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Abstract

Introduction: Hypertension is found to be the prime cause of
death worldwide in spite of a number of available treatments
which suggests that there is a need of discovering new lead
molecules that would be more effective to treat cardiovascular
disease (CVD). Liriodendrin, the lignan phytoconstituent possess-
es potential pharmacological effects. Literature survey suggests
that liriodendrin could be effective in mitigating hypertension
considering its structural similarity with reported cardiovascular
protective drugs. Hence liriodendrin is investigated to reveal its
mechanism of actions to support its antihypertensive property.
Methods: Hypertension was induced in male wistar rats with
DOCA salt. Hypertensive rats were treated with liriodendrin for
4 weeks. Blood pressure, heart rate, body weight, lipid profile,
serum nitrite levels, vascular reactivity to various catechol-
amines, in-vitro calcium channel blocking assays, antioxidant
assay, determination of aortic calcium level, endothelial func-
tion, expression of eNOS analysis were studied.

Result: Liriodendrin was found safe orally up to 2000 mg/kg. It
showed a significant decrease in heart rate, blood pressure and
mean arterial pressure. In-vitro study on the isolated rat aorta re-
vealed the calcium channel blocking potential of liriodendrin. Vas-
cular reactivity to various catecholamines was normalized. Vas-
cular endothelium was significantly protected by the enhanced
release of nitric oxide and eNOS expression by the western blot
technique. Oxidative stress was also significantly reduced.
Conclusion: Liriodendrin was found to be beneficial in hy-
pertension as it produced vasorelaxation by blocking calcium
channels, enhancing nitric oxide release, and reducing oxidative
stress. Thus, liriodendrin may be useful to relieve hypertension

and cardiovascular complications.
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Introduction:

Hypertension is becoming the prime cause of death
worldwide. According to the survey, the ubiquity of
hypertension is stable but no improvement in disease
state has been observed. Reasons for such condition
may be due to the lack of awareness, increase in finan-
cial burden [1] or poor control over hypertension with
the available treatments [2, 3]. Natural products and
the traditional medicines are the great source of biodi-
verse phytoconstituents [4]. Hence, such phytochem-
icals can be investigated to develop new lead moiety
which would be safe, effective and an alternative to
present treatment, in ameliorating various diseases
and disorders.

Lignans are the secondary metabolite found in
number of plant parts like seeds, legumes, whole
grains, fruit, and vegetables [5,6]. Chemically they are
classified into eight structural subgroups [7]. General-
ly, lignan get metabolized to enterodiol, enterolignan
and enterolactone [8]. Enterolactone has been found
to act as an antioxidant against human LDL oxida-
tion [9] and has an antidiabetic action too [10]. Lig-
nans has also been reported to inhibit the activation
of calmoduline dependent enzyme cyclic nucleotide
phosphodiesterase [11], platelets activating factor
[12], antagonize calcium channels and enhances nitric
oxide synthesis (NOS) [13].

Liriodendrin is found in plants like Linum usitatis-
simum, Acanthopanax senticosus, Boerhaavia diffusa,
Sargentodoxa cuneata, Kalopanax pictus etc [14]. It
possesses similar pharmacophore as that of Mataire-
sinol, which is a reported calcium channel antagonist
[15] and calmoduline inhibitor. The fused bicyclic
ring of liriodendrin may be useful as it may produce
umbrella like effect on target calcium channels, caus-
ing blockade of channels (Fig. 1). As a result, the goal
of this study was to investigate the pharmacological
actions of liriodendrin in a preclinical model in order
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Figure 1. Liriodendrin-and-matairesinol-structural-similarity

to determine its therapeutic potential in hypertension,
so that the information gathered may be used in future
clinical trials.

Material and Methods:

Procurement of animals and chemicals

Total fifty one male wistar rats (Rattus norvegicus)
weighing 150 - 200 g and age 4-6 weeks were obtained
from LACSMI Biofarms Pvt. Ltd. Pune. They were
housed in polypropylene cages with husk bedding,
under 12:12h light dark cycle. Room temperature was
maintained at around 25 + 3°C. Rats were fed with
commercial pellets rat chow and water was provided
ad libitum. Animals were housed for two weeks before
being used in tests that followed the guidelines of the
Committee for the Purpose of Control and Supervision
of Experiments on Animals (CPCSEA), based in New
Delhi, India. The animal study was approved by insti-
tutional animal ethics committee (IAEC/2018/06).

Liriodendrin with chemical name (25,3R,4S,5S,6R)-
2-[4-[6-[3,5-dimethoxy-4-[(2S,3R,4S,55,6R)-
3,4,5-trihydroxy-6-(hydroxymethyl) oxan-2-yl]
oxyphenyl]-1,3,3a,4,6,6a-hexahydrofuro(3,4-c]fu-
ran-3-yl]-2,6-dimethoxyphenoxy]-6 (hydroxymethyl)
oxane-3,4,5-triol, Product number SMB00181 and lot
no. 122228321V was procured from Sigma Aldrich
with purity of 97 %.

In-vitro calcium channel inhibition assay

The descending rat aorta was isolated and cleaned
with adhered connective tissues. The aorta was cut
into 3-5 mm wide rings, and then rings were mounted
in the organ tube of student’s organ bath. One side of
aortic rings were tied to a frontal lever (isometric) and
other end to aerator tube. For 20 minutes, the aortic
rings were incubated in a calcium-free Krebs solution
containing 0.5 mmol/l EDTA and 40 mmol/L KCL
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The rings were then incubated for 20 min with vehicle
or liriodendrin (30 umol/l) respectively and concen-
tration response curves were recorded by cumulatively
adding CaCl, (0.1-3.0 mmol/L)[16].

Acute oral toxicity study of liriodendrin

Oral acute toxicity study was performed by UP
and Down method (OECD 425) on female wistar rats.
First three rats were dose with 175 mg/kg of lirioden-
drin. As no mortality was observed within 48 hour,
next dose was increased to 550 mg/kg. No toxicity and
mortality was observed within 48 hours. So limit dose
of 2000 mg/kg was given to another three rats. All the
animals were observed for any abnormal changes for
14 days. After14™ day, The rats were euthanized and
anatomical and morphological alterations were ob-
served.

Induction of hypertension

For four weeks, male wistar rats were given Deox-
ycorticosterone acetate (20 mg/kg, s.c.) twice weekly
with olive oil A 1% NaCl solution was used in place of
drinking water [17].

Experimental design

Animals were divided in eight groups each con-
taining 6 animals. Group 1: Vehicle (Olive oil 5 ml/
kg); Group 2: Treatment Control 1 (Liriodendrin
2.5 mg/kg, p.o); Group 3: Treatment Control 2 (Li-
riodendrin 10 mg/kg, p.o); Group 4: Disease con-
trol (DOCA 20 mg/kg, s.c twice a week for 4 week);
Group 5: DOCA + Liriodendrin (2.5 mg/kg, p.o);
Group 6: DOCA + Liriodendrin (5 mg/kg, p.o);
Group 7: DOCA + Liriodendrin (10 mg/kg, p.o);
Group 8: DOCA + Nifedipine (10 mg/kg, p.o). The
liriodendrin treatment lasted for 28 days. All animals
were sacrificed by cervical dislocation at the conclu-
sion of the investigation.



Heart rate and systolic blood pressure

Non-invasive systolic blood pressure and heart rate
were recorded by using tail-cuff method (PowerLab
Data Acquisition system). While for invasive blood
pressure, animals were anaesthetized by Ketamine
and Xylazine (75 mg/kg and 15 mg/kg, i.p. resp.). An-
imal’s limbs were fixed on the experimental table and
incision was given at the neck region to open up the
trachea. About 4 cm of left carotid artery was exposed
and cleaned it free of any connective tissues and va-
gus nerve. The carotid artery was cannulated using a
polypropylene cannula, with the other end attached to
a blood pressure transducer on the AD Instruments
Power Lab Data Acquisition system. After that, the
systolic blood pressure, mean arterial pressure, and
heart rate were determined [18].

Serum Lipid Profile

Serum total cholesterol, triglyceride and HDL were
determined by biochemical autoanalyzer (Model-BL
200, Elico) using standard biochemical kits (Agappe
diagnostic, Mumbai).

Serum Nitrite level

100 pl serum sample was collected from each group
and to it 10 pl (0.2 U/ml) aspergillus nitrate reductase
(sigma aldrich cat. no. 72548), 25 ul (50 mM) HEPES
buffer, 25 pl (5uM) FAD and 50 pl (0.1 mM) NADPH
was added and incubated for 30 min. To the incubated
mixture, 5 ul of potassium ferricyanide (1500 U/ml)
and 50 pl of 100 mM pyruvic acid was added and then
was incubated for 10 min. Finally, 1 mL of premixed
griess reagent (HiMedia laboratories) was added and
incubated for 10 minutes before colorimetric meas-
urement was used to determine absorbance at 543 nm
[19].

Calcium level in aorta

Calcium level in aorta was determined by using
ab102505 calcium assay kit. Initially standard curve
was determined with concentration 0, 0.4, 0.8, 1.2,
1.6 and 2ug calcium/well. Animals were sacrificed
and 50mg of aorta was weighed and washed with cold
phosphate buffer solution. The tissue was suspended
in 1000yl of cold calcium assay buffer and was cold
centrifuged at 15000rpm. The supernatant was col-
lected for analysis. The first six microplate wells were
tilled with 50 pl of standard calcium dilutions. Previ-
ously prepared tissue homogenate was added in other

wells with sample volume 50 pl. Then 90pl of chromo-
genic reagent followed by 60pl of calcium assay buffer
wad added in each well. The plate was then incubated
at room temperature for 10 min. and then absorb-
ance was recorded by microplate reader at OD575 nm
(BMG labtech, Spectrostar™®).

Catecholamine-induced vascular reactivity

Ketamine and Xylazine (75 mg/kg and 15 mg/kg
i.p.) were used to anaesthetize the rats in each group.
For drug administration, a tiny polyethylene catheter
was cannulated into the right jugular vein. Blood pres-
sure (BP) was measured directly from the left common
carotid artery using a pressure transducer. The mean
change in BP to adrenaline (1 g/kg/ml), noradrenaline
(1 g/kg/ml), and phenylephrine (1 g/kg/ml) was col-
lected using the PowerLab Data Acquisition System
after 30 minutes of stabilisation [20, 21].

Evaluation of integrity of the endothelium

Descending rat aorta was isolated and placed in
Krebs solution. Aortic rings of nearly 3 mm length
were prepared and mounted on organ bath contain-
ing 15 ml of Krebs solution at 37°C and aerated with
95% O,. The rings were suspended between two stain-
less-steel hooks, one of which was attached to the end
of a bathing tube and the other to a force transduc-
er (PowerLab® ML750), to record contractions. The
resting tension of 1 g was applied to preparation and
equilibrated in a 15 ml bathing solution for 60 min.
The rings were then exposed to 1 x 10°M Phenyle-
phrine. When the contractile response of Phenyle-
phrine was plateaued, acetylcholine was added in a
cumulative fashion. The concentrations of acetylcho-
line were prepared in range of 1 X 10°to 1 x 10°M
[22,23].

Determination of eNOS expression
by western blot technique

The rat heart from vehicle, treatment control, dis-
ease control, DOCA + liriodendrin (10 mg/kg) group
and standard group were isolated, washed and were
homogenized in lysis buffer. 50ug of protein from each
group was loaded separately on 7.5 % polyacrylamide
SDS gel (Bio-Rad. Corp) for separating desired pro-
tein by gel electrophoresis. After completing the run,
separated proteins from polyacrylamide-SDS gel was
transferred to nitrocellulose paper (Bio-Rad. Corp)
in glycine-methanol buffer. To prevent nonspecif-
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ic contact, the nitrocellulose membrane was blocked
with TBS-milk before being incubated overnight
with the maine NOS antibody (Bio-Rad. Corp). The
membrane was rinsed three times with TBS the next
day, then incubated for three hours with a secondary
antibody conjugated with alkaline phosphatase. The
membrane was then cleaned again and developed with
NBT as the substrate in an alkaline buffer (Alkaline
phosphatase substrate kit, Bio-Rad. Corp). Densitom-
etry analysis was performed to evaluate the extent of
gene expression with liriodendrin treatment [24, 25].

Antioxidant assay

The aorta from the vasorelaxation studies was used
for the preparation of aortic homogenate. The aorta
was weighed after being washed with isotonic saline.
In ice-cold 0.1 M phosphate buffer, a 10% (w/v) tissue
homogenate was produced (pH 7.4). Centrifugation of
the homogenate at 1000 rpm for 20 minutes at 40 °C
yielded the post nuclear fraction for the catalase assay;
centrifugation at 12000 rpm for 60 minutes at 40 °C
yielded the post nuclear fraction for the other SOD
and LPO assays. The following assay was performed
with a bio-spectrophotometer (Model-BL200, Elico).

a. Catalase activity

The H202 breakdown was detected at a wavelength
of 240 nm. The assay mixture consisted of 3 ml of
H202 in phosphate buffer (pH7) and 0.05 ml of tissue
homogenate supernatant (10%), and the change in ab-
sorbance was measured at 240 nm after 1 minute. The
enzyme activity was calculated using the millimolar ex-
tinction coefficient of H202 (0.07/mmol/cm). Micro-
moles of H202 decomposed per minute per milligram
of protein were used to calculate the results. [26, 27].

b. Superoxide dismutase

The activity of superoxide dismutase (SOD) was
measured using the Kono technique. The SOD pre-
vented the reduction of nitrobluetetrazolium (NBT),
which was measured spectrophotometrically at
560 nm. In a nutshell, the reaction was started by add-
ing hydroxylamine hydrochloride to a reaction mix-
ture containing NBT and the homogenate’s post nucle-
ar fraction (10 percent). The results were expressed as
unit per milligram of protein, with one unit of enzyme
defined as the amount of SOD required to inhibit the
rate of reaction by 50 % [28].

c. Lipid peroxidation (LPO)

The quantitative measurement of lipid peroxida-
tion in the rat aorta was performed according to the
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method of Wills. The amount of malondialdehyde
formed was measured by action with thiobarbituric
acid at 532 nm. Reaction mixture contains: 0.1 ml tis-
sue homogenate, sodium lauryl sulphate (SLS), 20%
acetic acid, and thiobarbituric acid. Mixture was heat-
ed at 95°C for 1 h. Then n-butanol and pyridine mix-
ture was added. Absorbance was measured at 532 nm
of the upper layer (organic layer). The results were ex-
pressed as nanomoles of MDA per milligram of pro-
tein using extinction coefficient 1.56 x 10°/M/cm [29].

Determination of ROS in rat heart using
2}, 7’- dichlorodihydrofluorescein diacetate.
Rat heart from each group was isolated and was
homogenate in 50 mM phosphate buffer solution at
10,000 x g for 20 min at room temperature. To the 5ml
of homogenate, 2.5 pl of 2 mM 2] 7’-dichlorodihydro-
fluorescein diacetate (HiMedia Laboratories Pvt Ltd)
dissolved in ethyl alcohol was added. The mixture was
incubated on shaker at room temperature in dark room
for 1 hour. Test sample was analyzed by fluorescence
spectrophotometrically (Systonic S-915 Fluorimeter)
with emission wavelength at 485 and detection wave-
length in range of 500-600 nm. Fluorescence was meas-
ured in terms of emitted fluorescence intensity [30].

Statistical Analysis

All the observations are presented as mean + SEM.
The data is analyzed by student t-test (paired) and
One-way ANOVA followed by Dunnett’s test. *’* sig-
nifies P < 0.05, **'** signifies P < 0.01, ***/*** signifies
P <0.001.* and ns (non-significant) indicates compar-
ison with disease control group (DOCA salt). # and
$ (non-significant) indicates comparison with vehicle
group. Graph Pad Prism 5.0 version statistical soft-
ware was utilized.

Results

In-vitro calcium channel inhibition assay

The maximum contraction in CRC of CaCl, when
treated with vehicle was obtained at 3.5mMol/l. Treat-
ment to same aorta with liriodendrin showed reduc-
tion in maximum contraction by 34.1%. The reduction
was significant (P < 0.001) as compared to vehicle. The
observation suggest that, liriodendrin has blocked
Ca*? influx (Fig. 2). The graph has shifted parallel to-
wards right as compared to normal CRC which signi-
fies the presence of competitive antagonism (Fig. 3).
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Acute oral toxicity study of liriodendrin:

The rats showed no any abnormal behavioural
changes like awareness, mood, motor activity, CNS
excitation, posture muscle tone and autonomic re-
sponses. Anatomy and morphology of vital organs like
liver, brain, heart, lung, kidney, pancreas and spleen
and relative organ weight was found normal. The LD,
was found to be greater than 2000 mg/kg (Table 1a
and 1b).

Table 1a.

Acute toxicity study of Liriodendrin- behavioural examination.

Sr. Parameters 1tday | 7*"day | 14* day
no

A | Awareness

1 |Alertness Increased | Normal | Normal
2 | Visual placing Normal | Normal | Normal
3 |Passivity Normal | Normal | Normal
B |Mood

1 | Grooming Reduced | Normal | Normal
2 | Vocalization Normal | Normal | Normal
3 | Restlessness Increased | Normal | Normal
C | Motor activity

1 | Reactivity Normal | Normal | Normal
2 | Spontaneous activity | Normal | Normal | Normal
3 | Touch response Normal | Normal | Normal

Sr. Parameters 1tday | 7*"day | 14* day
no

D |[CNS excitation

1 | Startle response Moderate Nil Nil

2 | Tremors Nil Nil Nil

3 | Convulsion Nil Nil Nil

E |Posture

1 | Body posture Normal | Normal | Normal
2 | Limb position Normal | Normal | Normal
F | Muscle tone

1 | Grip strength Normal | Normal | Normal
G |Autonomic

1 |Pupil size Normal | Normal | Normal
2 | Skin colour Normal | Normal | Normal
3 | Piloerection Nil Nil Nil

4 | Salivation Nil Nil Nil

5 | Urination Normal | Normal | Normal

Table 1b

Acute toxicity study of Liriodendrin_ relative organ weight.

Sr. | Weight Liriodendrin

no 175 mg/kg | 550 mg/kg | 2000 mg/kg
1. | Liver 244+ 001 | 265+£0.12 240 £ 0.16
2. | Brain 0.8 +0.1 0.8+0.04 | 0.80+0.06
3. |Heart 0.48 + 0.03 | 0.50 £ 0.07 | 0.47 +0.02
4. |Lung 0.64 +0.02 | 0.72 £ 0.03 | 0.64 +0.04
5. |Kidney 070+ 0.02 | 0.77 + 0.04 | 0.69 + 0.05
6. [Pancreas | 0.14+0.01 | 019 +0.03 | 0.15 + 0.02
7. | Spleen 0.20 £0.04 | 0.21+0.06 | 0.20 + 0.0
8. |Total body [177.0 + 462 | 1779.7 + 491 | 182 + 2.019

Body weight

The treatment with DOCA salt showed significant
increase in body weight as compared with vehicle
group. While normalization of body weight was ob-
served in all liriodendrin treated groups and nifedip-
ine group. (P < 0.001) (Table 2).

Systolic blood pressure and heart rate

The non-invasive blood pressure was determined
using tail cuff. The group 4 showed significant rise in
systolic blood pressure as compared to vehicle. Group
5 showed no significant change in blood pressure
while higher doses of liriodendrin (5 and 10 mg/kg)
showed significant (P < 0.05) decrease in blood pres-
sure as compared to group 4.

The systolic blood pressure was also elevated with
treatment of DOCA salt by increasing extracellular
and plasma volume as compared to vehicle group
when measured by invasive method. Liriodendrin
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treatment showed moderately significant (P < 0.01)
reduction in group 5 and 6, while group 7 and 8 has
shown most significant (P < 0.001) reduction in blood
pressure as compared to DOCA group.

Mean arterial pressure was raised in diseased con-
trol group and found to be normal in treatment con-
trol group as compared to vehicle group. Group 7 and
8 showed maximum reduction in MAP (P < 0.001),
while group 6 showed moderate lowering of MAP
(P < 0.05) as compared to disease control group. No
significant change was observed in group 5.

Heart rate with the treatment of DOCA was in-
creased significantly as compared to vehicle. But no
significant reduction was observed in any of the lirio-
dendrin group and nifedipine as well (Table 3).

Serum lipid profile

Diseased control group 4 showed significant rise
in serum cholesterol levels were found as compared
to vehicle group. No change was observed in treat-

ment control groups when compared to vehicle group.
While liriodendrin treated groups showed significant
reduction (P < 0.001) in serum cholesterol levels as
compared to DOCA salt treatment (Table 2).

Serum triglyceride levels were significantly elevat-
ed in group 4 while no significant changes were ob-
served in group 2 and 3 as compared to vehicle group.
Group 7 showed moderate (P < 0.01) reduction while
group 8 exhibited most significant (P < 0.001) reduc-
tion in triglyceride levels. No significant changes were
observed in group 5 and 6 (Table 2).

Serum HDL levels were significantly lowered in
group 4,while no significant elevation in serum HDL
was observed in liriodendrin treated groups and nifed-
ipine group (Table 2).

Determination of serum nitrite level

Serum nitrite level was significantly lowered in
disease control group as compared to vehicle group
(p < 0.001). Treatment control group 3 showed sig-

Table 2
Effect of liriodendrin on body weight and lipid profile.

Treatment Body weight Total cholesterol Triglyceride HDL
Group 1: Vehicle 208.0 + 2.55 105.8 + 5.93 99.23 £ 1.82 58.20 + 3.96
Group 2: Treatment control 1 200.3 + 3.43% 99.7 + 2.01% 101.2 + 1.23% 61.1 + 4.01%
Group 3: Treatment control 2 210 £ 0.18¢ 1103 £ 1.21% 125.3 + 2.42¢ 50.36 + 2.04%
Group 4: DOCA (20mg/kg) 286.8 + 3.52%" 260.9 £ 4.10"* 211.01 £ 2.12%* 45.00 £ 2.12##*
Group 5: DOCA + lirio (2.5 mg/kg) 257.2 £ 477" 2144 + 5.10™ 198.11 £ 1.5%"s 49.00 £ 2.04
Group 6: DOCA + lirio (5 mg/kg) 245.0 £ 1.14™ 2129 + 5.68™ 186.20 + 3.24"s 46.00 + 2.19™
Group 7: DOCA + lirio (10 mg/kg) 241.0 £ 1.14™ 2.19.6 £ 5.89™ 168.20 + 3.34" 50.20 + 3.12
Group 8: DOCA + Nifedipine 225.0 £ 2.16™ 139.6 + 6.34™ 121.30 + 1.43™ 51.80 + 2.27

Group 2, 3 and 4 is compared with vehicle while group 5, 6, 7 and 8 is compared with diseases control group.

Table 3
Effect of liriodendrin on blood pressure and heart
Treatment Non-invasive B.p Invasive B.p Mean arterial Heart rate
pressure

Group 1: Vehicle 17 +540 100.6 + 4.60 90.60 + 2.62 369.2 + 20.67
Group 2: Treatment control 1 105.0 + 3.43¢ 99.1 + 2.06* 95.32+ 1.32¢ 350.4 +10.22¢
Group 3: Treatment control 2 110.2 + 1.39¢ 99.4 + 1.24% 89.8 £ 0.78° 355.8 + 22.34°
Group 4: DOCA (20mg/kg) 157.6 + 2.87"* 166.6 + 5.26"** 118.8 + 2.96*** 4952 + 24.24%
Group 5: DOCA + lirio (2.5 mg/kg) 148.4 £ 2.34m 150.2 + 2.40™ 12.6 £ 143 416.0 + 17.01"
Group 6: DOCA + lirio (5 mg/kg) 1416 + 3.26" 1452 +1.23” 109.0 + 0.32" 4316 +19.38"
Group 7: DOCA + lirio (10 mg/kg) 1403 + 21T 1383 £ 2.79™ 105.2 + 1.85™ 450.4 +18.39”
Group 8: DOCA + Nifedipine 132.4 + 3.06™ 1214 £ 2.96™ 934 +0.81" 426.4 + 24.78"

Group 2, 3 and 4 is compared with vehicle while group 5, 6, 7 and 8 is compared with diseases control group.
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nificant increase in serum nitrite level suggesting en-
hanced nitric oxide synthesis i.e. by value p < 0.05.
Lower dose of liriodendrin didn’t showed any sig-
nificant change as compare to disease control group,
but group 6, 7 & 8 showed very significant increase
in nitrite levels as compare to group 4 (p < 0.001)
(Fig 4).
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Figure 4. Serum Nitrite level

Group 2, 3 and 4 is compared with vehicle while group 5, 6, 7 and 8 is
compared with diseases control group.

Calcium level in aorta

The standard curve of calcium showed linear re-
gression which ensured precision and accuracy of
measurement (Fig 5a). Aortic calcium level in DOCA
salt group was significantly increased (p<0.001), while
group 2 & 3 showed no significant change as com-
pared to vehicle. Treatment with moderate and high
dose of liriodendrin and standard showed significant
(p<0.001) reduction in calcium level. Effect of low
dose of liriodendrin was non-significant as compared
to disease control group (Fig 5b).
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Figure 5b. Concentration of calcium in rat aorta

Group 2, 3 and 4 is compared with vehicle while group 5, 6, 7 and 8 is
compared with diseases control group.

Vascular reactivity to catecholamine:

The pressor response to adrenaline, noradrena-
line and phenylephrine were significantly increased
(P < 0.001) in DOCA salt induced hypertensive rats
as compared to vehicle which confirmed the en-
dothelial dysfunction. The values of treatment con-
trol showed no variations as compared to vehicle
group.

In response to adrenaline, all liriodendrin treat-
ed and nifedipine group showed significant decrease
(P < 0.001) in pressor response as compared to
group 4.

Noradrenaline and phenylephrine have more
pronounced effect on blood vessels. Group 4 aorta
showed prominent rise (P < 0.001) in blood pressure
in response to noradrenaline and phenylephrine as
compared to vehicle. Group 5 showed moderate de-
crease in blood pressure (P < 0.01). Group 6, 7 and
8 showed significant (P < 0.001) decrease in pressor
response as compared to group 4 (Fig. 6).

Effect on integrity of endothelium

DOCA treated group showed significant (P < 0.05)
reduction in vasorelaxation as compared to vehicle
group. Treatment control group showed vasorelaxation
same as that of vehicle group so no significant change
was seen between both the groups. Group 7 and
8 showed significant relaxation (P < 0.05) as compared

to group 4 (Fig. 7).
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Figure 6. Vascular reactivity to catecholamines

Group 2, 3 and 4 is compared with vehicle while group 5, 6, 7 and 8 is
compared with diseases control group.

Determination of eNOS expression by west-
ern blot technique.

DOCA salt treated hypertensive rats showed sig-
nificant (p<0.001) down regulation of eNOS protein in
heart tissue while liriodendrin alone did not showed any
significant change as compared to vehicle group. Hyper-
tensive rats treated with liriodendrin increased the ex-
pression of eNOS as compared to diseased control rat
significantly (p<0.01). Nifedipine treated group showed
most significant (p<0.001) increase in expression of
eNOS as compared to disease control group (Fig. 8).
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Figure 8. eNOS expression
Group 2, 3 and 4 is compared with vehicle while group 4 and 5 is com-

pared with diseases control group.
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Figure 7. Ach induced vasorelaxation

Group 2, 3 and 4 is compared with vehicle while group 5, 6, 7 and 8 is
compared with diseases control group.

Antioxidant assay

DOCA salt treatment developed significant ox-
idative stress in rats as compared to vehicle group.
Treatment control group showed no any changes
in antioxidant level as compared to vehicle group.
Group 5 and 6 showed no significant effect on an-
tioxidants like SOD and CAT levels as compared to
group 4. While group 7 (P < 0.01) and 8 (P < 0.001)
showed significant rise in antioxidant enzyme lev-
els.

Lipid peroxidation was increased in DOCA group
as compared to vehicle. Group 7 and 8 showed signifi-
cant reduction in lipid peroxidation while other group
showed no significant reduction in LPO as compared
to group 4 (Table.4).

Determination of ROS in rat heart using
2}, 7’- dichlorodihydrofluorescein diacetate.
Antioxidant effect of liriodendrin in heart tissue
homogenate was performed using 2, 7’- dichloro-
dihydrofluorescein diacetate. Diseased controlled
group showed significant (P<0.001) increase in
fluorescence as compare to vehicle group indicat-
ing generation of oxidative stress. Liriodendrine
treated group with 5mg/kg, 10mg/kg and stand-
ard group showed significant lowering in oxida-
tive stress as compared to disease control group

(Fig. 9).



Table 4

Effect of liriodendrin on oxidative stress.

SoD CAT LPO
Treatment (% inhibition) (UM H202 consumed)mg (nM MDA

protein / min mg protein
Group 1: Vehicle 8330+ 220 8.44 + 042 9.27 £ 048
Group 2: Treatment control 1 821+ 11 9.02 + 0.29° 9.9+ 0.21°
Group 3: Treatment control 2 85.2 + 0.4 923 +0.57¢ 10.25 + 1.23°
Group 4: DOCA (20mg/kg) 49.7 + 405 4.23 £ 0297 16.69 + 0.93%*
Group 5: DOCA + lirio (2.5 mg/kg) 53.9 £ 3.77m 431+023m 16.1 + 1.29™
Group 6: DOCA + lirio (5 mg/kg) 591+ 2.47m 512 +0.27m 145 +1.01m
Group 7: DOCA + lirio (10 mg/kg) 643 + 167" 6.5 +0.26™ 10.8 + 0.39™
Group 8: DOCA + Nifedipine 740+ 141 7.3 +032" 9.6 + 0.44™

Group 2, 3 and 4 is compared with vehicle while group 5, 6, 7 and 8 is compared with diseases control group.
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Figure 9. Antioxidant assay

Group 2, 3 and 4 is compared with vehicle while group 5, 6, 7 and
8 is compared with diseases control group.

Discussion

Liriodendrin possesses similar pharmacophore as
that of Matairesinol, which has already been report-
ed to be a calcium channel antagonist [15]. Hence it
was hypothesized that liriodendrin will be beneficial
in the treatment of hypertension and endothelial dys-
function.

In-vitro studies revealed that, liriodendrin blocks
the voltage gated calcium channels. This outcome pro-
moted to perform in-vivo study, which was performed
by DOCA salt induced hypertension model in wistar
rats.

Oral acute toxicity study by Up and Down method
was performed for 14 days, which revealed the LD,, >
2000 mg/kg. Considering the toxicity study and previ-

ous research work (Jung et al., 2003), dose of lirioden-
drin for treatment was selected as 2.5 mg/kg, 5 mg/kg
and 10 mg/kg.

Body weight is considered as a vital indicator in any
pathology. DOCA salt increases the release of aldos-
terone, which improves sodium and water reabsorp-
tion. Increase in water level leads to weight gain. The
DOCA salt group showed a considerable rise in body
weight, which is in line with earlier research. While the
weight of liriodendrin treated animals were increased
but in a normal pattern as compared to DOCA salt
treated group. Probably enterolactone, the metabolite
of liriodendrin would have reduce the calorie intake
by stimulating fat breakdown and boosting the growth
of friendly gut bacteria [31].

In comparison to the DOCA-treated group, lirio-
dendrin therapy significantly reduced systolic blood
pressure and mean arterial pressure. The possible
mechanism, by which blood pressure was thought to
be reduced, was by blocking the calcium channels and
restoring the endothelium. Also the lignans are found
to reduce the viscosity of blood and protects the blood
vessels from thickening [32]. Dyslipidaemia is the
triggering cause of hypertension and other cardiovas-
cular complications. The total cholesterol in DOCA
salt treated rats was significantly increased in previ-
ous study due to inhibition in activity of HMG-CoA
reductase enzyme [33]. The current study found the
same thing. Liriodendrin and standard treatment sig-
nificantly reduced the elevated total cholesterol levels
as compared to diseased control group.

Triglyceride is transported to blood from liver
through VLDL. Further Lipoprotein lipase hydrolys-
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es triglycerides and converts VLDL to ILDL. Reason
for elevated triglyceride levels in hypertensive rats, is
might be due to increased VLDL level and decreased
activity of lipoprotein lipase enzyme which was con-
sistent with previous studies [35, 34].Liriodendrin has
significantly reduced the triglyceride probably due
to enhanced enzyme activity and reduced oxidative
stress. Role of liriodendrin on these enzymes is un-
known and need to explore.

According to Touyz et.al, the DOCA salt reduces
Ca ATPase which causes decrease in efflux of Calcium
[35].Also increase in permeability of plasma mem-
brane due to hypertension was observed in the pre-
vious study. Hence in total, the elevated intracellular
calcium leads to increase in PVR and so the blood
pressure. Blood pressure was significantly reduced
with liriodendrin. The reduction in intracellular calci-
um reported in this study offered significant evidence
for liriodendrin’s calcium channel blocking capability.

Exogenous catecholamine imparts pressor response
due to sympathetic nervous system stimulation, tran-
sient increase in blood pressure is settled by release of
endothelium based vasorelaxant [36]. Dysfunctional
endothelial cells fail to respond to exogenous and en-
dogenous trigger. When compared to the disease con-
trol group, the Liriodendrin-treated groups demon-
strated a significant reduction in blood pressure. The
effect could be due to endothelial cells releasing nitric
oxide in response to vasoconstriction. This indicates
that the endothelium layer has been spared injury. In
addition, reduced oxidative stress and lipids might
have reversed the endothelial dysfunction.

Acetylcholine is responsible for activation of ni-
tric oxide synthase due to which the nitric oxide level
increases and hence causes vasodilatation [37]. In re-
sponse to ACh, a higher dose of liriodendrin caused
the most vasorelaxation, indicating that the endothe-
lium layer was protected from damage, resulting in
increased nitric oxide release. While diseased control
group showed no vasorelaxation might be due to re-
duced expression and functioning of NOS which is
observed in endothelium dysfunction [38].

Nitric oxide is an unstable vasoactive gas, which
quickly get oxidized to nitrate. NO metabolite, ni-
trate was converted to nitrite using nitrate reductase
and was estimated. Decrease in serum nitrite level in
disease control group indicates insufficient NO pro-
duction resulting from endothelial dysfunction. While
increase in nitrite levels in liriodendrin treated group
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reflects that Nitric oxide level was enhanced suggest-
ing restoration of endothelial health [39, 40].

In present study, it was found that, decrease in NO
level in hypertensive rat is due to downregulation of
eNOS protein. Probable reason for downregulation
of protein may be due to increase in ROS and un-
controlled elevated B.P. This finding indicates that
the disease condition has affected the integrity of en-
dothelium which is congruous with previous studies
[41].Liriodendrin has increased the eNOS expression.
This confirms that liriodendrin possess potential to
increase the nitric oxide level in heart and contribute
to ameliorate hypertension.

Imbalance in free radicals and antioxidants levels
in body develops malfunctions in normal physiology.
Antioxidant effect of liriodendrin was determine in rat
heart by using 2, 7’-dichlorodihydrofluorescein diac-
etate dye by fluorescence spectroscopy. ROS generat-
ed inside the cells oxidizes the dye to highly fluores-
cent form 2 7’-dichlorofluorescein which is detected
[30]. More the ROS formed, more the fluorescence is
generated. In the present study disease control group
showed maximum fluorescence indicating generation
of oxidative stress. Liriodendrin group significantly
reduced the oxidative stress generated by DOCA salt
confirming the antioxidant potential of liriodendrin.

Antioxidant effect of liriodendrin was also studied
in descending thoracic aorta. Assay was performed
using nitrobluetetrazolium, thiobarbituric acid and
hydrogen peroxide. Significant improvement in anti-
oxidant levels i.e. superoxide dismutase, catalase and
lipid peroxidation with liriodendrin treatment was
observed. This revealed that the oxidative stress cre-
ated by DOCA salt treatment might have reduced by
liriodendrin by enhancing antioxidant levels, which
scavenges free radicals.Further research is needed to
explore the benefits of higher dose of liriodendrin.
Gene expression and bioavailability studies will make
the finding utilize clinically.

Conclusion

Liriodendrin has potential to antagonize the volt-
age gated calcium channels and reduce oxidative
stress. It is also found promising in protecting en-
dothelium which ultimately improved nitric oxide re-
lease (Fig.10). Thus, liriodendrin has beneficial effect
in hypertension, further detail mechanisms need to
explore to establish the possible therapeutic applica-
tion of liriodendrin.
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