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ABSTRACT

The present study was aimed to formulate phytoformulation of Tagetes patula (MSTP)
and its evaluation for antihyperlipidemic activity with triton X-100 and propyl! thiouracil
induced hyperlipidaemia models. Microsuspension of T. patula extract (50 and 100 mg;
MSTP) was developed by precipitation technique. MSTP was assessed for its particle size,
pH and drug entrapment efficacy. The results confirmed that microsuspension prepared
with Tagetes patula extract (MSPT) showed average particle size 5.92 ym, pH 5.04 and
38 % drug entrapment. MSTP was screened for antihyperlipidemic activity with triton
X-100 and propyl thiouracil induced hyperlipidaemia models. MSPT at doses 50 and 100
mg/kg; bd.wt,p.o proved a significant (p<0.01, p<0.05) antihyperlipidaemic potential
by reducing levels of TG, TC, VLDL, LDL and shown raised HDL level when results were
compared with normal and standard group in propyl thiouracil induced and triton X-100
induced hyperlipidaemia models. MSPT showed prominent antihyperlipidaemic activity
as decreased particle size improves the dissolution and bioavailability of poorly soluble
secondary metabolites. The results revealed significant antihyperlipidaemic activity for

MSPT so can be used for managing hyperlipidaemia and other metabolic disorders.
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INTRODUCTION

Dyslipidemia is a condition of elevation
in plasma lipids; includes triglycerides
(TG), cholesterol, phospholipids along
with plasma lipoproteins (VLDL, HDL
and LDL).! Genetic inheritance and use of
high carbohydrate or fat diets may lead to
development of dyslipidemia which is widely
seen in urban countries. Dyslipidaemia
is major sign of atherosclerosis and a
variety of cardiovascular diseases (CVS)
like coronary heart disease. CVS is one
of the major life threatening cause of
morbidity and mortality among world-wide
population, which contribute to almost
one-fourth of the deaths inage group of
25-65 years.” Based on Indian Council of
Medical Research (ICMR) survey, there is
a high dominance of hypercholesterolemia
in urban area as compared to rural area.’
High lipid levels may result due to improved

absorption of lipids throughout the gut or
enhanced endogenic synthesis of lipids.
High fat diet and triton X-100 models are
used to induce dyslipidemia.*” Dyslipidemia
can be controlled with triton X-100,
without change/manipulation in diet, but
by blocking the endogenic synthesis of lipid
levels or by decreasing fat absorption from
guts. Both these elements can be evaluated
in normal animals."
Tagetes  patnla L.
Asteraceae was originated in Mexico which
is an ornamental plant."" Traditionally,
Tagetes patula was used for its diuretic,
antiseptic and insect repellent action.'
Phytochemical studies of T. patularevealed
the presence of various active secondary
metabolites like flavonoids (5.5%), terpenes,
alkaloids, thiophenes and
fatty acids.'”*" T. patula flowers were also

(French  marigold),

carotenoids,
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possesses analgesic, anti-inflammatory, insecticidal,
antifungal, larvicidal and nematicidal activity.'**"* As
variety of active constituents were previously identified
from T. patula flower head,” soxhlation was used to
prepare extract of Tagetes patula flower by using methanol
as solvent. But major drawback of phytoconstituents is
poor solubility, poor bioavailability and excess dose.” So
to overcome the prescribed problem Tagetes patula was
formulated into micro suspension to increase solubility,
thus bioavailability and decrease dose and developed
micro suspension of 1. patula was assessed for its
antidyslipidaemic action.

MATERIALS AND METHODS
Preparation of crude extract

Crude plant material as Tagetes patula flower heads were
obtained from West Godavari district Andhra Pradesh,
India. Plant material was authenticated by Dr. P.
Suresh Babu, Government Degree College Kukatpally,
Hyderabad (TS), India with Voucher Specimen no.,
TPK-4. The plant material was dried, powdered and
used for the soxhlation extraction with methanol.

Identification of active constituents from Tagetes
patula extract using GC-MS

T. patula extract was analysed for identification of
various active constituents by GC-MS instrument
(Agilent 6890 series).

Animals

In the present experimental study, animal’s wistar rats
(170-200 g) were obtained from Gentox biosciences,
Hyderabad. IAEC (Institutional Animal Ethical
Committee  with  Reg.  No.1175/PO/Re/S/08/
CPCSEA) of CPCSEA approved the study protocol of
present study.

Phytoformulation (microsuspension) of methanol
extract of Tagetes patula and its characterization

Microsuspension  was used prepared through
precipitation method with slight modification.”®
Methanolic extract of 1. patula (5g) was suspended in
ethanol (10 mL) by sonication for 60 sec (solution 1).
In order to prepare microsuspension of Tagetes patula,
chitosan (0.1g), calcium hydroxide (0.5 g) and phosphoric
acid (5 mL) were mixed (solution 2). Solutions 1 and
solution 2 were agitated at 500 rpm for 1h at room
temperature. The reddish opalescent microsuspension
(MSPT) was formed.

Organoleptic properties of the MSPT were observed
as colout, odour and physical appearance. pH of MSPT
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was analyzed at 25°C+2°C by pH meter (Elco). Practical
yield was calculated using the equation

PY (%) = amount of product obtained/ amount of
total solid used (polymer + drug) X100.

Percent drug loading of MSPT

Specific quantity of MSPT was added in 15 mL of
methanol, kept in orbital shaker for 1 hr and filtered
through a membrane filter. Resultant solution was
analysed spectrophotometrically at 532 nm using a UV
spectrophotometer (Shimadzu 1800). The percent drug
loading was determined.

Particle size analysis of MSTP

Determination of average particle size of MSPT was
carried out by using particle size analyser (W-3275,
Nanotrac wave, USA). The particle size was analysed
by adding 0.1 mL sample into the viewing unit. The
diameter of particles was averaged and expressed as
mean * SD. Dynamic light scattering (DLS) technique
was used to find out particle size. DLS analyse the
dispersal of particles under Brownian motion and alters
its size and its distribution.

In vitro antioxidant assays of MSPT

Free radical scavenging capability of MSTP was
evaluated with HO and NO' radical scavenge assay
method reported by Kunchandy and Rao e a/*""

In vivo antihyperlipidemic activity
Triton induced hyperlipidemic rat model

Group-I served as normal control, Group-II served as
disease control treated with triton X 100 (100 mg/kg b.
wt 4p), Group-III hyperlipidaemic group treated with
MSTP (50 mg/kg b. wt), Group-IV hypetlipidaecmic
group treated with MSTP (100 mg/kg b.wt.), Group-V
hyperlipidaemic rats treated with standard Simvastatin
(10 mg/kg b. wt). On 8" day blood was withdrawn
through retro-ocular plexus and serum lipid levels were
estimated with a cholesterol kit (ERBA diagnostics
Mannheim GmbH), the data was analyzed.™

Propylthiouracil induced hyperlipidemia model

Group-I served as normal control, Group-II served
as disease control group treated with PTU (10 mg/kg
b. wt), Group-1II hyperlipidaemic group treated with
MSTP (50 mg/kg b. wt), Group-IV hyperlipidaecmic
group treated with MSTP (100 mg/kg b. wt), Group-
Vhyperlipidaemic group treated with Simvastatin (10
mg/kg b. wt). On 8" day Group-II to Group-V were
treated with cholesterol (400 mg/kg b. wt) and after 6 h,
blood was withdrawn through retro-ocular plexus and
lipid levels were analyzed.*
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Histopathology of propylthiouracil induced
hyperlipidaemic rats

Experimental animals were sactificed on 8" day of study
protocol, to separated livers. Isolated livers were fixed
in formalin (10 %, 24hr) and sent for histopathological
study (Varunhisto Path, Hyderabad).

Statistical analysis

Statistical study of experimentation was done with
Graphpad Prism 7 software. Analysis was expressed
as mean T SEM, assessed for ANOVA and Dunnett’s
test (Multiple). Significant differences between treated
groups and standard group were considered at p<0.05,
»<0.01.

RESULTS AND DISCUSSION

Identification of phytochemical constituents
using GC-MS

Phytochemical investigation of Tagetes patula shows
the presence of flavonoids, terpenes, triterpenoids,
steroids and phenols. Presence of phytoconstituents
confirmed by GC-MS GC-MS
results confirmed the presence of neatly twenty

was analyser.
phytoconstituents in crude flower extract. The retention
time taken by phytoconstituents of flower head extract
varied from 16.02 to 27.35 min.

T. patula methanolic extract showed presence of

caryophyllene, hexadecanoic acid, n-hexadecanoic
acid, piperitone, terthiophene, heneicosane, vitamin-E,
y-terpinene,  docosanoic  acid,  cyclotetracosane,
tetracosanoic acid, a-amyrin, quercetin, sigmasterol with

full mass spectrometry.”

Antioxidant assay of MSTP

MSTP showed prominent HO and NO' radical free
radical scavenging capability with i vitro HO and NO
radical scavenging assay (Table 1).

Formulation and characterization of MSTP

MSTP was prepared using biodegradable polymer,
chitosan by homogenization method. Particle size for
MSTP was found to be 5.92 + 0.373 um (Figure 1). The
drug entrapment in MSTP was found to be 38%. The
pH of the MSPT was determined at 25°C£2°C by pH
meter and pH was found to be 5.04.

MSTPis colloidal dispersions, can be used for release
of inadequately water soluble phytoconstituents, which
was stabilized by sutfactant.” With reduced particle
size disintegration and dissolution rate and inadequate
oral bioavailability of MSTP was improved. The small
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particle size of MSTP also improves physical stability
related to sedimentation.

Furthermore, particle size reduction confers further
benefit of elevated mass per volume loading related to
high dose.” The mean particle size for MSPT was found
to be 5.92 um. Alcohol was used as solvents because
of their low dielectric constant (¢ value). Lower the €
value higher dissolution capability for hydrophobic
drugs. Phosphoric acid was used as antisolvent, which
facilitates the precipitation of particles in micro/nano
range.

In vivo antihyperlipidaemic activity
Triton X-100 induced hyperlipidaemic rat model

Triton X-100 increases lipid levels in experimental
animals while MSTP significantly reduced all determined
lipid parameters. MSTP at the doses 50 mg/kg b.wt
showed significant reduction in TC (»<0.001), TG
(»<0.01), LDL (p<0.001) and VLDL (p<0.05) levels and
improvement in HDL (p<0.001) while comparing with
normal control and standard. Also MSTP at 100 mg/kg
b.wt significantly decrease TC (»p<0.01), TG (»<0.01),
LDL (p<0.01) and VLDL (p<0.01) and significantly
increased HDL (p<0.01) in hypetlipidemic animals when
compared with control group and standard. Simvastatin
significantly reduced lipid parameters TC (p<0.01), TG
(»<0.05), LDL (»p<0.01) and VLDL (»<0.01) except
HDL (p<0.01) which is significantly increased compared
with normal rats. Results were expressed in Table 2.
Results are expressed as Mean + SEM, (#=6), ANOVA
followed by Dunnett’s test was performed and results
were compated with control group # = p< 0.001, * =
$<0.05) and standard (a = p<0.01).

Propylthiouracil induced hyperlipidemic rat model

Propylthiouracil and cholesterol magnify the lipid
levels in experimental animals while MSTP significantly
reduced all determined lipid patameters. MSTP (50 mg/
kg b.wt) illustrate significant decreasing in TC (p<<0.01),

Table 1: In vitro hydroxyl radical and nitric oxide

radical scavenging assay of MSTP.

. Test compound Antioxidant assay IC,,
No. value
Hydrox;_/l radical 33.2
scavenging assay
1 Ascorbic assay — - -
(standard) Nitric OX|f:|e radical 36.4
scavenging assay
Hydroxyl radical 40.1
scavenging assa ’
2 MSTP L y
Nitric oxide radical
. 425
scavenging assay
S595
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Table 2:Anti-hyperlipidemic activity for MSTP on Triton X-100 induced

hyperlipidaemic rats.

Groups/Treatment Lipid Profile (mg/dL), Mean * SEM
TC TG HDL LDL VLDL
Group-l: Normal control 1455 +1.7 85.0+2.1 728+14 68.6+1.3 6.6+0.3
Group-ll: Hyperlipidaemic | 270.6 + 4.0 231.1+1.8 20.9+0.9 194.1+1.9 49.6+ 2.8
control
Group-Ill: MSPT (50mg/ | 181.2+2.1%2 | 120.3+1.9%2 | 34.7+1.7%2 124.5+2.6*2 22.8+1.2"2
kg, bd.wt, p.o)
Group-IV: MSPT (100 mg/ | 163.2+2.6"2 | 102.3+2.7"2 | 57.6 +1.7#2 73.4+3.8'2 17.640.5%2
kg, bd.wt, p.o)
Group-V: Simvastatin(10 147.9 + 2.8% 96.8+2.2° 67.2 £ 2.0* 71.614.5% 10.8+0.2%
mg/kg, bd.wt, p.o)

Table 3: Anti-hyperlipidemic activity for MSPT on Propylthiouracil induced hyperlipidemic

rats.
Groups/Treatment Lipid Profile (mg/dL), Mean * SEM
TC TG HDL LDL VLDL
Group-I: Normal control 145.5+1.7 85.8+2.04 62.8+1.4 68.6+1.3 15.6+0.3
Group-lI: 256.9+2.9 223.6+2.9 21.2+1.3 200.345.0 44.8+0.5
Hyperlipidaemic control
Group-lll: MSPT (50mg/ | 185.6+3.2%2 132.9+2.0%2 27.5%1.2%a 137.6+£2.5 "2 26.7+0.3%2
kg, bd.wt, p.o)
Group-IV: MSPT (100 178.6+2.1"2 114.3+2.5%3 52.8+1.4"2 104.2+1.5m2 22.7+0.5%2
mg/kg, bd.wt, p.o)
Group-V: Simvastatin 165.9+2.4° 99.9+1.8* 53.7+1.9* 86.7+1.6" 19.8+0.3"
(10 mg/kg, bd.wt, p.o)

TG (p<0.01),LDL (»<0.05, p<0.01) and VLDL (p<0.01)
levels and increasing of HDL (p<<0.01) while comparing
with normal control and standard. Also MSTP (100 mg/
kg b.wt) significantly decreased TC (p<0.05, p<0.01),
TG (p<0.01), LDL ($<0.01) and VLDL (»<0.01) and
significantly improved HDL (p<0.05) in hyperlipidemic
animals, compared with control group and standard.
Simvastatin  significantly reduced lipid parameters
TC (»<0.01), TG (p<0.01), LDL (p<0.01) and VLDL
(»<0.05) except HDL (p<0.01) which is significantly
enhanced compared with control rats. Results were
expressed in Table 3.

Results are expressed as Mean £ SEM, (#=06), ANOVA
followed by Dunnett’s test was performed and results
were compared with control group (* = p<0.01, * =
$<0.05) and standard (a = p<0.01).

Dyslipidaemiais a major risk aspect for various
cardiovascular diseases which causes premature death
globally and major reason of mortality in India also.*
As HDL level is inversely related to whole body
cholesterol and a decrease in HDL level may enhance
the risk of atheroscelerosis leading to ischemic heart
diseases (IHD) and other CVS diseases® by impairing

$596

cholesterol clearing from the arterial wall.®® Triton 100X
has normally been used for screening of vatious drug/
hetbal products hetbs for their hypolipidaemic action.”
Theincreasedlipidlevels (TC, TG and LDL) and decrease
in HDL level in Triton X-100 induced hyperlipidaemia
have reported eatlier.*! As MSPT (50mg/kg bd.wt. and
100mg/kg bd.wt) showed significant antidyslipidaemic
activity with triton X 100 and PTU rat models. The
reversal in hypetlipidaemic mediate variation in lipid
level of experimental animals by administration of MSPT,
possibly by restraining HMG-CoA reductase, as that
of atorvastatin showed antihypetlipidaemic action.***
This enhanced lipid level might be due to the existence
of flavonoids* and vatious polyphenolic compounds
present in methanolic extract of I\ patula which was
already confirmed by GC-MS. Antidyslipidaemic
activity of MSPT may be due to decreased particle size
i.e., 5.92 um, enhanced surface area, saturation solubility
and bioavailability of phytoconstituents.

Furthermore, the antidyslipidaemic action of MSPT
was proved with histopathology studies of experimental
animal liver tissue. Figure 2 in histopathology of
normal rat liver bile duct, kuffer cells, sinusoids and
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Figure 1: Particle size analysis of MSTP phytoformulation
using Nanotrac. Effect of MSTP on lipid levels of
propylthiouracil induced hyperlipidaemia

Figure 2: Histopathology of animal liver in control group.

Figure 4: Histopathology of animal liver treated with MSPT 50
mg/kg bd. wt.

Figure 5: Histopathology of animal liver treated with MSPT
100 mg/kg bd. wt.

Figure 3: Histopathology of animal liver in hyperlipidaemic
control.

fibrosis was observed around the portal area of liver.
Figure 3 Histopathology of hyperlipidemic control
rat’s liver; Cord pattern of hepatocytes, few periportal
lymphocytes are noticed in periportal area of liver. Fatty
change and fibrosis was observed in cytoplasm. Figure
4 Histopathology of animal liver served with MSPT 50
mg/kg, bd.wt, p.o; Moderate sinusoidal space dilatation
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Figure 6: Histopathology of animal liver treated with
Simvastatin 10 mg/kg.

with haemorrhages was observed in sinusoid region
along with few periportal lymphocytes in focal region.
Figure 5 Histopathology of animal liver served with
MSPT 100 mg/kg, bd.wt, p.o; Hepatocytes, petiportal
and centrilobular region was observed normal, with
mild sinusoidal space dilation and hemorrhage. Figure 6
Histopathology of animal liver served with Simvastatin
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10 mg/kg, bd.wt, po); Hepatocytes, petiportal
lymphocytes, kupffer cells, fibrosis and sinusoids
observed normal.

CONCLUSION

Oral dose of MSPT was half to that of extracted
dose and exhibited significant antihyper lipidaemic
action. As a result we canpropose that microparticle
can be used to prevailsolubility issue of inadequately
soluble phytoconstituents and to reduce the oral dose.
Present study may possibly give a reference for future
exploration of phytoformulation as a novel preventive
and therapeutic measure for the management of
hyperlipidaemia and other metabolic disorders.
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SUMMARY

Tagetes patula flowers heads were collected,
authenticated and extracted by Soxhlet apparatus
with methanol as solvent. Crude methanolic extract
obtained was analyzed by GC-MS (Agilent 6890
series) for identification of secondary metabolites.
Crude methanolic extract was used to develop
the phytoformulation (micro suspension) with
probe sonicator. Developed formulation (MSTP)
was characterized for its particle size with particle
size analyzer (W-3275, Nanotrac), pH (Elco) and
entrapment efficiency.

MSTP was evaluated for in-vitro antioxidant assay
with hydroxyl radical and nitric oxide radical
scavenging assay. MSTP was also evaluated for
antihyperlipidemic activity with triton 100X and
Propyl thiouracil induced hyperlipidaemic models
and TC, TG, LDL, VLDL and HDL levels were
estimated.

Results showed that MSTP was having
prominent antioxidant activity and significant
antihyperlipidemic activity when results were
compared with control and standard group.
Furthermore, the antidyslipidemic action of
MSPT was proved with histopathology studies
(Varunhistopath, Hyderabad) of experimental
animal liver tissue in PTU induced hyperlipidaemic
model.

Antidyslipidaemic activity of MSPT may be
due to decreased particle size i.e., 5.92 um,
enhanced surface area, saturation solubility and
bioavailability of phytoconstituents.
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