSAY
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The activities of the fractions were determined as mentioned by vapoorte et al. [20], with the modification
described by Parui et al.,[21], by the release of p-nitrophenol by hydrolysis of the synthetic substrate, p-
nitrophenyl acetate at room temperature by carbonic anhydrase enzyme. The assay was conducted in a
total of 3 mL reaction volume. For inhibition assay, fractions (15ug/100 puL in DMSO) was added to a
mixture containing 10ug/100uL enzyme and reaction mixture (1.4 ml 0.05 M Tris- HCI buffer, pH: 7.4 and
1.5ml p-nitrophenyl acetate) and was incubated at room temperature for 5 min. The reaction was initiated
by the addition of enzyme with the fraction after zeroing with p-nitrophenyl acetate (pNPA, 3 mM) and the

release of p-nitrophenol was determined by measuring the absorbance at 345 nm after monitoring
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91 continuously for 3 min. A standard linear curve of pnitrophenol was generated which was used to
92 calculate the catalytic activity.

933.0 RESULTS

943.1 In-vitro effect of crude n-Hexane, ethyl acetate and Methanol extracts of Cadaba farinosa on
95 carbonic anhydrase activity.

96 Figure 1(a&b) shows the effect of crude n-Hexane, ethyl acetate and Methanol extracts of Cadaba
97  farinosa on carbonic anhydrase activity. Among the three crude extract of cadaba farinosa leaves,
98 methanol extract has produced increase of carbonic anhydrase activity with 9.0% activation, while n-
99 Hexane and ethyl acetate extract produced a significant reduction in carbonic anhydrase activity with
100  65.9% and 72.4% inhibition.
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109 Figure la: In-Vitro inhibitory effect of Acetazolamide, Metformin and Crude extract of Cadaba farinosa on Bovine

erythrocyte carbonic anhydrase activity treated at 15ug/10ug enzyme concentration each.
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Figure 1b: Percentage inhibition of Acetazolamide, Metformin and Crude extract of Cadaba farinosa on

120 Bovine erythrocyte carbonic anhydrase activity treated at 15ug/10ug enzyme concentration each.

1213.2 In-vitro effect of purified fraction of Methanol leaf extract of Cadaba farinosa on carbonic
122 anhydrase activity.

123 Only fraction A showed 44.1% inhibition compared to fraction B, C and D which showed 13.2, 5.3 and
124  7.9% inhibition respectively. However, only fraction E showed increased carbonic anhydrase activity
125  (Figure 2 (a&b)). Among the five purified fractions only fraction E produced activation of carbonic

126 anhydrase activity.
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Figure 2b: Percentage Inhibition of Acetazolamide, Metformin and purified fractions of methanol leaf extract of
Cadaba farinosa on bovine erythrocyte carbonic anhydrase %ctivity treated at 15ug/10ug enzyme concentration each.
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1483.3 Infrared spectra Analysis
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The infrared spectra of Purified fraction A of Cadaba farinosa leaf extract showed a single band at
3486.91 cm™ which was assigned to symmetric vibration of NH, group. The corresponding NH, appeared
in the 3400-3500 cm™ region characteristic band of Amine group present in the spectrum. A single band
at 2226.31 cm™ region is tentatively assigned to Nitrile group (C=N) which appeared in the 2220-2240 cm’
! region. The infrared spectral data of fraction A in (Table 1a) showed some characteristic bands related
to a- aminonitriles; which could be attributed to C=N group. Finally bands at 2932.73, 1719.05 and

1653.86 cm-1 were assigned to Alkane, Ketone and Alkene respectively (Table 1a).

However, the infrared spectra of Purified fraction E of Cadaba farinosa leaf extract also showed a single
band at 3398.37 cm™ which was assigned to symmetric vibration of NH, group (Table 1b). The
corresponding NH, appeared in the 3400-3500 cm™, but it does not show any band within 2220-2240 cm™
region, a characteristic region of Nitrile group. A band at 2921.74 and 1743.64 cm™ were assigned to
Alkane and Aliphatic esters respectively.

Table 1a: FUNCTIONAL GROUPS IDENTIFIED USING FTIR SPECTRA ﬁNALYSIS FOR THE INHIBITOR (FRACTION A) OF
METHANOL LEAF EXTRACT OF CADABA FARINOSA. Wavenumbers (cm )

ABSORBANCE ABSORPTION RANGES FUNCTIONAL GROUP
NAMES
1 3486.91 3400-3500 N-H, AMINE
2 2932.73 2850-3000 C-H, ALKANE (strech)
3 2226.31 2220-2240 CN, NITRILE
4 1719.05 1710-1720 >C=0, KETONE
5 1653.86 1640-1670 C=C, ALKENE

Table 1b: FUNCTIONAL GROUPS IDENTIFIED USING FTIR SPECTRA ANALYSIS FOR THE ACTIVATOR (FRACTION E) OF
METHANOL LEAF EXTRACT OF CADABA FARINOSA. Wavenumbers (cm™)

ABSORBANCE ABSORPTION FUNCTIONAL GROUP NAMES
RANGES
1 3398.37 3400-3500 N-H, AMINE
2 2921.74 2850-3000 C-H, ALKANE
4 1743.64 1735-1750 R-C(0)-O-R, ESTERS (aliphatic)
5 1456.59 1450-1470 C-H, ALKANE (bend)
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The GC-MS result of the purified fraction A revealed the presence of D-Ribonitrile, 2,3,4,5-tetraacetate
with the molecular formula C;3H;7NOg, Phenol, 4-methyl-3-(2-methylhydrazino)- with molecular formula
CgH12N,O, 5-Ethyl-2-methylpyridine 1-oxide with molecular formula CgH;;NO, 1,2-Dimethyl-3-nitro-4-
nitroso-benzene with molecular formula CgHgN,O; and Octanamide with molecular formula C.gH3;NO
(Table 2a). Whereas fraction E of the purified extract revealed the presence of Hexadecanoic acid, 1-
[[[(2-aminoethoxy)hydroxyphosphinylloxy]methyl]-1,2-ethanediyl ~ ester ~ with  molecular  formula
C37H74NOgP, 9-Octadecenamide with molecular formula C.gH3sNO, n-Decyl fluoride With molecular
weight formula CyoH,;F, Eicosanoic acid with molecular formula C,oH;,0, and Ethylene glycol monooleate

With molecular formula CyH3305 (Table 2b).

Table 2a: COMPOUNDS IDENTIFIED USING GC-MS ANALYSIS FROM THE INHIBITOR (FRACTION A) OF
METHANOL LEAF EXTRACT FRACTION OF CADABA FARINOSA. Wavenumbers (cm™)

SIN Compound Name PEAK R.TIME Formula M.Wt.

1 N-Ethoxyisobuten-3-imine 1 4.950 CesH11NO 113
D-Ribonitrile, 2,3,4,5-tetraacetate 2 8.833 Ci13H17NOg 315

3 Phenol, 4-methyl-3-(2-methylhydrazino)- 79 11.767 CsH12N20 152

4 5-Ethyl-2-methylpyridine 1-oxide 79 11.767 CgH11NO 137

5 1,2-Dimethyl-3-nitro-4-nitroso-benzene 3 11.767 CgHsN203 180

6 9-Octadecenamide 15 23.167 C1gH3sNO 281

Table 2b: COMPOUNDS IDENTIFIED USING GC-MS ANALYSIS FROM THE ACTIVATOR (FRACTION E) OF
METHANOL LEAF EXTRACT FRACTION OF CADABA FARINOSA. Wavenumbers (cm™)

SIN Compound Name PEAK R.TIME Formula M.Wt.

1 Hexadecanoic acid, 1[(2- 8 22.392 C37H74NOgP 691
aminoethoxy)hydroxyphosphinyl]oxy]methyl]-1,2-ethanediyl
ester

2 9-Octadecenamide 9 23.125 C1gH3sNO 281

3 n-Decyl fluoride 8 23.392 CioH21F 160

4 Eicosanoic acid 7 20.992 C20Ha002 312

5 Ethylene glycol monooleate 13 26.225 C20H3503 326
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In-vitro study of the purified Methanol fraction, showed fraction A inhibiting carbonic anhydrase activity
while fraction E activating carbonic anhydrase activity, the difference was seen in the FTIR spectra data
showing the presence of aminonitrile containing groups in the fraction A and none in the fraction E,
suggesting the presence of the nitrile containing group may be responsible for the inhibitory activity of the
inhibitor fraction A. GC-MS analysis of fraction A further revealed the presence of some compounds
which are: ribonitrile, methyl hydrazine, methyl pyridine and octanamide. Hydrazine derivatives are
reported to be environmental and food pollutants but are also important because of their use in medicine
for the treatment of tuberculosis and cancer, and are also reported to pose significant health risks to
humans as they are mutagenic and carcinogenic [22]. Hydrazine and its derivatives, which are used as
high energy rocket fuel, induce a variety of toxic insults, including hypoglycemia, disorders of the CNS,
induction of systemic lupus erythematosus, and cancer [23,24,25]. Hydrazines are also found in tobacco
and in edible mushrooms, and in Isoniazid and iproniazid, monoamine oxidase inhibitors, are in use for
the treatment of tuberculosis and, until recently, as an antidepressant, respectively [26,27]. Leaf extract of
Cadaba farinosa is being used for the treatment of cancer and diabetes in parts of Jigawa state of Nigeria
as folk medicine. In the current study, we demonstrated for the first time that Cadaba farinosa methanol
leaf extract has amino-nitrile containing compounds from the FTIR spectra analysis, which showed
absorption characteristic bands related to a- aminonitriles at 2226.31 cm™ region which is tentatively
assigned to Nitrile group (C=N). Over 30 nitrile-containing pharmaceuticals are prescribed for a diverse
variety of medicinal indications with more than 20 additional nitrile-containing leads in clinical
development. Several amino nitriles have been developed as reversible inhibitors of dipeptidyl peptidase
(DPP V) for treating diabetes [28]. Vildagliptin is a recently released aminonitrile-containing antidiabetic
drug that inhibits dipeptidyl peptidase IV (DPP-1V).

Several nitrile-containing drugs are in use for a variety of medical treatments. Such as the block-buster
drug Anastrazole, marketed by Astra-Zeneca under the trade name Arimidex, is considered the drug of
choice for treating oestrogen-dependent breast cancer, etravirine is a nitrile containing anti HIV agent,
while (rilpivirine) are among the many etravirine analogs under development, which is being being touted

as among “the most potent anti-HIV agent(s) ever discovered.” [29] and Entacapone used for treating
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Parkinson's disease is a potent inhibitor of catechol-O-methyltransferase. And numerous candidates are

currently being pursued in clinical trials.

CONCLUSION

We may conclude that the use of leaf extract of Cadaba farinosa by locals for the treatment particularly of

cancer and diabetes, may be justified by the presence of characteristic band absorption of alpha

aminonitrile functional component, and also the presence of hydrazine derivative which may explain the

anti-cancer activity.
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