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ABSTRACT

Campsis grandiflora (Bignoniaceae) is a fast-growing deciduous climber, native to central and southern China. The dried
flowers have been used as a carminative, blood tonic, and febrifuge in Chinese traditional medicine. This plant has an anti-
inflammatory, anti-oxidant, anti-depressant, and anti-bacterial effect, beneficial in stagnant blood and endometriosis. In this
study, the detection of lupeol and acetoside was performed using thin layer chromatography (TLC) and high-performance
liquid chromatography (HPLC); while the isolation done by preparative layer and column chromatography using hexane
and butanol extract of Iraqi C. grandiflora flowers. Spectral analysis by Fourier-transform infrared spectroscopy (FTIR) and
Nuclear magnetic resonance (NMR) was done for the two isolated phytochemicals. Furthermore, the anti-inflammatory activity
of total ethanolic extract and one of the isolated compounds (acetoside) was assessed using an egg-albumin induced acute
inflammation and formalin-induced subacute and chronic inflammation within mice model, compared with diclofenac. The
results showed that the hexane and butanol extract of Iraqi C. grandiflora flowers contain lupeol and acetoside, respectively,
and from our knowledge, this is the first novel study that suggested the presence of lupeol in the C. grandiflora flowers extract.
Moreover, the total extract of this plant possesses a moderate anti-inflammatory activity against the acute inflammatory model
and an excellent anti-inflammatory activity against the subacute and chronic inflammatory models. In conclusion, the anti-
inflammatory effect of Iraqi C. grandiflora total extract attributed partly to caffeic acid derivatives, i.e., acetoside, and other
phytochemicals such as terpenoids produce an additive or synergistic effect with acetoside.
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INTRODUCTION

Campsis grandiflora (Bignoniaceae) is a fast growing deciduous
climber native to central and southern China; its flowers are
hermaphrodite, curled, and bright orange-red. This plant blooms
for about eight months, between the last week of March and
the second week of October.! Flowering of C. grandiflora plant
belongs to the cornucopia pattern, in which a large number
of plant flowers are produced in each inflorescence for about
several months, and this flowering pattern is considered
generalized phenology of Bignoniaceae family.?

In Chinese traditional medicine, the dried flowers of
this plant, also known as “aborticide” in chinese folk, have
been used as a carminative, blood tonic, febrifuge, and
depurative diuretic. Rheumatoid pains and menstrual problems
exacerbated by blood stagnation, swelling breast after
childbirth, rubella, bleeding rectum, and diabetes have been

treated with a decoction of these flowers.>* C. grandiflora was
reported to have several active compounds e.g., polyphenols
and terpenes. Apigenin and luteolin belong to the flavonoid
type of polyphenols, while caffeic acid, acetoside, and
leucosceptoside belong to the non-flavonoid type polyphenols
were reported in the plant flowers.>>”” Among the terpenes,
oleanolic acid, ursolic acid, Arjunolic acid, Corosolic acid,
etc., were reported in the plant flowers.® C. grandiflora flowers
have several pharmacologic activities e.g. cellular protection
and anti-oxidant effect,® anti-inflammatory effect,’ anti-
depressant effect,’ with a beneficial role in stagnant blood, and
endometriosis conditions.’

The objective of this study was detection and isolation of
the lupeol and acetoside present in the Iraqi C. grandiflora
flowers with the evaluation of the anti-inflammatory effect of
total extract and isolated acetoside.

*Author for Correspondence: dr.bahirrazzaq@uomustansiriyah.edu.iq
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MATERIALS AND METHODS
Plant Material Collection

Flowers of C. grandiflora were collected from Baghdad,
hay Aljamea'a in July 2020. A professional taxonomist
authenticated the plant material at the College of Sciences,
University of Baghdad. Flowers were separated from the rest
of the plant and washed thoroughly. It was then dried under
shade conditions at room temperature for seven days. After
that, the dried flowers were ground in a mechanical grinder
and finally stored in a glass container at 4°C.

Chemicals and Reagents

Lupeol and acectoside standards were purchased from
Changdu Biopurify; hexane, ethanol, acetone, butanol, and
formaldehyde solution 37% were obtained from Sigma Aldirch.
Diclofenac sodium injection was purchased from Acino;
Ovalbumin(powder) was supplied from Research Product
International. Ethyl acetate, methanol, chloroform, and toluene
were supplied from Alpha Chemika.

Preparation of Extract for the Detection and Isolation of
Phytochemicals

Powdered plant (100 g) was extracted by soxhlet apparatus
with n-hexane (1200 mL) till exhaustion. The extract was
dried using a rotary evaporator, weighted, and labeled
as hexane extract (HE). The defatted plant material was
further extracted with ethanol 80% (1200 mL). The extract
was concentrated using a rotary evaporator and dry at room
temperature, weighted, and labeled as ethanol extract (EE).
The ethanolic extract was dissolved in (40 mL) of distilled
water and partitioned with n-butanol (5x100 mL). The
upper layer was collected, dried by rotary evaporator, then
labeled as Butanol Extract (BE) while the lower layer was
discarded."’

TLC Analysis

An aliquot of hexane extract dissolved in about 2 mL of hexane
then applied on analytical TLC plate against standard lupeol,
and developed in the following mobile phases (MP):'"14

* MPI: Aceton:hexane (1:3)

* MP2: Hexane:ethyl acetate (7:2)

*  MP3: Toluene:chloroform:ethyl acetate (5:4:1)

e MP4: Chloroform:acetone (9:1)

The plates were sprayed with anisaldehyde-sulphuric acid
reagent allowed for the detection of distinct spots. Moreover,
an aliquot of butanol extract dissolved in 2 mL of absolute
methanol, then applied on analytical TLC plate against
standard acetoside, and developed in the following mobile
phases.!>18
*  MPS5: Methanol :ethyl acetate:water (16.5:100:13.5)

* MP6: Ethyl acetate:water:formic acid: acetic acid

(100:18:10:10)

e MP7: Methanol: ethyl acetate:water (17:90:10)

*  MPS8: Methanol :ethyl acetate:water (15:77: 8)

The detection of separated spots was done under uv light (254,
366 nm).

HPLC Analysis

One milligram from hexane extract and standard lupeol was
dissolved separately in HPLC grade methanol (1-mL) using a
mobile phase consisting of acetonitrile:methanol (70:30, v/v).
The flow rate was 1-mL/min, and the detector was monitored at
210 nm."” Moreover, (1 mg) from butanol extract and standard
acetoside was dissolved separately in HPLC grade methanol
(I-mL) using a mobile phase 20% aqueous phosphoric acid
solution (0.1%) and 80% acetonitrile:methanol (2:3, v/v) at
330 nm.*°

Isolation of Phytochemicals

Hexane extract (1.5 gram) was dissolved in hexane and
conducted on preparative layer chromatography (PLC) plates
against standard lupeol®! and developed in MP2 mobile
phase.!® The detection was done by spraying the plates’ side
with anisaldehyde-sulphuric acid reagent followed by heating.
The bands at R;= 0.5 were scraped off and the scrapped silica
was then eluted with warmed hexane. The purity of the C1
compound was confirmed by analytical TLC using the MP4
mobile phase. Furthermore, The C2 compound was isolated
from butanol extract by column chromatography (CC).
The stationary phase used in CC was silica gel mixed with
MP7 mobile phase'® making a slurry. The silica gel slurry
was packed in a glass column, then (2.9) gram of butanol
extract was dissolved in methanol and gradually added to the
slurry. The eluent (MP7) poured continuously on the column,
each fraction collected from the column was examined by
analytical TLC against standard acetoside using the same
mobile phase. Fractions containing C2 spot were combined,
dried, dissolved in absolute methanol, and purified by PLC
plates using the MP5 mobile phase.'* The bands at Rf = 0.4
appear under UV light (254,366 nm) were scrapped off, then
eluted with methanol. The purity of the C2 was confirmed by
analytical TLC using the MP6 mobile phase.

Spectral Analysis of the Isolated Compounds

Each isolated compound was subjected to different spectral
analysis, e.g., FTIR and NMR.

The Anti-inflammatory Assay
Preparation of Extract for the Anti-inflammatory Assay

Powdered plant material (100 g) was extracted with 1200 mL
of 80% ethanol by soxhlet apparatus. The ethanolic extract was
dried by rotary evaporator, weighted, labeled as total extract
(TE) and stored at 4°C.%’

Pilot Study for Dose Determination

Ten male mice were randomly divided into five groups, two

animals each

* The first group (negative control): received N/S 10 mL/kg
ip.2?

* The second group (positive control) : received diclofenac
5 mg/kg in N/S i.p.

* Thethird group (low dose extract group) : received 100 mg/kg
TE in N/S i.p.

e The fourth group (medium dose extract group): received
200 mg/kg TE in N/S i.p.

1JDDT, Volume 11 Issue 4, October 2021 — December 2021

Page 1330



Isolation of Novel Lupeol and Acetoside from C. grandiflora, and its Anti-inflammatory Effects

 Thefifth group (High dose extract group): received 300 mg/kg
TE in N/S i.p.

Sixteen minutes later, the paw thickness was measured
using a digital vernier caliper. Following that, 20 pL of 1%
formalin was injected into the plantar area of the right hind
paw in order to stimulate inflammation.?? The paw thickness
was measured at 60 minutes interval for 4 hours period,?
and the ability of the drug to inhibit the formed oedema was
represented as a percentage of inhibition of paw oedema, and
this was estimated using the formula below: 2

Vo
%4 of inhibition = [1 - —] =% 100
Ve
V1 mean odema of positive control or treatment groups, Vc:
mean odema of negative control group

The pilot study results (Figure 1) revealed that the high dose
extract group exhibited high anti-inflammatory activity among
other extract groups. So 300 mg/kg of total C. grandiflora
flower extract was considered an effective dose in the main
experiment.

Study Design

Thirty-two male mice have been divided into four groups,

eight animals each.

* The first group (Negative control): Received N/S 10 mL/kg
ip.2?

* The second group (Positive control) : Received diclofenac
5 mg/kg dissolved in N/S i.p.**

* The third group (Total extract group) : Received 300 mg/kg
total extract dissolved in N/S i.p.

» The fourth group (Acetoside group): Received 25 mg/kg of
the isolated acetoside in N/S i.p.?

Sixteen minutes later, the paw thickness was measured
using a digital vernier caliper. The induction of acute
inflammation has been done by injecting 0.1 mL of egg albumin
(ovalbumin 1% w/v in normal saline®®) in the plantar surface of
the right hind paw. The paw thickness was measured after 1 to
4 hours.?* The induction of sub-acute and chronic inflammation
has been done by injecting 20 uL of formalin® (1% v/v in N/S)
in the plantar area of the right hind paw. The paw thickness was
measured at 1.5, 24, and 48 hours in sub-acute inflammatory
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Figure 1: Pilot study for Iraqi C.grandiflora dose determination.

model,?® and measured after six consecutive days in chronic
inflammatory model.”’

Statistical Analysis

Analysis of data was done using the Statistical Packages for
Social Sciences- version 16 (SPSS-16.0). Moreover, the anti-
inflammatory assay’s significance in different means was
established using a t-test and one-way analysis of variance
(ANOVA) followed by the post-hoc Tukey test.

RESULTS AND DISCUSSION
TLC Results

This is the first study that suggested the presence of lupeol
in the hexane extract of C. grandiflora flowers. This result
is a consequence of matching the R; values of both lupeol
and compound 1(C1) spots in four mobile phases. Phenyl
propanoid such as acetoside was previously isolated from
C. grandifilora flower extract; and the results of TLC
analysis was indicated the existence of acetoside in the Iraqi
C. grandiflora butanol extract, as shown in Table 1 and Figure 2.

HPLC Results

The results revealed the presence of lupeol in hexane extract
in which the peak with a retention time 4.34 minutes in the
hexane extract, was matched the peak of standard lupeol
with a retention time of 4.68 minutes. Moreover, the peak at

Table 1: TLC results

Mobile phase  The Ryvalue of Cl in The Ry value of standard
hexane extract lupeol

MP1 0.54 0.56

MP2 0.48 0.49

MP3 0.61 0.62

MP4 0.81 0.81

Mobile phase  The Ryvalue of C2in  The R, value of standard
butanol extract acetoside

MP5 0.50 0.53

MP6 0.75 0.77

MP7 0.55 0.55

MP8 0.83 0.83

Figure 2: Analytical TLC for Iraqi C.grandiflora flowers extract:
(I) TLC for butanol extract and acetoside standard under 254 nm,
(II) TLC for butanol extract and acetoside standard under 366 nm, (11I)
TLC for the hexane extract and lupeol standard (A) C2 spot,

(B) standard acetoside spot, (C) C1 spot, (D) standard lupeol spot
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7.404 minutes in the HPLC chromatogram of butanol extract
matched the peak of standard acetoside at 7.04 minutes and
this revealed the existence of acetoside in butanol extract of
Iraqi C. grandiflora flowers.

Isolation of Phytochemicals

Hexane extract of C. grandiflora flowers was applied on PLC
plates to give 40 mg (2.66 % w/w) of C1. Furthermore, butanol
extract was subjected to silica gel CC, affording forty fractions.
Fractions that contained the C2 spots, i.e.fraction 5 to 22, were
combined, dried, and purified on PLC plates to give 100 mg
of C2 (3.44 % w/w), as shown in Figure 3.

Spectral Analysis of the Isolated Compounds
Fourier Transform Infrared Spectrometry (FTIR) Results

The wavenumbers of the isolated compound(Cl)showed
a characteristic broad peak at 3360 to 3443 cm™' that
proved the O-H group with peaks at 3014 and 1637 cm’,
which established the presence of sp® hybridized carbons.
Meanwhile, The wavenumbers of the isolated compound
(C2) showed a characteristic broad peak at 3271 to 3562 c¢m’!
that approved the O-H groups with a peak at 1699 cm™!
which confirmed the presence of the carbonyl group.
Moreover, the aromatic carbons were confirmed by a stretching
vibration at 1626 and 1498 cm™. These results were verified by
comparing the wavenumbers with standard lupeol and acetoside
and with the reported literature,>*3! as in Figure 4.

Nuclear Magnatic Resonance (NMR) Results

In the 'THNMR spectrum of isolated C1, the chemical shifts
started at 0.66 ppm, corresponding to the hydrogens of

»

©

Figure 3: Isolation and purity confirmation of C1 and C2 compounds:
(1) PLC plate for isolation of C1, (1”) TLC plate for purity confirmation
of C1, (2) PLC plate for isolation of C2, (2’) TLC plate for purity
confirmation of C2 (A””)C1 spot, (A’) standard lupeol spot, (A) C2 spot,
(B) standard acetoside spot.

saturated hydrocarbons. The allylic protons were next, with
a chemical shift of 1.88 ppm. At 3.12, a proton adjacent to
the inductive effect can be seen. Finally, the vinylic protons
were shown at 4.55 and 4.69 ppm, as shown in Figure (5-1).
The chemical shifts in the *CNMR spectrum of the isolated C1
started at a range of 14.2 to 54.75 ppm which reflected carbons
of saturated hydrocarbons. Then, a chemical shift of 76.66
ppm was represented the carbon that adjacent to the hydroxyl
group. Finally, the chemical shifts at 109.53 and 150.06 ppm
were attributed to the vinylic carbons of the Cl, as shown in
Figure (5-11).

In the 'HNMR spectrum of isolated C2, the chemical shifts
started at 0.98 ppm, representing the hydrogens of saturated
hydrocarbons. The allylic protons were observed at 2.52 ppm,
and protons adjacent to the inductive effect can be seen at a
range of 3.62 to 5.54 ppm. Moreover, the vinylic protons were
shown at 6.24 and 7.50 ppm, and aromatic protons appeared
at a chemical shift of 6.5 to 7.04 ppm. Finally, at 9.2 and 9.61
ppm, the phenolic hydroxyl protons of the C2 were observed,
as shown in Figure 6-1.

Whileinthe *CNMR spectrumofthis compound (Figure 6-11),
the chemical shifts started at 18.03 ppm, reflecting carbons
of saturated hydrocarbons. Then, a chemical shift of 60.60 to
113.4 ppm has represented the carbons adjacent to a heteroatom.
The vinylic carbons of the C2 were observed at 114.58 and

\'/\/\,\
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Figure 4: The IR spectrum of the isolated compounds:
(I) C1 compound, (IT) C2 compound.
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Figure 5: The NMR spectrum of C1: (I) 'THNMR, (II) *CNMR
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Table 2: The effect of different treatment groups on egg albumin-induced acute inflammation

Mean change in paw thickness (mm) % of inhibition

Treatment groups 1 hour 2 hours 3 hours 4 hours 1 hours 2 hours 3 hours 4 hours
Negative control 326+0.075  3.48+0.039 3.53 £0.041 3.63 £0.037 - - - -

(N/S group)

Positive control 2.60+0.050 2.53 £0.059" 245+0.094™  232+0.079" 203 273 303 36.1
(Diclofenac 5 mg/kg)

Total extract group 2.90+0.026™ 2.81+0.078" 2.75+0.073"®  2.65+0.050° 11.1 19.4 22.3 27.2
(300 mg/kg)

Acetoside group 3.05+0.084° 2.92+0.095® 2.88+0.076°  2.76+0.062"® 6.5 16.5 18.4 24.1
(25 mg/kg)

Each value represents the mean + SEM for 8 animals; *:indicate significant difference(p < 0.05) as compared with negative control;non-identical
superscript letters (a,b) indicate statistically significant difference (p < 0.05) among groups.

~dasn
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Figure 6: The NMR spectrum of C2: (I)'HNMR, (IT) '3*CNMR

143.42 ppm since the latter was adjacent to the inductive effect.
Finally, aromatic carbons and the carbonyl group can be seen
at 115.3 to 148.32 and 165.56 ppm, respectively. These results
were confirmed by comparing the chemical shifts of the C1
and C2 with the reported literature.’%

The different chromatographic techniques and various
spectral analysis proved that the compound 1 and 2 were lupeol
and acetoside, respectively.

The Anti-inflammatory Assay
Acute Inflammatory Model

The freshly prepared egg-albumin solution has been used as
an odematogenic agent since it is widely used for evaluating
the anti-inflammatory activity of drugs.*>** Egg-albumin
stimulates the release of serotonin, histamine, or bradykinin,
resulting in local edema and subsequently leading to acute
inflammation.** Table 2 showed no significant difference
between the total extract and the isolated acetoside groups,
and the positive control group significantly differed from these
groups all over the experiment.

Subacute and Chronic Inflammatory Models

Both models have used formalin as a phlogistic agent since it
produces more continuous inflammation than other agents.*
In subacute inflammatory models, all treatment groups (Table 3)
were significantly differ (p<0.05) as compared with negative
control. In addition to that, there is no significant difference in

the paw thickness at 1.5 and 24 hours post formalin injection
of the total extract and acetoside groups. Meanwhile, at
48 hours post formalin injection, there was a significant
difference between these groups. Moreover, the total extract
group was non-significantly different from positive control at
48 hours post-induction of sub-acute inflammation.

These findings explained as the anti-inflammatory effect
of Iraqi C. grandiflora total extract was increased during the
time, then became prominent and proximal to the positive
control at 48 hours post formalin injection.

In chronic inflammatory model, the treatment with
C. grandiflora total extract, acetoside, and positive control was
significantly amilorate formalin-induced chronic inflammation
compared with negative control (p<0.05), asillustrated in Table 4.
Both diclofenac and total extract produced a comparable
effect on formalin-induced paw edema in which no significant
difference was detected between these groups. Moreover,
there was a significant difference (p<0.05) in paw thickness
of the acetoside group after 6 days of treatment compared to
diclofenac and total extract groups; this means that the anti-
inflammatory effect of acetoside was lower than that of both
groups.

The different animal models showed that Iraqi C. grandiflora
total extract possesses a moderate anti-inflammatory activity
against the acute inflammatory model and an excellent
anti-inflammatory activity against the subacute and chronic
inflammatory models, compared with diclofenac. Diclofenac
sodium was chosen for this study as reference drug since
itis commonly used in clinical practice to treat inflammatory and
postoperative conditions and chronic cancer pain.**Moreover,
these results were in agreement with another study in which
the C.grandiflora total ethanolic extract has topical anti-
inflammatory activity through inhibition of arachidonic acid
and 12-O-tetradecanoylphorbol 13-acetate (TPA)-induced ear
edema in the animal model, compared with prednisolone.??

The findings of the in vivo anti-inflammatory tests
suggested that the anti-inflammatory effect of Iraqi
C.grandiflora total extract attributed partly to caffeic acid
derivatives, i.e., acetoside, and there are other phytochemicals
such as terpenoids produces an additive or synergistic effect
with acetoside and consequently produced this excellent
activity. Many reports suggested a strong anti-inflammatory
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Table 3: The effect of different treatment groups on formalin-induced subacute inflammation

Mean change in paw thickness (mm) % of inhibition

Treatment groups 1.5 hours 24 hours 48 hours 1.5 hours 24 hours 48 hours
Negative control 3.32+0.059 3.02+0.072 2.97+0.070 - - -

(N/S group)

Positive control 2.57+0.036™ 2.28+0.058™ 2.23+0.026™ 22.6 243 24.8
(Diclofenac 5 mg/kg)

Total extract group 2.88+0.044° 2.58+0.061° 2.35+0.050™ 13.2 145 21.1
(300 mg/kg)

Acetoside group 2.98 +£0.074° 2.67+0.079™ 248 +£0.029™ 10.2 11.6 16.5

(25 mg/kg)

Each value represents the mean+SEM for 8 animals ; *:indicate significant difference(p < 0.05) as compared with negative control ; non-identical
superscript letters (a,b) indicate statistically significant difference (p < 0.05) among groups.

Table 4: The effect of different treatment groups on formalin-induced chronic inflammation

Treatment groups

Mean change in paw thickness at day 7

% of inhibition

Negative control (N/S group) 3.03 +0.084

Positive control (Diclofenac Smg/kg) 2.33+£0.041% 23.1
Total extract group (300 mg/kg) 2.41+0.035™ 20.6
Acetoside group (25 mg/kg) 2.53+0.037" 16.5

Each value represents the mean+SEM for 8 animals ; *:indicate significant difference(p < 0.05) as compared with negative control ; non-identical
superscript letters (a,b) indicate statistically significant difference (p < 0.05) among groups.
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