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ABSTRACT

Smoking is responsible for the death of about 3lkom subjects every year, 10,000 deaths per dayoking is a
major risk factor for cancer, heart and lung diseasThe smoke is able to cause tissue oxidativagkuat various
levels. Boerhaavia diffusa (Spreadind Hogweed) fiseglicinal plant which belongs to the family Ngitaceae is

traditionally known as Punarnava in India. In thésudy we investigated the efficacy of antioxidapeever of B.

diffusa by analyzing all the parameters in plasw&DL-C, LDL-C, HDL-C, HDL2-C, HDL3-C, LDL-Protein,
HDL-Protein, VLDL-Protein, MDA, CD and invitro oxighbility of LDL in absence and presence of B ugif

Keywords: Boerhaavia diffusaljpid peroxidation, total antioxidant power.

INTRODUCTION

WHO ranks smoking among the 10 greatest risks #iting¢l] and estimates about 1 billion men and &&lhion
women currently smoke cigarettes. At present, apprately 5 million people die each year from tobacelated
illness and this figure is estimated to rise towhi0 million by 2025, most of the increase beinghird world
[2].WHO indicates 47% of men, 12% women being smelked smoking is responsible for the death of aBdu
million subjects every year, 10,000 deaths per 8ayoking is a major risk factor for cancer, head aing diseases
[3]. For every one person who dies of smoking ladtiable diseases, 20 more are suffering with dtle@es serious
smoking related iliness [3]. Cigarette smoking isixture of over 4000 chemicals containing bioaetsubstances
[4]. One puff of a cigarette exposes the smokensoe than 1 free radicals and other oxidants and additiores fr
radicals and oxidants are found in the tar of armtie [5]. Further damage may be caused by thegembus
formation of oxidants which affect the inflammatanymune response [6]. The burning of tobacco apenature of
830-900° C leads to the production of about 500@aaly identified toxic substances of heterogeneoixure
containing gaseous phase like CO, Nitrogen Oxiddigpsamine etc and solid phase which are prodofts
pyrolysis like nicotine, phenols, aromatic polydgdhydrocarbons in addition to free radicals [7heTsolid phase
contains relatively stable free radicals while gaseone contains small free radicals of oxygerhaamand sulphur,
high concentration of nitric acid and aldehyde rtiee The smoke is able to cause tissue oxidatarmage at
various levels [8] and contributes significantlyttee appearance of endothelial dysfunction andh¢oalterations
which induce arteriosclerosis [9]. Increase indipier oxidation products [10] particularly importdor increase in
LDL oxidation [11] accompanied by a decrease in Hibolesterol level is reported [12]. Tobacco isoagged in
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the active smoker with the occurrence of ischemaidiopathy, acute myocardial infarction [13], sudd®ronary
death, arterial hypertension [14], atherosclerfi$$ and in passive smoker with increased prevaeidcCVD [16].
The term antioxidant refers to any molecule capabkabilizing the deactivation of free radica&fdre they attack
the cells.Invitro, LDL can be modified oxidatively in the presenceToénsition metals such as iron and copper.
LDL oxidized by the cell-free system is physiocheatly and biologically indistinguishable from thiay cellular
system[17]. Invitro LDL oxidation is widely done through the measuraemef CD( conjugated diene) and
MDA(Malondialdehyde) formation [1]8 Boerhaavia diffusa(Spreadind Hogweed) is a medicinal plant which
belongs to the family Nyctaginaceae is traditignthown as Punarnava in India. The plant was nameithe
honour of its discoveror, Hermann Boerhaave in T@tfitury[19. The roots, leaves, aerial parts or the whole plant
of B. diffusa have been employed for the treatnoéntarious disorders in the Ayurvedic herbal meatkciThe first
pharmacological studies have demonstrated thatdbts of punarnava exhibit a wide range of propsrtianti-
inflammatory[2Q [21], diuretic[2], blood pressure[d2 laxative[23, anti-urethritis[24, antifibrinolytic[29,
anticonvulasant[Z6 antibacterial[2], antihepatotoxic[ZB diuretic[29, flower and seeds are used as a
contraceptive[2B jaundice[3). The plant is reported to be efficient for theatreent of tumors and cancer, to
decrease the albumin urea, increase serum protain l@aver serum cholesterol levgdl]. Recent studies
demonstrated that the leaves Bfliffusareduce glucose level in blood. Ethanolic extracBo diffusashowed
immunosuppressive activity on human cg8g]. In this study we investigated the efficacy ofiaxidative power of

B. diffusaby analyzing all the parameters in plasma, VLDLEOL-C, HDL-C, HDL2-C, HDL3-C, LDL-Protein,
HDL-Protein, VLDL-Protein, MDA, CD and invitro oxidability of LDL in absence and presenceBofdiffusa.

MATERIALSAND METHODS

Chemicals: All chemicals used for this study were of analgtigrade and obtained from HIMEDIA (India), Sisco
(India), Ashirwad (India), Sigma-Aldrich (USA), Mis (USA) etc. All the Glasswares used were of bbros
company and plastic wares from MS Tarson and Himedlicropipette from Eppendorf company, India.
Instruments used during study were Electronic mdarpH meter, centrifuge, spectrophotometer, inmrga
rotatory shaker, soxhlet apparatus, autoclave, tteeper, refrigerator, magnetic stirrer, hot aiei, water bath etc.

Experimental Design: The research was carried out at the Departmentiate@nology and Pharmaceutical
Chemistry, UCST, Dehradun. Normal control and Yoanmkers subjects were recruited from college campll
the subjects where ethnically homogenous with similutritional habits free from alcohol consumptenmd were
drinking maximum 3-2 cups of tea a day, had nomiteintake 3 months before the initiation of thedst. During
recruitment the blood was drawn from the subjeotghe morning after all night fasting, transferredo a
heparinized glass tube. Plasma was collected hyiftegation and used for the analysis of Glucoss, TC, VDL-
C, LDL-C, HDL-C and its sub fractions, HDL2-C andH3-C.

250g of powdered dried roots &. diffusawere taken for extraction using 1lt ethanol, metiaand aqueous
medium through soxhlet apparatus.

Collection of Blood and Plasma: At the end of the experiment treatment, overnfgisted subjects in each group
were anaesthetisized and blood drawn from cardiaxctpre. The blood from each patient in a givenugravas
collected in heparinized tubes, mixed gently byemsion 2-3 times and incubated at 40 C for 2-3 Rtasma was
separated from the blood by centrifugation at 25@®0 for 30 min, aliquoted and either stored “a 4r frozen at -
20°C for use in other experiments.

Estimation: Determination of Nicoting33], Carbon mono-oxide saturatidB83], Plasma Triglycerides [34
Fractionation of plasma lipoproteins such as LDB][3HDL and its subtractions HBLand HDL; [36], Protein
estimation[37], Plasma FRAP [38 LDL oxidation in presence and absence of Vit.[X8] [39], Lipid
peroxidation[4(, ThioBarbituric Acid reactive substances (TBARS)LDL [41].

Statistical evaluation: This was done by employing two-tailed Studenestt[”. P value less than 0.02 were
considered significant.
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RESULTS

M easurement of physiological parameter of non smokers and young smokers: The results for the physiological
parameters of age, height, weight for male famlales of both normal and young smokers showraislel'1, do not
have anysignificant difference. This depicts that they dut have any significant role ideciphering the smokers

from the normal healthy persons.

TABLE 1. Measurement of physiological parameter of non-smoker sand novice smokers

Parameters Non-smokefs  Young-Smokers
Number 9 11
Male 5 11
Femalt 4 -
Age (yrs, 19.77+0.18" 22+0.27
Weight (kg) 52.55+0.15 | 63.55+0.15
Height (cm) 165.66+0.19] 167.63+0.17
Number of cigarattes/da: - 7+0.301
Smoking history (yrs) - 3+0.30
Smoking Inde™ - 21+0.217

"Values are meanzS.D. from all groups of subjédtumber of cigarettes per day xsmoking history

Measurement of nicotine, carbon mono-oxide saturation and lipid profile of non-smokers and novice
smokers. As shown inTable 2, the results show a modest and significgarease in blood nicotine and carbon
mono-oxide. Plasma TC, VLDL-C, LDL-C, HDL-C, HDL2;E&DL3-C and Non HDL-C levels in smokers as also
observed to increase in smokers compared to nokessias seen in Fig. 1. This maybe due to markedhgased
production of oxidant and significantly diminishadtioxidant defence. The results are in accordémtlee reports
of Science Daily. Similar results have been produoe increase in HDL-C and its subfractions HBL; HDL5-C
conc[42] Increase conc of VLDL-C, LDL-C and TC has beem atported[43B.

Table 2.M easurement of Average value of nicotine, Sco%, TC and Lipid Parameters

S

VLDL-C(mg/dl)

17.126+0.021

Parameters Non-smokers | Young-Smoker
Nicotine (ug/mi) 2.2040.06 (i-fjg%g;)
Carbon monooxide saturation (Sco%e) 1567.21190.05’L 7(241_83330%)6,6
TC (mg/dl) 137.96:0.163 21(5-505353&01
29.22+0.036

(+70.61%)

LDL-C(mg/dI)

88.60+0.13

146.002+0.004

(+66.66%
Non-HDL-C(mg/dl) 105.735:0.17 13%?8“—’&/15
HDL-C(mg/di) 32.55+0.04 S(jggig%
HDL-C(mg/di) 10.07740.022 1(%813_3%22)?
HDL5-C(mg/di) 21.148:0.043 3;‘;2‘1%&%2
MDA (Plasma) 0.45150.01* 0-?}3501-‘32)5*

"Values are meanzS.D. from all groups of subject.(T@al Cholesterol), VLDL-C (Very Low Density Lipotein, LDL (Low Density
Lipoprotein), Non-HDL value= TC-HDL-C

MEASUREMENT OF LIPID PROTEINS: As shown in Fig. 2, VLDL-Protein significantly ireased while
LDL-Protein and HDL-Protein significantly decreaded young smokers compared to control value. Simiésults

have been reported [H45].
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Fig. 2 Measurement of Lipid Proteins
ESTIMATION OF RATIOS OF LDL-C/HDL-C, LDL-C/TC, HDL,-C/HDL3-C and TC/HDL-C: Table 3
depicts the ratios of LDL-C/HDL-C and TC/HDL-C tedease while LDL -C/TC and HIIC/HDL5-C to show
increase.

Table 3. Average value of ratios of different parameters

Parameters Non-smokers| Young-Smokers
LDL-CHDL-C | 2.718+0.10 2'6(?142;&)13
LDL-CITC 0.634:0.008 O'?Z?_E%b%)g*
HDL,-C/HDL,-C | 0.4760.009 O(fffizg&l)
TC/HDL-C 4.281%0.001 3.(??36%%/})4*

"Values are meanzS.D. from all groups of subject

MEASUREMENT OF TOTAL ANTIOXIDANT POWER (TAP) IN DIFFERENT B. diffusa EXTRACTS:

Fig 3 depicts measurement of Total Antioxidant Poiwethree different solvent mediums Br diffusaat different
concentration. The maximal TAP as found in Methanektract ofB. diffusacompared to ethanolic and aqueous
extracts. The effectiveness of the methanolic ektwhB.D. being high has been repor46.
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Fig 3. Measurement of TAP of Boerhaavia diffusa M ethanol, Ethanol and Aqueous extracts
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MBD (Methanol extract of B. diffusa), EBD (Ethaeatract of B. diffusa), ABD (Aqueous extract oflifusa).

MEASUREMENT OF TAP IN LIPID PROFILE: Fig. 4 shows decrease in the total antioxidant pafé.DL-
C, HDL-C, HDL,-C, HDLs-C and VLDL-C for smokers compared to non smokers.
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Fig. 4 TAP measurement in lipids

MEASUREMENT OF TAP IN PLASMA IN THE ABSENCE AND PRESENCE OF BD:

Results depicted in Fig 5 is the measure of tatiibaidant power in plasma without and with extratB. diffusaat
two concentrations(10ul,20ul) which shows significeeduced TAP in smokers than non smokers. As agde
plasma treated with BD in both smokers and non &mKAP significantly increased. The excessivedase in
free radicals in smokers reduced plasma FRAP l&eeh normal control value. Thivitro treatment of non-
smokers and young smokers with BD increases in gamlp. Oxidative stress increases in smokers alaehigher
production of ROS (Reactive Oxygen Species) orcgmfty in the antioxidant defense system, thusihgatb
various pathological conditions. An antioxidant gmund (ours bein®. diffusg might contribute to TAP of such
damage. Our results show a significant decreasEAIR status in the plasma of young smokers and faignit
increase after treatment wikh diffusa.

MEASUREMENT OF LDL OXIDATION: Table 4 shows thexvivobasal values of CD (Conjugated Diene) and
MDA (Malondialdehyde) of LDL Oxidation in young srers to significantly increase in comparison to
nonsmokers value. After the Cu2+ mediated LDL Otiadain each group were significantly increased.eXpected

in vitro LDL Oxidation was carried out in the presence @ ®hich decreased the maximal amount of CD and
MDA of LDL oxidation after 4 hours incubation (fi§, 7). These results indicate a strong antioxiggtroperty of
BD which could be a good source of natural antiariceffect oB. diffusahas been proved [47].

31
Pelagia Research Library



Amir Khan et al Der Chemica Sinica, 2013, 4(3):27-35

—_

TAP(nmol/mg)
oo oo
DRl ®mo o

with
B 20micralitre )

wiithout BD
[2Zomicrolitre)

with
B 10micraolitre

wi ithot
B 10microlitre)

Parameters

Onon smokers Byoung smokers

Fig. 5 Measurement of TAP in plasma

Table4. LDL oxidation with or without B. diffusa

Incubation time CD formation MDA formation
Conc{ul) (32°C) in hrs (nmole/mg protein) (nmole/mg protein)
Non smokers | Young smokels Non smokefs Young smokers
* *
10 0 180.12:0.037* Z?Séiﬁég% 0.3815:0.003 O'(‘ig]g(ig%
10 CuSQ 270.12:004* 311.120.03* | 0.80120.003* | 0.62210.003*
(4 hrs) (+49.98%) (+30.11%) (+110.01%) (+29.15 %)
10 CuSQ+ BD 209.14:0.04* 270.16:0.6* 0.17550.001* | 0.412%0.0005*
(4 hrs) (-22.57%) (-13.18) (-78.091%) (-33.62%)
= 350
£ 300
= 250
= = 200
S = 150
= "é‘ 100
g =% S0
S O T T
5' Zero time LSO A A hrs ) ZILIE0A and BD (s )
- Conjugated diene formation{10microlitre)
anon smoker \@young smoker

Fig. 6 LDL oxidation for CD formation
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Fig. 7 LDL oxidation for M DA formation
DISCUSSI ON

Cigarette smoking is firmly established as a prynésk factor for atherosclerotic cardiovasculaseadise. Increased
oxidative stress is one of the principal mechaniemsvhich it may exert its pathological influendéene cigarette
smoke induced extensive proatherogenic changestitatrred in young smokers, were reflected on &tyaof
parameters, such as, plasma and lipoprotein lipidsiding cholesterol and plasma lipid peroxidatipmoducts,
plasma total antioxidants. Treatment of smoke eggaats withB.diffusasignificantly reduced the overall oxidative
burden and effectively ameliorated the above altgsarameters, thus, indicating a strong hypolipidéanti-
atherogenic and antioxidant effect of ethanolictregrtract of this plant. The increase in plasma [E&els is
apparently due to an increase in VLDL-C which carthe result of either increased VLDL productiordecreased
VLDL clearance. It is possible that massive fregigal load in smoke control rats may stimulate VLPpdoduction
by increasing adipose tissue lipolysis, increasiagatic de novo fatty acid synthesis, and decrgasapatic fatty
acid oxidation, all of which provide fatty acid stikate for esterification into TG and assembly MtdL particles

in the liver. ThereforeB.diffusaroot extract may exert their cholesterol loweraffgct in cigarette smoke exposed
rats in a similar manner as previously reportedhfggerlipidemic animals [4819] and humans [50, 51], which in
turn is reduced by a decline in its protein ma®s $2]. Antioxidant property oB.diffusaethanolic extract possibly
is due to the presence of phenolic compounds —Rlzids, Flavones and Flavonols which have been been reporte
to be a source of antioxidative characteristicsiradty [53].

The high scavenging property of ethanolic extrddBdiffusaplant may be due to hydroxyl groups existing ie th
phenolic compounds chemical structure that canigeothe necessary component as a radical scaveRgss.
radicals are often generated as byproducts of giicdd reactions or from exogenous factors. The lvemments of
free radicals in the pathogenesis of a large nurnbdiseases are well documented [54-62]. A poseavenger of
free radicals may serve as a possible preventatigevention for the diseases. Ethanolic extrad®.diffusaplant in
this research exhibited antioxidant. The antioxidaotential may be attributed to the presence dfgienolic
compounds.

CONCLUSION

B.diffusa mediated multiple therapeutic benefits describedhie present study, daily intake of BD as dietary
supplement by novice/young/old moderate or heawkems as well as chronic smokers including passimekers
including passive smokers maybe useful in the ptesien and treatment of tobacco include hyperépiia and
atherosclerosis. In addition, daily intake of BDIwvaie efficacious and cost effective and a goodreewf natural

antioxidant.
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