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Abstract:  Blastocyst implantation which is analogous to pro-inflammatory response, mediated by different
inflammatory mediators and ovarian hormones found to be an effective target for the development of emergency
contraceptives. In the present study, a series of derivatives an anti-inflammatory natural scaffold, lupeol were
synthesized under mild reaction conditions and good yield. All the compounds were evaluated for acute anti-
inflammation. The three active compounds with 62-92% edema protection were screened for chronic anti-inflammation.
The analogue 3-(p-chlorocinnamoyl) lupeol (2) with potent anti-inflammatory activity (85% protection) was evaluated
for the anti-implantation activity by studying changes in superoxide dismutase (SOD) and lipid peroxidation (LPO)
levels, visualization of implantation site and anti-estrogenic activity. As expected, a sharp decrease in superoxide anion
radical and increase in SOD activity was seen in the endometrium of treated animals. Also no implantation sites were
observed in the uterus of treated animals. The active compound also exhibited anti-estrogenic activity.

Keywords: Lupeol; contraceptive; anti-inflammatory; blastocyst implantation; anti-estrogenic. © 2015 ACG
Publications. All rights reserved.

1. Plant Source

Emblica officinalis bark was collected from the Daskoi, Gujarat, authenticated and the voucher specimen
(NIPER-A/NP/0811/21) was deposited in the Dept. of Natural Products, NIPER-Ahmedabad.

2. Previous Studies

The population of India by March, 2011 was more than 1.21 billion and will be 1.65 billion by 2050
and will take over China [1]. Though several methods of contraception such as hormonal (levonorgestrel),
combined hormonal (oestrogen and progestogen) and the selective progesterone receptor antagonist
(mifepristone) etc are available, these steroidal drugs cause serious disorders such as hypertension,
myocardial infarction, cancer and weight gain [2]. Hence, there is a continuous effort in the development of
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non-steroidal contraceptives from natural sources or natural derived products because of their chemical
diversity and biochemical specificity.

Blastocyst implantation, one of the targets for emergency contraception is considered as analogous to
pro-inflammatory response, which is modulated by various pro-inflammatory mediators such as tumor
necrosis factor-a (TNF-a), nitric oxide (NO), superoxide anion radicals, interleukin-1(IL-1), leukemia
inhibitory factor (LIF), colony-stimulating factor (CSF) and ovarian hormones. These mediators play an
important role in uterine receptivity and blastocyst implantation [3-6]. However, ovarian steroid hormones,
estrogen and progesterone regulate all the mediators and hence blastocyst implantation [3]. Prostaglandins
(PGs) are also implicated as important mediators for increased endometrial vascular permeability during
implantation, which is evident from delayed implantation or implantation failure by COX-1 and COX-2
inhibitors [7]. The molecular signals that regulate the blastocyst implantation are of clinical relevance since
understanding the nature of the signals may lead to strategies to correct implantation failure or to develop
novel contraceptives.

Pentacyclic triterpenes are reported to exhibit anti-inflammatory activity [8]. Lupeol has been
extensively studied for its inhibitory effects on inflammation [9, 10], anti-arthritic [11] and antioxidant
activity [12] etc. In continuation of our research on development of nonsteroid, novel, potent emergency
contraceptive agents, we synthesised derivatives of lupeol and evaluated for in vivo acute and chronic anti-
inflammatory, anti-implantation as well as anti-estrogenic activity.

3. Present Study

Isolation of lupeol (1) and Synthesis of derivatives: The E. officinalis bark powder (800 g) was extracted
with n-Hexane in a soxhlet apparatus. The extract (21g) was subjected to column chromatography and lupeol
was obtained using n-hexane to increase polarity of ethyl acetate in hexane as eluting solvent with yield
1.1% and identified by physical and spectral analysis, which was found to exactly matching with the reported
values [13].

To a solution of compound 1 in dichloromethane, N,N-dicyclohexyl carbodiimide and N,N-dimethyl

amino pyridine was added followed by appropriate cinnamic acids. The mixture was sonicated for 15 min.
The reaction mixture was filtered, concentrated and purified by column chromatography to obtain the
corresponding cinnamic acid esters 3-O-(p-chlorocinnamoyl) lupeol (2, 78%) and 3-O-cinnamoyl lupeol (3,
91%). To the mixture of 1, acetic anhydride was added with a drop of pyridine and kept overnight at room
temperature. The usual work up and crystallization yielded lupeol acetate (4, 85%).
Room temperature stirring of 1 in dichloromethane and pyridinium chlorochromate with silica gel (1:1) for
45 h and filtration yielded compound 5 (90%). Compound 5 in dichloromethane was stirred with
hydroxylamine hydrochloride in presence of pyridine at room temperature for 6 h and usual work up resulted
compound 6 (80%). A mixture of compound 5, phenylhydrazine and glacial acetic acid was refluxed under
N, for 1 h distilled water was added and extracted with dichloromethane. The dichloromethane extract was
washed with 5% ags. NaOH and brine, dried over anh. Na,SO, and concentrated under vacuum to afford pale
yellow solid. The product obtained was purified by column chromatography to obtain compound 7 (56%).

Compound 5 in DCM was stirred with ethyl formate in presence of NaOMe under N, for 4 hr Ice-
water was added and extracted with ethyl acetate, dried over anh. Na,SO,, filtered, concentrated and
crystallized to obtain compound 8(61%). Compound 5 in dichloromethane and conc. HCI was treated with
NaNO; in water at 0°C. The reaction was quenched with ice, extracted with dichloromethane and crystallized
to get compound 9 (75%) (Schemel). All the compounds were identified by analytical and spectral data
analysis (Supporting information).

Animals: The experimental protocols were approved by the Institutional Animal House Ethics Committee
(IAEC), constituted by the Ministry of Social Justice and Empowerment, Government of India. Anti-
inflammatory studies were carried out using healthy Sprague Dawley rats of either sex, weighing between
150-250 g. Animals were housed 4 per cage under the environmental condition of 10% air exhaust in the AC
unit, relative humidity of 60+5%, 12:12 h day-night cycles at a temperature of 24+3°C. Animals were
divided into 4 groups of 6 each and put on fasting for 12-18 h prior to experiment. One group per compound
was taken for experiment. Mature, female mice (Swiss Albino strain, Mus musculus, 2-3 months old) were
used for the anti-implantation activity.
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Figure 1. Synthesis of different derivatives of compound 1: Reagents and conditions: a) DCC, DMAP, corresponding
cinnamic acids, sonication, 15 min; b) (CH5;CO),0, Py, 24 h; ¢) PCC, SiO,, DCM, rt, stirring, 4.5 h; d) NH,OH.HCI,

Py, rt, stirring, 6 h; €) Phenyl hydrazine, CH3;COOH, reflux under N,, 1h; f) Ethyl formate, NaOMe, DCM, stirring
under Ny, 4 h; g) NaNO,, conc. HCI, 0°C.

Acute inflammation: Animals were dosed with diclofenac sodium (10 mg/kg) or test compounds (50 mg/kg)
1 h before injection. All the compounds were orally administered with 0.2% agar suspension freshly
prepared as a vehicle. Carrageenan solution (0.1 mL of 1% solution) was injected in the sub-plantar region of
the right hind paw of each rat after 1 h of drug administration. The paw volumes of rats were measured using
digital plethysmometer up to 3h. Inhibition of (%)edema was calculated.

Derivatives 2, 4 and 9 along with the parent compound (1) significantly exhibited strong acute anti-
inflammatory activity with 60-93% protection compared to diclofenac sodium (69%). The introduction of p-
chlorocinnamic moiety at C-3 (2) exhibited better activity (93%) than the parent compound 1 (70%) and
positive control. The 3-acetate compound (4) showed 66% followed by derivative 9 with 62% protection
(Table 1, Supporting information).

Chronic inflammation: Animals were dosed with Dexamethasone (5 mg/kg) or test compounds (50 mg/kg) 1
h before the injection. All compounds were orally administered with 0.2% agar suspension freshly prepared
as a vehicle. The initial paw volumes were measured using pletnysmometer and noted as O hr reading.
Formalin solution (0.1 mL of 2% solution, prepared in normal saline) was injected in the sub-plantar region
of the right hind paw of rats 1h after drug administration. Final hour reading was recorded 3h after the
injection. This exercise was continued for five consecutive days. Degree of inflammation was measured on
all five days. The inflammation was assessed by calculating the % protection.

Compounds, 1, 2 and 4 exhibited very good chronic anti-inflammation activity with protection of 69-
85% up to 5" day and the derivative 2 was more active with 85% protection than the drug dexamethasone
(83%) (Table 1, Supporting information).

Anti-implantation activity: Only those female mice that showed a regular 4-5 day estrous cycle were used in
the study. Vaginal smears were examined daily according to the guidelines by Caligioni et al. [14]. Females
that showed a proestrus smear (Day 0) were mated with a male of proven fertility on the same evening.
Presence of a vaginal plug (next day morning) confirmed mating and was designated as Day 1 of pregnancy.
Animals were divided into two groups, A and B. Group A and B were dosed orally at 10:00 a.m. each day
from day 1 to day 6 of pregnancy with 0.2% agar (control) and the active analogue (50 mg/kg), respectively.
The pregnant females from both the groups were sacrificed on 1, 2, 3, 4, 5 day (4:40 a.m.), 5 day (10:00 am)
and 6 day of pregnancy. The uterus was excised, cleaned from adhering fat, washed with normal saline,
weighed and used for estimation of lipid peroxidation and assay of superoxide dismutase (SOD) activity.
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Estimation of lipid peroxidation: Uterine tissue was taken in 5 mL of Hank’s balanced salt solution (HBSS,
pH 7.4) and homogenized at 5000 rpm. The homogenate was centrifuged at 3500 rpm for 10 minutes. The
pellet was resuspended in 0.1 mL of HBSS and used for estimation of lipid peroxidation. Lipid peroxidation
was measured in terms of malonaldehyde (MDA):thiobarbituric acid (TBA) reaction as reported [15]. The
reaction mixture was having 0.1 mL of tissue homogenate, 0.2 mL of 8.1% sodium dodecyl sulphate, 1.5 mL
of 20% acetic acid (pH - 3.5 with 1 M NaOH) and 1.5 mL of 0.8% aqueous solution of TBA. Reaction
mixture was made to a volume of 4 mL with 0.7 mL of double distilled water and heated at 95°C for 1 h.
Then double distilled water (1 mL) and a mixture of n-butanol and pyridine (15:1 v/v, 5 mL) was added and
the mixture was shaken vigorously in a vortex mixer for 5 min. This mixture was then centrifuged at 3000
rpm for 7 min. The upper organic layer was separated and the amount of MDA formed was measured at 532
nm. Appropriate controls were used at different steps during this estimation (extinction coefficient of
MDA=1.45 x 10°/min/cm).

Assay of superoxide dismutase activity: The uterine tissue was taken in 4 mL of chilled Tris buffer (50 mM
pH 8.2) and was homogenized at 13,000 rpm (3x 30 sec). The homogenate was treated with 1 mL of 0.1%
Triton X 100 (v/v) for 20 min at 4°C. Homogenate was then centrifuged at 10,000 rpm at 4°C for 30 min.
The supernatant was used for the assay of superoxide dismutase (SOD) activity by the method as reported by
Marklund and Marklund [16]. Briefly, Supernatant was transferred to both plastic tubes and glass tubes in
2:3 ratios. Plastic-tubes containing enzyme were kept at 4°C and glass tubes were kept in boiling water bath
for 45 min. Then, boiled content was centrifuged at 5000 rpm for 10 min at 25°C. Absorbance were taken for
both enzyme and boiled samples at 420 nm. All calculations were made as per gram fresh tissue weight.
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Figure 2. A: SOD (unit/gram fresh weight) and LPO expressed as MDA levels, (nmol/gram fresh weight) levels on day
1-6 in uterus of control animals (n=6). B: SOD and LPO levels in uterus of compound 2 treated animals (n = 6).

The result reveals that control animals show a sharp decrease in SOD levels and an increase in
superoxide anion radical at the time of implantation (day 5 at 4.40 am, Fig.1A). However, these levels were
altered in animals treated with derivative 2 which showed an increase in SOD activity and decrease in
superoxide anion radical levels (Fig.1B) which is one of the requirements for inhibiting blastocyst
implantation. The changes in superoxide anion radical and SOD activity between control and treated animals
are statistically significant (p<0.05).

Visualization of implantation site: Another set of animals (n=6) from each group were injected intravenously
0.1 mL of 1% Chicago blue 6B dye through tail vein on day 7 of pregnancy. All the animals were sacrificed
and the uterus was exposed to count the number of implantation sites. The uterus of control animals showed
(Fig. 2A) blastocyst implantation sites(~10 nos.) in each, while the derivative 2 completely inhibited the
blastocyst implantation (100%) in the treated animals (Fig. 2B). The alteration of SOD and LPO levels were
further confirmed by the inhibition of blastocyst implantation in animals treated with derivative 2.
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Figure 3. A. Blastocyst implantation in uterus of control animals; B. No implantation in uterus of treated animals.

Estimation of anti-estrogenic activity: Healthy virgin female mice, Swiss Albino, were divided into six
groups (n=6). First group received 0.2% agar solution (control), second group received tamoxifen (0.063
mg/kg, positive control), third group received ethinyl estradiol (EE,100 pg/animal), fourth group received
EE and tamoxifen, fifth group received the active analogue 2 (50 mg/kg) and sixth group received EE and
the active analogue 2. Anti-estrogenic activity was determined after daily oral administration of drug and
subcutaneous injection of EE for 7 days. Uterine weight at the end of the experiment was used as a parameter
for anti-estrogenic property [17]. The uterine weight of animals treated with only 3-p-chlorocinnamoyl
derivative (2) and 2 along with ethinyl estradiol (EE) found to decrease as compared to animals treated with
EE alone (p<0.05), which suggest the anti-estrogenic property of the derivative 2 (Fig. 3) which is significant
in comparison with positive control tamoxifen.

Statistical analysis: All data have been represented as mean = SEM. Data were analyzed using paired t-tests
within groups and p < 0.05 was considered significant. Linear correlation was established between the LPO
and SOD values on Day 5 (4.40 a.m.) and the correlation coefficient was calculated.

The hormone-dependent changes and the increase in membrane fluidity, which makes the
endometrium receptive is necessary for successful blastocyst implantation[18]. The results indicate that
failure in implantation is not due to the interference in tubal transport but the unfavourable environment
generated by the derivative 2. As 3-(p-chlorocinnamoyl) lupeol(2) showed anti-estrogenic property, it might
be interfering in uterine estrogen utilization there by change in the biophysical and biochemical events.
Moreover, it also possess potent acute and chronic anti-inflammatory activity, hence it might have down
regulated some of the inflammatory mediators such as cyclooxygenase, cytokines, nitric oxide and
superoxide anion radicals at the time of implantation. Hence, 3-(p-chlorocinnamoyl) lupeol (2) modulates
two different interrelated pathways i.e. inflammatory cascade and estrogen signalling, resulting in altered
physiology of the endometrium. Consequently, it can be a good candidate for assessment of molecular
mechanism involved in the implantation failure and developed as a potential contraceptive agent.
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