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ABSTRACT

Kigelia africana has been used by population as an herbal medicine to treat several diseases, such as inflammatory disorders,
infectious diseases and malaria. Thus, this study aimed to characterize the K. africana fruit extract (KAFE) by
thermogravimetry (TG), differential thermal analysis (DTA) and pyrolysis coupled to gas chromatography and mass
spectrometry (Pyr-GC/MS) and analysis of its anti-inflammatory and schistosomicidal activities. The extracts were dried by
spray dryer at 160°C and rotary evaporator at 40°C. All samples were submitted to dynamic TG in two different atmospheres
(nitrogen and air), TG-isothermal in the air and DTA in the nitrogen. The molecules degradable at 250°C and 500°C were
identified by Pyr-GC/MS. The dynamic TG curves showed six decomposition steps for all samples in the nitrogen and air.
The extract (S. dryer) had greater loss of the total mass, take less time for degradation of 5% of the mass at 30°C, showed
lower enthalpy and activation energy than extract (R. evaporator) were identified 47 different molecules in all samples. The
extracts showed the anti-inflammatory effect acting against protein denaturation; however, for schistosomicidal activity it
was not active.

Keywords: Kigelia africana extracts, Thermo analytical characterization, Anti-inflammatory, Schistosomicidal activities

Abbreviations: A: Frequency factor; KAFE: Kigelia africana Fruit Extract; DTA: Differential Thermal Analysis; Ea:
Activation Energy; EI: Electron Impact; iNOS: inducible Nitric Oxide Synthase; K: Rate Constant; LPS: Lipopolysaccharide;
m/z: Mass-to-Charge Ratio; n: Reaction Order; NO: Nitric Oxide; Pyr-GC/MS: Pyrolysis Coupled to Gas Chromatography
Interfaced with Mass Spectrometry; R: Gas Constant (8.314 J K' mol™); RT: Retention Time; T: Temperature; TG:
Thermogravimetry

INTRODUCTION

Medicinal plants have been used for the treatment of various
diseases as an effective alternative in worldwide, with
special emphasis in development countries [1]. Kigelia
africana L. (Bignoniaceae) is a distinctive tree native to the
African continent [2]. The diversity of ailments for which K.
africana fruits are administered in traditional African
medicine includes many microbial infections, inflammatory
disorders, infectious diseases, hormonal imbalances, malaria,
gynecological disorders, renal ailments, skin complaint,
tumors and reproductive disorders, complaints of the
digestive and genito-urinary systems [3,4]. Extracts of K.
africana roots and fruits showed antibacterial activity
against Staphylococcus aureus, Bacillus subtilis and
antifungal effects against Aspergillus niger, Aspergillus

flavus, Candida albicans and Pullularia pullularis [5-7]. K.
africana fruit extract (KAFE) showed antioxidant effect in
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male Sprague-Dawley rats [8] and inhibitory effects of fruit
extracts on induced tumors and inflammation in mice [9].
Picerno et al. [10] reported that the KAFE inhibits iNOS
expression and NO release in the LPS-induced J774.Al
macrophage cell line. The KAFE showed a dose dependent
significant reduction of the number of writhes with 500
mg/kg body weight dose giving the highest reduction. In the
carrageenan-induced paw edema, a dose dependent
significant inhibition was observed (p<0.001) between the
second and the fifth hour, confirming that the extract has
significant anti-inflammatory properties. Inhibition of the
synthesis of prostaglandins and other inflammatory
mediators has been suggested to be responsible for the anti-
inflammatory properties [11,12].

In the technological development of phytotherapeutic drugs,
the extracts have been submitted to several drying
techniques to guarantee the physical and chemical stability
of the intermediate product [13]. Spray dryer and rotary
evaporator are commonly used techniques for drying
vegetable extracts, because they offer a dry product suitable
for technological production of phytotherapeutic drugs [14-
16].

The thermogravimetry (TG) and differential thermal analysis
(DTA) are the most commonly used thermoanalytical
techniques to characterize the dry extracts as raw material
for technological production of phytotherapeutic drugs [17].
These techniques analyze the thermal decomposition profile
and kinetic parameters, such as reaction order (n), activation
energy (Ea), frequency factor (A) and degradation constant
[18]. Pyrolysis coupled to gas chromatography and mass
spectrometry (Pyr-GC/MS) has been used together with TG
and DTA to identify molecular fragments degradable
resulting from the temperature processes [19].

In our best knowledge, there is no available information in
the literature about physicochemical quality evaluation of
KAFE as raw material for the technological development of
phytotherapeutic drugs. Thus, in the present research study
we characterized the K. africana fruit extract by
thermogravimetry (TG), differential thermal analysis (DTA)
and pyrolysis coupled to gas chromatography and mass

spectrometry (Pyr-GC/MS) and analysis of its anti-
inflammatory and schistosomicidal activities.

MATERIALS AND METHOD

Plant material and powder preparation

The fruits of K. africana was collected in Buzi-

Sofala/Mozambique (19°34°08” and 20°33°09” S/34°46°57”
and 33°53°07” W), in January, 2018. The plant material was
dehydrated in an oven at 40°C and was subsequently milled
and pulverized. The material obtained by each mesh was
stored in a frosted polyethylene container, properly sealed
and protected from light and humidity at room temperature.
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Preparation of extract

The extraction was done in two ways namely, maceration
and supercritical fluid extraction.

Maceration: 200 g of plant powder was subjected to
dynamic maceration in 2000 mL hydroethanolic solution
(ethanol 70%) for 6 h at 1100 rpm. The mixture was filtered
using dry cotton followed by filter paper. In order to
determine the dry residue, the fluid extract was placed in a
drying oven at 105°C for 2 h and then cooled in a desiccator.
The spray-dried filtrate was prepared from a suspension
containing 20% of colloidal silicon dioxide. During the
atomization procedure, the mixture was mixed with a
magnetic stirring bar. The drying temperature was 160°C
and the pump flow was 8 mL min"'. The dry extract was
stored at room temperature in plastic containers with lid, to
minimize possible changes in the material, such as
agglomeration caused by water absorption and oxidation,
until further use. The product was named extract (S. dryer).

Supercritical fluid extraction: Two hundred grams of K.
africana fruit powder was placed in a reactor model 4848B.
Then, 2000 mL of hydroethanolic solution (EtOH 70%) was
placed in the same reactor. 35 bar of CO, was applied to the
reactor. The reaction occurred at 40°C for 5 h at 747 rpm.
The extract was dried in rotary evaporator at 40°C. The
product was stored at room temperature in plastic containers
with lid and named extract (R. evaporator).

Qualitative analysis on phytochemical constituents

The preliminary phytochemical studies on the K. africana
extracts were conducted as per the standard procedures [20].

TG-dynamic: The dynamic TG curves were acquired using
a Shimadzu thermobalance, model TGA-60, using an
alumina crucible. Rising temperature experiments were
conducted in the temperature range 40-900°C, at 10°C min™'
in the nitrogen atmosphere (50 mL min™ flow) and air
atmosphere (20 mL min™' flow), with a sample mass of 5.000
+ 0.002 mg, in both tested atmospheres. The data were
analyzed using the TASYS (TA-60) and Origin Pro 8.0.

TG-isothermal: The TG-isothermal curves were carried out
over 240 min in air atmosphere at different temperatures:
160, 170, 180, 190 and 200°C, according to TG-dynamic
profiles. The data were analyzed using the TASYS (TA-60)
and Origin Pro 8.0. The degradation constant was calculated
using the Arrhenius equation. While, the degradation time of
5% of the mass at 30°C was calculated based on the equation
of the zero-order.

Kinetic parameters

The degradation kinetic parameters, namely reaction order
(n), activation energy (E,) and frequency factor (A) were
determined by TG-isothermal, using the Arrhenius equation
(InK=InA — Ea/RT).
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Differential thermal analysis

DTA curves of the samples were recorded using a Shimadzu
differential thermal analyzer model DTA-50 in the nitrogen
(50 mL min™ flow) at 10°C min™, up to the temperature of
900°C. The samples mass was 5.000 = 0.003 mg, which was
analyzed by its typical transition phases, using the TA-60WS
software (Shimadzu, Japan). The DTA curves were plotted
using Origin Pro 8.0.

Pyrolysis coupled to gas chromatography and mass
spectrometry

Pyr-GC/MS was used together with TG and DTA to identify
the molecular fragments degradable resulting from the
temperature processes. A capillary column with stationary
phase phenyl/dimethyl polysiloxane (5:95) (with 30 m
length, 0.25 mm internal diameter and 0.25 pm particle
sizes) was used. The gas chromatograph was interfaced with
the mass spectrometer, which was configured to scan a mass
range from m/z 50 to 450. Helium was used as a gas carrier
at a flow rate of 1.7 mL min" and a split ratio of 1:5.
Ionization was effected by electron impact (EI) at 70 eV.
The chromatographic run was performed using a
temperature ramp at rate 10°C min™, starting at 70 up to
300°C, for 28 min. A fraction of the KAFE samples in the
platinum crucible was introduced in the pyrolyzer preheated
at temperatures of 250 and 500°C, separately for each
experiment. These temperatures were selected according to
the dynamic TG curves of the samples under a nitrogen
atmosphere. The molecular fragments were identified
through mass-charge ratio using GCMS Real Time Analysis
and GCMS Postrun Analysis software. The identification of
the compounds was made by comparing their mass spectra
with the Wiley/NBS library reference data (6" Edn for
Class-5000).

Anti-inflammatory activity

The reaction mixture (5 mL) consisted of 0.2 mL of egg
albumin (from fresh hen’s egg), 2.8 mL of phosphate
buffered saline (PBS, pH 6.4) and 2 mL of varying
concentrations of KAFE so that final concentrations become
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100, 250, 500, 750, 1000 pg/mL. Similar volume of double-
distilled water served as control. Then the mixtures were
incubated at (37 + 2)°C in an incubator for 15 min and then
heated at 70°C for 5 min. After cooling, their absorbance
was measured at 660 nm (SHIMADZU, UV 1800) by using
vehicle as blank. Diclofenac sodium (100 pg/mL) was used
as reference drug and treated similarly for determination of
absorbance. The inhibition percentage of protein
denaturation was calculated by using the following formula:

Absorbance of test

% inhibition = 100

X
Absorbance of control

Schistosomicidal activity

S. mansoni mates were placed in 24-well cell culture plates
(one pair per well) containing 1 mL of RPMI 1640 (Roswell
Park Memorial Institute Medium), amphotericin (2 pg/mL),
penicillin (200 U/mL), streptomycin (200 pg/mL) and 10%
of fetal bovine serum (FBS). 100 pg/mL of extract was
added to the culture medium with 1.5% of dimethylsulfoxide
(DMSO) (negative control) and 1500 ng/mL of praziquantel
(PZQ) (positive control). The parasites were maintained for
96 h at 37°C in CO, atmosphere (5% CO,). The
schistosomicidal activity of the extract was evaluated
through the analysis of motor skills and reproductive
capacity. The observations were made through the inverted
microscope, and the first observation was made two hours
after the addition of the extract. Subsequent observations
were made at 24 h intervals for four days. Mortality was
established by the total absence of movements. The
reproductive capacity was evaluated by mating and
oviposition. The eggs were counted at the end of the
experiment using a stereomicroscope.

RESULTS
Qualitative analysis on phytochemical constituents

Qualitative analysis carried out on KAFE showed the
presence of various phytochemical constituents and the
results are shown in Table 1. Similar results were verified
by Abdulkadir et al. [21].

Table 1. Phytochemical constituents.

Secondary metabolites

Alkaloids =
Flavonoids ++
Saponins —
Steroids +
Tannins ++
Terpenes 4+t

Extract (S. dryer) = Extract (R. evaporator)

+++

++

++

++

— Absence; + Presence; ++ Moderate presence; +++ High presence of the constituent
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TG-dynamic

In the nitrogen atmosphere, the dynamic TG curves showed
five decomposition steps for all samples (Figure 1). The
first decomposition step of extract (S. dryer) occurred in the
range of 76.0-121.0°C, referring to the volatiles, mainly
water, corresponding to 5.92% and the main step represents
the macro and micro compounds degradations occurring in
the temperature ranges of 321.6-473.7, having lost 19.37%
of the mass. For dry extract in rotary evaporator the first
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decomposition step occurred in the range of 45.0-119.0°C,
corresponding to 6.43% and the main step of mass loss was
recorded between 322.4 and 367.5, having lost 33.16%. The
total mass losses during all decomposition steps were 49.72
and 87.31% for extract (S. dryer) and extract (R.
evaporator), respectively. The extract (S. dryer) showed
greater amount of residue than extract (R. evaporator)
(Figure 1). Suggesting that this extract presents greater
physical stability [14,15], probably due to its higher level of
dehydration than extract dried in oven-drying.

100+

-~ Extract (S. dryer)

Extract (O. R. evaporator)

0 200

400
Temperature (°C)

600 800

Figure 1. Dynamic TG curves in the nitrogen atmosphere.

In the air, the dynamic TG curves showed six decomposition
steps for all samples (Figure 2). For extract (S. dryer), the
temperature range of the main step occurred between 343.7
and 456.2°C, having lost 21.94% of the mass, and for (R.
evaporator), the main step of mass loss occurred between
298.7 and 363.8 having lost 36.78%. The dynamic TG

curves of extract (S. dryer), showed higher thermal stability,
because showed greater amount of residue and lower total
mass loss than extract (R. evaporator). Similar results were
observed in dynamic TG curves under a nitrogen
atmosphere.

100+

---- Extract (S. dryer)

Extract (R. evaporator)

Air: 10 °C min”

0 200 400

Temperature (°C)

600 800

Figure 2. Dynamic TG curves in the air atmosphere.
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TG-isothermal

The degradation time of 5% of the mass at 30°C and thermal
degradation constant at different temperatures, for plant drug
and extract samples are shown in (Table 2). We have
observed that the greatest mass loss occurred at high
temperatures for all evaluated samples. Which means that
the majority part of the substances present in K. africana
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degradation constant determined by Arrhenius equation
evidenced larger values for extract (R. evaporator) as
compared to the dry extract through the spray dryer. In this
context, extract (R. evaporator) is more unstable than extract
(S. dryer). The result is corroborated through the values that
determine the validity of the raw material, in which the
required time for the degradation of 5% of the sample mass
at room temperature (30°C) was 1.136 and 0.768 years for
extract (S. dryer) and extract (R. evaporator) respectively.

Table 2. TG-isothermal data and validity of the raw material at 30°C.

extracts degrade at high temperatures. The thermal
Samples Temp (°C) | Mass loss (%)
160 2.94
170 4.25
Extract
180 8.68
(S. dryer)
190 10.19
200 11.71
160 4.32
170 6.37
Extract
180 9.48
(R. evaporator)
190 11.77
200 12.13

Kinetic parameters

The results obtained by Arrhenius equation application
showed the zero order for all samples evaluated by the
derived method (Table 3). The activation energy values (£,)
were different between extract (S. dryer) and extract (R.

Degradation
Constant (s™)
249 x 107
242 %107
235 %107
232 %107
229 %107
2.67 x 107
2.62 %107
2.59 x 107
2.55 %107
251 %107

Degradation time of 5% of the mass
at 30°C (Year)

1.136

0.768

evaporator) in the air atmosphere. The dry extract through
spray dryer showed lower activation energy than dry extract
via rotary evaporator. In this case, the extract (S. dryer) are
more available to interact with the heat and required less
energy to initiate its chemical degradation process.

Table 3. Kinetic characteristics.

Arrhenius equation

Samples

Ea/KJ mol A/min”
Extract (S.dryer) 112.33 £1.08 1.04 x 10°
Extract (R. evaporator) 146.19 £2.51 2.48 x 10°

Differential thermal analysis

DTA curves showed two exothermic peaks for all samples,
described in terms of temperature and enthalpy (Table 4).
The peaks provide differences in terms of released heat
between the samples. In all samples, the second peak
occurred near to 500°C and presented higher values of
enthalpy than the first. Were observed that extract (S. dryer)
presented lower enthalpy comparing with extract (R.
evaporator). According to the data analysis is possible to
specify each sample considering the released heat.
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Table 4. DTA exothermic peaks.

First peak Second peak
Sample . .
Tpeac (°C)  Enthalpy (Jg7)  Tpear (°C) Enthalpy (J g7)
Extract (S.dryer) 321.45 1,167.41 497.9 2,617.94
Extract (R. evaporator) 319.27 1,343.26 495.3 3,235.48

Pyrolysis coupled to gas chromatography interfaced with
mass spectrometry

The molecules identified as degradation products through
retention time when evaluated semi-quantitatively in relation
to their peak areas demonstrate percentage variations
between different samples for all measured temperatures
(Figure 3). The main molecules released during the stages
of thermal degradation and its relative area percentages are
shown in (Table 5). To calculate the percentage of the
relative area of peaks matching to molecules was considered
the sum of the areas of all peaks analyzed as 100%. In all
extract samples, we identified 47 different molecular
fragments. Of these, the main compounds identified were 2-
furanmethanol (CsH¢O,) at 3.96 min, phenol-2-methoxy

(C;Hg0,) at 5.52 min, limonene (CoH¢) at 6.10 min, oleic
acid (C;gH340,) at 16.06 min, palmitic acid (C,¢H3,0,) at
16.54 min, linoleic acid (C,gH3,0,) at 17.69 min, 8,11,14-
eicosatrienoic acid (CyH340,) at 18.37 min, stearic acid
(CgH360,) at 21.45 min, flavone 4-OH, 5-OH, 7-di-O-
glucoside (Cy7H30045) at 26.38 min, at the temperature of
500°C (Figure 3). At 250°C were identified 2,6
dimethoxyphenol (CgH¢0;) at 9.46 min, 2,6, oleic acid
(C18H3402) at 16.05 min, linoleic acid (C18H3402) at 17.67
min, palmitic acid (CisH3,0,) at 20.41 min and vitamin E
(Cy9H500,) at 27.23 min (Figure 3). These molecules remain
intact in lower temperature to higher, however, the linoleic
acid, oleic acid and palmitic acid were observed in all
samples at 250 and 500°C.

150 .

- Extract (S. dryer)
100 -

50 -
150 '

500 °C

. Extract (R.
100 +

T

vaporator)

500 °C

. Extract (S.
£100

dryer)

(4))
o
T

150 '

250 °C

100 -
50 -

. Extract (R. vaporator)

250 °C

10

Retention time (min)

20 30

Figure 3. K. africana fruit extract pyrograms under 250 and 500°C.
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Table 5. Main compounds identified at 250 and 500°C.

Extract (S. dryer)

T/°C Compounds
Area
2-Furanmethanol 8,003,153
Flavone 15,363,931
Linoleic acid 12,791,578
Oleic acid 13,028,632
500 Palmitic acid 15,225,573
Phenol, 2-methoxy 10,246,887
Stearic acid 12,938,073
Limonene 2,429,388
Eicosatrienoic acid 822,086
2,6 Dimethoxyphenol 18,465,120
Linoleic acid 22,524,419
250 Oleic acid 11,373,482
Palmitic acid 12,067,302
Vitamin E 6,675,191

Anti-inflammatory activity

Denaturation of tissue proteins is one of the well-
documented causes of inflammatory diseases. Production of
auto antigens in certain arthritic diseases may be due to
denaturation of proteins in vivo [22,23]. Agents that can
prevent protein denaturation therefore, would be worthwhile
for anti-inflammatory drug development [24].Thus the in
vitro anti-inflammatory effect of KAFE was evaluated
against denaturation of egg albumin and the results are
shown in Table 6. The present findings exhibited a
concentration dependent inhibition of protein (albumin)
denaturation by KAFE throughout the concentration range of
100 to 1000 pg/mL. Diclofenac sodium (100 pg/mL) was
used as reference drug which also exhibited concentration

Extract (R.evaporator)

% Area %
8.81 5,139,027 6.92
16.91 8,203,426 11.05
14.08 14,192,429 19.12
14.34 9,052,615 12.19
16.76 16,210,655 21.84
11.28 8,245,922 11.11
14.24 9,561,337 12.88
2.67 2,658,721 3.58
0.90 976,133 1.31
25.97 15,631,162 22.42
31.68 19,243,289 27.60
16.00 12,092,774 17.34
16.97 13,853,268 19.87
9.39 8,902,578 12.77

dependent inhibition of protein denaturation. The effect of
extract (1000 pg/mL) was significantly greater (p<0.05) than
diclofenac sodium (100 pg/mL). Similar results were
observed by Umapathy et al. [22]. It has been reported that
one of the features of several non-steroidal anti-
inflammatory drugs is their ability to stabilize (prevent
denaturation) heat treated albumin at the physiological pH
(pH=6.2-6.5) [25]. The major constituents of KAFE are
polyphenolic compounds like flavonoids and tannins,
because these compounds have been affecting the function
of T-cell, mast cell and enzyme systems involved in immune
response and inflammatory process generation, such as
inhibition of NF-kB activation, iNOS expression and COXs
[26], however, the effect may be due to the synergistic effect
rather than single constituent.

Table 6. Effect of K. africana fruit extracts on protein denaturation.

Concentration (ng/mL)

%o Inhibition

Diclofenac S. dryer R. evaporator
Control - - -
100 88.54+£3.42 23.52 +£2.06 21.09 £3.31
250 - 43.85+£2.26 45.71 £4.82
500 - 67.32+1.47 65.93£2.73
750 - 86.87 +2.63 84.82 £1.59
1000 - 93.83 +1.85 92.16 £2.34

Schistosomicidal activity
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K. africana extract had no effect on mortality or oviposition
in S. mansoni mating. In PZQ (positive control group), the
mortality was 80% for male and 60% for female, and

Cuinica LG, Muchave GD & Taju SG

oviposition inhibition was 100%. DMSO (negative control)
did not kill the parasites and did not inhibit oviposition
(Figures 4 and 5).

90 -

o))
o
|

Mortality (%)

O Male (%)

M Female (%)

KAFE

PZQ

DMSO

Figure 4. Effect of K. africana fruit extract on S. mansoni mortality (PZQ — positive control and DMSO — negative control).

1800 -

HH

1200

600 -

No. eggs

HH

KAFE

PZQ DMSO

Figure 5. Effect of K. africana fruit extract on parasites oviposition (PZQ — positive control and DMSO — negative control).

CONCLUSION

A Through the thermal analysis we have recorded that the
mass loss of K. africana extracts depends on the
physicochemical characteristics of the sample. The dry
extract through spray dryer showed higher thermal stability
than extract (R. evaporator) and take longer time for
degradation of 5% of the mass at room temperature. For
technological production of phytotherapics, the extract (S.
dyer) showed better properties than extract (R. evaporator).
The extracts showed the anti-inflammatory effect acting
against protein denaturation; however, for schistosomicidal
activity it was not active. These results suggested that K.
africana extract dried through the spray dryer could be
potential candidates for the technological production of
phyto therapeutic drugs.
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