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ABSTRACT

Hygrophila erecta (Burm.f.) Hochr. belonging to the Acanthaceae family, is a moisture loving
genera and a perennial herb whose seeds are used as a skin-regenerating product. The
concentrated ethyl acetate soluble fraction of methanolic extract of this whole plant resulted in
a mixture of 4-methoxybenzoic acid and 4-methoxycinnamic acid, another mixture of two ester
derivatives: methyl linoleate and methyl stearate, lupeol, B-Sitosterol and Stigmasterol. The
crude methanolic extract of the whole plant was partitioned to petroleum ether soluble fraction,
chloroform soluble fraction, ethyl acetate soluble fraction and aqueous soluble fraction for the
purpose of investigations of different biological activities. The ethyl acetate soluble fraction
expressed the highest antioxidant property in DPPH free radical scavanging method, whilst the
different extractives exhibited moderate to strong cytotoxicity in brine shrimp lethality test and
the highest activity was shown by pet ether soluble fraction. Furthermore, the pet ether soluble
fraction also demonstrated highest thrombolytic activity compared to the standard
streptokinase, while the other fractions showed moderate to lower activity. However, no
antimicrobial activity was observed for any of the fractions investigated using standard
tetracycline and ciprofloxacin. The methanolic extract further produced statistically significant
peripheral analgesic and antidiarrheal activity at both 200 mg/kg and 400 mg/kg doses.
Although, it expressed blood glucose lowering activity, but it was not statistically significant.
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INTRODUCTION

Preliminary considerations

Traditionally medicinal plants have been used in the preparation of synthetic medicines, even
currently in developing world; about 25% of ingredients in the prescribed modern medicine are
derived from extracts of medicinal plant 1. Acanthaceae is a large family of dicotyledonous
flowering plants including about 4300 species and 346 genera all over the world. Family
Acanthaceae is a large family of herbs, shrubs or twining vines and some are epiphytes of
flowering plants and made it among the top 12 most diverse families of flowering plants in all
over the world. It is composed of mainly annual and perennial erect, prostrate or rarely
climbing, herbs, shrubs, under shrubs, perennial climbers and rarely small trees. However, it
also includes some large trees 2. This family contributes to diverse secondary metabolites, such
as alkaloids, phenols, antraquinones, benzamides, coumarin, terpenoids, tannins, flavonones,
cardiac glycosides, saponins, carbohydrates, flavonoids and proteins that have many
therapeutic uses. Its native range is Indian Subcontinent to China (Yunnan, Guangdong) and
Philippines 3.

Hygrophila erecta (Burm.f.) Hochr. in Acanthaceae family was collected from Jahangirnagar,
Savar, Bangladesh in March 2018 an identified at the Bangladesh National Herbarium by an

expert taxonomist (accession no: DACB 46002).
MATERIALS AND METHOD

General experimental procedures

TLC aluminum plates (20x20 cm) pre-coated with silica gel 60F254 were used for qualitative
work, also preparative TLC was conducted on Silica gel 60 PF254 (0.5 mm thickness, Merck)
coated glass plates and vanillin H2SO4 spray reagent were used for purification and detection
purpose. Sephadex LH-20 was used to perform gel permeation chromatography. Proton
Magnetic Resonance (*H NMR) was recorded on Brucker (400 MHZ) instrument. The spectra
were obtained using deuterated solvent (CDClIs).

Extraction and isolation of the plant material

The collected whole plant (1026.89 of powdered plant materials) of Hygrophila erecta
(Burm.f.) Hochr. was soaked in a bottomed flask (5 liters) with 3.5 liters of methanol by cotton
plug and aluminum foil and was kept for a period of one month with occasional shaking and
stirring. Then the whole mixture was filtered with cotton and volume of filtrate was reduced
using a Buchii Rotary Evaporator at low temperature (40°C) and pressure. After that the filtrate
was kept for drying to become dry crude extract. After proper drying, the crude extract was
dissolved in distilled ethyl acetate and the ethyl acetate fraction was separated by taking the

supernatant portion of the mixture. This was done for several times to have the proper amount
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of ethyl acetate fraction of crude extract. Meanwhile, the final dried ethyl acetate soluble
fraction of crude extract was 19.6g, which was then subjected to VLC on silica gel 60H, whilst
developed 35 VLC fractions due to increasing the solvent system (non-polar to polar) from
hexane to methanol. Upon TLC nature, these VLC fractions again allowed for gel permeation
chromatography and preparative TLC for final extraction of the detected compounds.
Compound 1 (HE-167)

Compound 1 (HE-167) was isolated as colorless crystals from VLC fraction 16-18, which
further undergone gel permeation chromatography with Sephadex LH-20 followed by
preparative TLC using ethyl acetate: toluene= 20: 80 solvent systems. It also expressed
quenching spot on TLC plate upon UV visualization (254 nm), but no color upon spraying
vanillin sulphate and heating. The *H NMR (400 MHz, CDCls) data of compound 1 represents
87.98 (2H, d, J = 8.8 Hz, H-2,6), 66.87 (2H, d, J = 8.8 Hz, H-3,5), 67.46 (2H, d, J = 8.8Hz, H-
2,6), 86.87 (2H, d, J = 8.8Hz, H-3,5), 67.66 (1H, d, J = 16 Hz, H-7), 66.33 (1H, d, J = 16 Hz,
H-8), 63.91 (3H, s, OMe-4) and 3.82 (3H, s, OMe-4).

Compound 2 (HE-57)

Compound 2 (HE-57) was derived from VLC fraction 5, whilst purified by preparative TLC
using toluene: hexane=30: 70 as solvent systems and quenching spot upon UV visualization
(254 nm) and no color upon spraying vanillin sulphate, but turns black upon heating at 110 °C
for 2 mins. The *H NMR (400 MHz, CDCls) data of compound 2 expressed §2.31 (t, J = 6.6
Hz, H-2), §1.61 (m, H-3), §1.25-1.30 (8H, m, H-4 to H-7), §1.25-1.30 (28m, H-4 to H-17),
62.03 (m, H-8), 85.35 (4H, m, H-9,10,12,13), 62.78 (m, H-11), $2.03 (m, H-14), 61.25-1.30
(6H, m, H-15,16,17), 50.89 (m, H-18), 63.66 (3H, s, O-CH3-18).

Compound 3 (HE-100)

Compound 3 (HE-100) was collected from VLC 10-11 and further gel permeation
chromatography fraction 19 as pure colorless crystals. It was not observed on UV visualization
(254 nm), but upon spraying with vanillin sulphate it expressed purple color and turns black
upon heating at 110 °C for 2 mins.

The *H NMR (400 MHz, CDCls) data of compound 3 showed 83.20 (dd, J=11.2 Hz,4.8 Hz,
H-3), 62.39 (m, H-19), 50.98 (3H, s, H-23), 50.85 (3H, s, H-24), 61.05 (3H, s, H-25), 50.81
(3H, s, H-26), 60.78 (3H, s, H-27), 80.99 (3H, s, H-28), 64.65 (br. s, H-29), 34.65 (br. s, H-29),
61.70 (3H, s, H-30).

Compound 4 (HE-130)

Compound 4 (HE-130) was obtained as a pure colorless needle like crystals from VLC fraction
13, which had no quenching spot upon UV visualization (254 nm) on TLC plate and no color
upon spraying vanillin sulphate, but turns dark brown upon heating at 110 °C for 2 mins. The
!H NMR (400 MHz, CDCls) data of compound 4 expressed 83.55 (m, H-3), §5.37 (d, J=5.2
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Hz, H-6), 80.72 (s, H-18), 81.03 (s, H-19), 60.94 (d, J=6.4 Hz, H-21), 65.04 (1H, dd, J=15.2
Hz, 8.4 Hz, H-22), 65.18 (1H, dd, J=15.2 Hz, 8.8 Hz, H-23), 50.82 (d, J=6.8 Hz, H-26), 50.87
(d, J=6 Hz, H-27) and 80.85 (t, J=7.5 Hz, H-29).

Biological design

The crude extract (5gm) was used for the preparation of sample for biological investigation.
Here, a protocol was followed, designed by Kupchan and modified by VanWanenen*. The
sample was dissolved in 10% aqueous methanol solution and then extracted with petroleum
ether, chloroform, ethyl acetate and finally with water by using separating funnel.

For In-vivo test, swiss albino mice (weighing 15-25g) were obtained from the animal house,
Jahangirnagar, Bangladesh. All animal sample were housed in proper cages with adequate
lighting and ventilation. All experimental studies were conducted following the ethical
guidelines of laboratory animal care and appropriate permissions obtained from the relevant
authorities of the State University of Bangladesh prior to commencing the experiments.
Antioxidant activity

The antioxidant activity was assessed by using DPPH method developed by Brand-Williams
et al°. Here the antioxidant potential was evaluated from the bleaching of purple colored
methanol solution of DPPH radical by the plant extract as compared to that of Butylated
Hydroxyl Toluene (BHT) by UV spectrophotometer.

Brine shrimp lethality bioassay

In order to determine the cytotoxic activity of the sample, a method was selected described by
Meyer et al with slight modification® and vincristine sulphate was used here as the positive
control.

Thrombolytic activity

To study the clot lysis activity of the sample, Prasad et al method was followed’. Standard
streptokinase (100 pL) was used as positive control and water as negative control. Aliquots (5
ml) of venous blood was drawn from healthy volunteers without a history of anticoagulant
therapy and oral contraceptives.

Antimicrobial screening

A standard disc diffusion method was used for the evaluation of antimicrobial activity,
proposed by Bayer et al.8. Standard antibiotic (ciprofloxacin and tetracycline) discs and blank
discs were used as positive and negative control against two gram positive (Staphylococcus
aureus, Bacillus subtilis) and five gram negative (Shigella flexneri, Salmonella typhi,
Escherichia coli, Vibrio cholera, Pseudomonus aeruginosa) bacteria. All of the sample were
subjected to antimicrobial screening with a concentration of 400 pg/disc. The antimicrobial
potency of the test samples was than assessed by measuring the zone of inhibition.

Evaluation of analgesic activity
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Peripheral analgesic activity was evaluated by acetic acid induced writhing method designed
by Whittle °. As a standard drug, diclofenac sodium was used. The crude methanolic extracts
of the sample were introduced to analgesic testing at two different doses: 200 mg/kg and 400
mg/kg of body weight of experimental animal (mouse). The writhing count for each mouse was
recorded and the average count for each group was calculated. The percentage inhibition of
writhing was calculated with respect to the control.
Evaluation of antidiarrheal activity
The anti-diarrheal activity of the methanolic extract of Hygrophila erecta (Burm.f.) Hochr. was
evaluated using both 200 mg/kg and 400 mg/kg doses in mice developed by Shoba et al . In
this method, each mouse was fed with 1ml of highly pure analytical grade of castor oil which
would induce diarrhea. The numbers of fecal stools were recorded for each individual mouse.
The observations of the experimental groups were compared against that of the control to
evaluate the anti-diarrheal activity of the samples.
Evaluation of hypoglycemic activity
The methanolic extract of sample was investigated for the evaluation of oral hypoglycemic
activity with slight modifications of method as described earlier by Joy et al *. Both 200 mg/kg
and 400 mg/kg doses were examined and Glibenclamide was used as standard.
RESULTS AND DISCUSSION
Chemical investigation of Hygrophila erecta (Burm.f.) Hochr.
The successful chromatographic analysis and purification yielded four compounds and the
elucidated structures revealed as 4-methoxybenzoic acid and 4-methoxycinnamic acid (HE-
167), methyl linoleate and methyl stearate (HE-57), Lupeol (HE-100), B-Sytosterol and
Stigmasterol (HE-130) respectively.

3 2 O b 2 H
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4-methoxybenzoic acid, HE-167(A)

Methyl linoleiate (HE-57a) Methyl stearate (HE-57b)
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Lupeol, HE-100 B-Sitosterol, HE-130 (A)

Stigmasterol, HE-130 (B)

4-methoxybenzoic acid and 4-methoxycinnamic acid:

The 'H NMR spectral data of compound 1, HE-167 (A) indicated the presence of two doublets
(2H each) at 6 7.98 and 6.87 are assignable to aromatic protons H-2,6 and H-3,5; a singlet at &
3.9 represents the presence of methoxy group at position-4. This NMR data are closely in
agreement with those reported for 4-methoxybenzoic acid 2. Again, *H NMR spectral data of
HE-167 (B) indicated two doublets (1H each) at 6 7.66, 6.33 are evident of the presence of
trans-coupled protons H-7 and H-8 repectively of the cinnamoyl moiety. The two doublets (2H
each) at 6 7.98 and 6.87 corresponding to aromatic protons H-2,6 and H-3,5; which are in close
agreement to those observed for 4-methoxycinnamic acid 3. So, the identity of this compound
confirmed as a mixture of 4-methoxybenzoic acid and 4-methoxycinnamic acid. The
compound has been isolated for the first time from this plant.

Methyl linoleate and methyl stearate:

The 'H NMR spectrum of compound 2 (HE-57a) revealed the presence of eight proton
multiplet at & 1.25 to 1.30, the position and multiplicity indicative to 4-7 respectively. The
presence of four olefinic protons at 6 5.35 are assigned to position 9, 10 and 12, 13 and two
multiplets at 6 2.78 and 2.03 respectively. Whilst, it (HE-57b) also expressed one methylene
triplet at & 2.31 and one methylene multiplet at 6 1.61 in position 2 and 3 respectively. It also
revealed the presence of multiplets at 4-17 with 6 1.25 to 1.30. These features indicated that it
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would be a mixture of methyl linoleate and methyl stearate by compared with the compound
that was reported earlier . This was found to be first time reported against this plant.

Lupeol

Compound 3 (HE-100) was obtained as colorless crystals and its identity ensured as lupeol by
comparing the proton NMR data with those reported earlier for it *°. This compound has been
evaluated for the first time from this plant.

B-Sitosterol and Stigmasterol:

Compound 4 (HE-130) was obtained as a colorless needle like crystals. Its structure confirmed
as a mixture of B-Sitosterol and Stigmasterol by comparing the *H NMR features of HE-130
with those that was reported for the compound in Pateh et al ‘6. This compound has been found
to be first time reported from this plant.

Antioxidant activity:

Different organic fractions of methanolic crude extract of Hygrophila erecta (Burm.f.) Hochr.
were subjected to free radical scavenging activity by the method of Brand et al. The activities
of all fractions were evaluated in comparison with standard BHT, which has the 1Cso value 9.64
pg/ml. In this investigation, ethyl acetate soluble fraction showed significant free radical
scavenging activity with 1Cso value 13.58 pg/ml (Table 1).

Table 1: 1Cso values of the standard and test samples of Hygrophila erecta (Burm.f.)
Hochr.

Test sample ICso (g/ml)
Agqueous soluble fraction 27.76+0.17
Ethyl acetate soluble fraction 13.58+0.09
Chloroform soluble fraction 15.45+0.08
Pet ether soluble fraction 414.27+0.29

Standard tert-butyl-1-hydroxytoluene (BHT) 9.64+0.07
The data are displayed with mean £S.E.M.

Brine shrimp lethality bioassay:

In this investigation, pet ether soluble fraction (5.44 pg/ml) and aqueous fraction (7.70 pg/ml)
expressed good cytotoxic activity compared to positive control, vincristine sulphate (0.45
pg/ml) (Table 2).

Table 2: LCso values of test samples and standard

Test sample L Cso (ug/ml)
Aqueous soluble fraction 7.7038+0.19
Ethyl acetate soluble fraction 15.1786+11
Chloroform soluble fraction  41.5058+1.16
Pet ether soluble fraction 5.4412+0.12
Vincristine Sulphate 0.4510+0.03

The data are displayed with mean +S.E.M.
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Thrombolytic activity:

In this study, the pet ether soluble fraction of methanolic extract of Hygrophila erecta (Burm.f.)
Hochr. exhibited highest thrombolytic activity (14.40%). The aqueous soluble fraction and
chloroform soluble fraction showed moderate thrombolytic activity while ethyl acetate soluble
fraction has the lowest thrombolytic activity (Table 3).

Table 3: Thrombolytic activity (% of clot lysis) of standard and different test samples

Test sample % clot Lysis

Aqueous soluble fraction 15.11+1.1

Ethyl acetate soluble fraction 2.78+0.57

Chloroform soluble fraction  12.41+0.59

Pet ether soluble fraction 15.40+1.2

Streptokinase 17.82+0.99
The data are displayed with mean £S.E.M.

Antimicrobial Screening:

In this inspection, none of the organic fractions did not show any significant antimicrobial
activity as compared to the standard ciprofloxacin and tetracycline.

Evaluation of analgesic activity:

The writhing count for each mouse was recorded and the average count for each group was
calculated. The percentage inhibition of writhing was calculated with respect to the control.
The higher the inhibition percentage of the group, the greater is the group’s peripheral analgesic
activity. The result was statistically evaluated, and the t-test and p-values were determined in
comparison with Diclofenac sodium.

Table 4: Screening of analgesic activity and statistical evaluation

Animal group Inhibition t test P value Statistical significance
(%) value
Standard 80.65+0.25 25 0.0001 Extremely statistically significant

Dose at 200mg/kg 61.29+0.11 6.0083 0.0039 Very statistically significant
Dose at 400mg/kg 66.13+0.29 20.5 0.0001  Extremely statistically significant

Statistical evaluation of the data confirmed that both doses showed significant peripheral
analgesic activity with percent inhibition of writhing responses 61.29% (200 mg/kg) and
66.13% (400 mg/kg), respectively (Table 4). The results were expressed as means = S.E.M,
and analyzed for statistical significance using t-test. P values< 0.05 were considered significant.
Evaluation of antidiarrheal activity:

It has found that the methanolic extract of this plant exhibited statistically significant
antidiarrheal activity at both 200 mg/kg and 400 mg/kg of doses at different time (after 1hr,
2hr, 3hr and 4hr) (Table 5).
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Table 5: Screening of antidiarrheal activity

Animal group Inhibition (%)
Standard 69.70£0.53
Dose at 200mg/kg  72.73+0.95
Dose at 400mg/kg  66.67+0.62
The results were expressed as means + S.E.M, and analyzed for statistical significance using t-

test and p-values, where P values< 0.05 were considered significant.

Evaluation of hypoglycemic activity:

Although the methanolic extract of this plant has blood glucose lowering activity at both doses
of 200 mg/kg and 400 mg/kg of body weight of mice at different time (after 30mins, 60 mins,
120 mins), but it was found not to be statistically significant.

CONCLUSION

All of the compounds isolated and elucidated from the methanolic extract of ethyl acetate
soluble fraction of the whole plant of Hygrophila erecta (Burm.f.) Hochr. were first time
reported. Biological screening of different organic fractions also demonstrated significant
antioxidant and cytotoxic property. However, it expressed highest to moderate thrombolytic
property, whilst also expressed statistically significant analgesic and antidiarrheal activity.
Therefore, on the whole of its potential bioactivity, the plant material can be further being
studied extensively to find out their unexplored efficacy, which could be a target compound
for the development of new drug therapies.
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