10

11

12

13

14

15

16

17

18

19

20

21

22

23
24

ORIGINAL RESEARCH PAPER

Factor s affecting radiopr otective efficacy of Ocimum sanctum(Tulsi)

extract in mice

Abstract:

Background:Oscimum sanctum (Tulsi) is well reported for its medicinal valuas Ayurveda.
Although several chemical radioprotectors have shaxcellent protection unden vitro
conditions, lack of acceptable efficacy undewrivo conditions and/or undesirable toxicity has
limited their applications in humans. Tulsi leavdract have shown significant normal tissue
radioprotection in cell culture and animal modelpieclinical studies.

Aim: This study intends developing a standardiz&ttagtion procedure so as to minimize
variations in bioefficacy of extracts.

Methods: In the present study, a number of fadteleted to the extract preparation were found
to influence the total yield and orientin (a potehtbioactive component responsible for
radioprotection) level that included the seasorawf material collection, geographical location
of plant material, extraction method used.

Results: Although the plasma levels of orientin aadioprotective efficacy varied with the
orientin levels in the extract, orientin does ngipear to be the sole determinant of
radioprotection afforded by the tulsi extract.

Conclusion: These results imply that careful extosmcof plant material is a prerequisite for
maintaining its bioefficacy and identifying at Iéasme bioactive marker (like orientin here) may

help in achieving this to a large extent.

Key Words: Herbal extract, Radioprotector, TulsitfrEction method
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1. Introduction

The applications of ionizing radiation in our dayeay life are ever increasing, starting from
power generation to medical diagnostics and hezdtle, despite its well known deleterious
health effects. The most deleterious effect ofatoin on the biological system includes damage
to the genetic material (DNA) which can lead taasth breaks and oxidative base damages.
Under the present circumstances the chances ohgdaar unplanned radiation exposure has
increased considerably due to the increased depeynd# radiation in medical practices and
increased probabilities of terrorist activitiesafed exposures include predominantly medical
diagnostics with external radiation source or médly administered radiotracers and tumour
radiotherapy while unplanned exposures can ar@m® fnadvertent human errors of radiation
workers, accidents at nuclear power stations, fistrevent involving nuclear or radiological
weapons etc. A significant amount of research tffand resources have been utilized
worldwide to protect or ameliorate the radiatiofeefs on biological systems, especially the
normal tissue injury to the human subjects [1]. idw@er, till now only Amifostein or WR2721
has been approved by USFDA for use as a radiopootet normal tissue under close medical
supervision owing to its associated toxicity. THere there is a growing interest in developing
radioprotector from commonly available antioxidanterbs and other safer alternatives.
Encouragingly, majority of the herbal extracts omg of their combinations have shown
considerable radioprotective properties in prechhistudies involving cell culture and animal
models [2-4]. However none have progressed to nmoanuprimate studies or trails in human
subjects. One of the main and important reasonshen case of herbal preparations or
formulations from herbal origin is degree of vaoas in the possible bioactive components in

the extract contributed by reasons like variatibosn batch to batch, season to season, age of

2
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the raw plant material, geographical location (ieficing soil condition) and extraction methods
besides several others including lack of substand@entific documentation and low
acceptability at the global level.

Tulsi or the ‘holy basil’ Ocimum sanctum L.) has been traditionally used against several
common and life threatening ailments in India. Kna tulsi (a variety ofD. sanctum with
darker leaves) has been extensively studied for i&dioprotective efficacy
by Uma Deviet al., [1, 5-6]. The extract of tulsi leaves has shovgngicant radioprotection in
mice model when administered five consecutive déysce a day for five days) before
irradiation. Interestingly, the protection offerbg tulsi extract was selective to normal tissue
and not compromising the cancer cell killing efeof radiation in tumor cells. Further studies
from the same group identified two isolated commtsum the extract, namely orientin and
vicenin, which could provide an equivalent degréeadioprotection in mice model [5]. Those
two compounds therefore have been suggested ag biagctive principles available in the
whole extract responsible for radioprotection.

The current study is a further extension of theli@arstudy and intends designing
a better extract preparation method and adminigtraschedule to achieve maximum
radioprotection. The study used tulsi leaves ctdi@drom different geographical localities of
Coimbatore, Tamil Nadu and during different seas@hdracts were prepared using different
extraction methods and their characterization wasedincluding the estimation of orientin
content in the extract. Their efficacy was studiednice model and was correlated with the
orientin content in the extract as well as the pladevel of orientin in mice administered with

the extracts.
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3. Material and methods

3.1. Collection of plant materials

The fresh mature leaves of Black TulsO.( sanctum L.) were collected from
the different places in and around Coimbatore (Btindar University campus, Palakkad and
Mettupalyam), Tamil Nadu, India during the thredfedent seasons: Monsoon, Winter and
Summer. The surface pollutants were removed by wgdhe leaves with distilled water and
were shade-dried at room temperature. The driacktemere powdered using a mixer and were
used for solvent extraction.

3.2. Chemicals

All the chemicals used in this study were purchdsat Sigma, Mumbai, India.

3.3. Extraction of Tuls leaves

The powdered Tulsi leaves were extracted using lebxdnd reflux extraction methods as
described below. The extracts were further evatlfdeyield, orientin content, bio-efficacy and
plasma bioavailability of orientin.

3.3.1. Soxhlet extraction: The dried sample was made into a thimble and exawith organic
solvents such as petroleum ether, chloroform, aegtmethanol and double distilled water using
Soxhlet apparatus.

3.3.2. Reflux extraction

3.3.3. Successive solvent extraction: The dried powder was extracted with organic solveich
as petroleum ether, chloroform, acetone, ethandl double distilled wateunder a refluxing
condition in a round bottom flask.

3.3.4. Direct solvent extraction: The dried powder was extracted with double distilleater

under a refluxing condition.
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The different extracts were concentrated by rotaguum evaporator (Yamato RE300, Japan)
and then air dried.
Extract recovery percentage or yield
The extraction yield, a measure of the solventidficy to extract specific components from the
original raw material, was calculated by the foliogvformula-

Extract Recovery (%) = {Extract yield of plant sdefdg)}/ {Total amount of plant

sample (g)} X 100

3.4. High performance liquid chromatography (HPL C) analysis of orientin

Orientin, a known bioactive principle present inisiuwas diluted in a mixture of DMSO and
water (1:9 v/v) for use as a standard. All the demwere filtered by 0.45 um PVDF membrane
before injection to HPLC.

The chromatographic separation was performed on Ga6AD Shimazhu LC (UFLC)
Chromatography system equipped with LC-6AD-Shimakkupump system and SPD-20 A
UV/VIS Detector (Spinco, USA). The HPLC analysisswaerformed on a Luna 5u C18 (2)-
100A (250x4.60 mm) [ d. The mobile phases included Acetonitrile (solvé&)tand 1% (v/v)
acetic acid in water adjusted pH-3 with sodium bydite (solvent B). A gradient elution
programme was used for separation as follows: 15¢5Amin), 15-40% A (10 min), 40% A
(20 min), 40-0% A (10 min). The flow rate was 1 miA. The injection volume was 20 ul while
the column temperature was maintained at 40 °Cnabigzas monitored at 330 nm with the
UV/VIS detector [7]. The HPLC equipment was cor&dlby ‘LC’ Solution Software version

2.1.
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3.5. Bio-efficacy Studies

2.5.1. Extracts and Administration: Three treatment schedules were designed for thaabxt
single i.p dose of 50 mg/kg b.w of mice 30 min beforadiation, single i.p dose of 25 mg/kg 30
min before irradiation and 5 i.p doses of 10 mdilg in five consecutive days the last injection
being at 30 min before irradiation.

2.5.2. Miceand irradiation: C 57 BI/6 male inbred mice weighing about 20+2eyevmaintained

in the animal house facility of the institute undéandard temperature and humidity conditions.
Standard animal feed and free access to dinkingvitpr was available to the animal. All the
experiments used 4 to 6 animals per treatment gwaitip proper control, drug control and
irradiation control groups for comparison. Use pp@&imental animals was strictly accordance
with the Institutional Ethics Committee.

Irradiation of animals was performed using a Co@thgna irradiator (Bhabhatron teletherapy
Unit, Panacea Biotech) at a dose rate of 1 Gy/mih the SSD adjusted according to the dose
rate in a field size of 35x35 mm. The doses welecssd based on the end point of the
experiment.

3.5.3. Survival and body weight: Animals were exposed to 10 Gy of whole bagelyadiation and
observed daily for death in the next 30 days asrdes] earlier [3]. Their body weight and
visible behavioural and physiological changes vadse recorded on a daily basis.

3.5.4. Sleen body weight Index and Endogenous spleen colony forming assay: Animals were
exposed to 5 Gy whole bodyradiation and sacrificed on Hay for counting visible colonies
on their spleen fixed with Bouin’s fixative [3]. Ben weight and body weight on”liﬂay were
considered for calculation of spleen body weiglilex and was expressed as spleen weight per

100 g body weight [8].
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3.6. Estimation of plasma orientin

Plasma was collected from blood of animals adnmenest tulsi extracts. The extract doses and
time points were based on the results of survittadiss. Plasma proteins were precipitated out
with methanol [9], centrifuged and the remainindgusons was 0.45um filtered for HPLC
analysis. Plasma orientin levels were determinddgustandard HPLC method on a Waters
HPLC system equipped with water 515 HPLC pump, Wafd 7 plus autosampler and waters
2487 PDA detector. Separation was performed innanggtry C18 250 mmx4.7mm ID; oM
column at a flow rate of 1 mL/min for the mobilegsie 1% acetic acid: acetonitrile 80:20 (A):
methanol (B) as linear gradient run consistingAf§0% to 60% in 0-2 min, 60% to 50% in 3-
5min, 50% to 50% in 6-20 min. Each run was follovilsda 10 min equilibrium period with 80
(A):20 (B). Absorbance was detected and record@agus Water 2998 photodiode array from
210 to 400 nm at 1 nm intervals. Chromatograms wgteacted at 348 nnmi (max for orientin)

to achieve high sensitivity against endogenous @amg@s in the chromatograms. Respective
blank and pure orientin spiked plasma samples aks@ run for calibration, drawing standard
curve and method verification.

4, Statistics:

Kaplan-Meier survival assay was performed using SB&tware. All other data were analysed
using student’s test and”<0.05 was considered significant.

5. Results

5.1. Yield of whole Tuls extracts

Hot solvent extraction methods (Soxhlet extracaod reflux method) showed higher recovery of
the total leaf extract and better extraction of gudyphenolic compounds (Fig 1). Among the

different solvents used for extraction, methandhaeol and water showed higher degrees of

7
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extraction (Fig 1a and 1b, Table 1), with the maximyield (27.56%) in the water extract of leaves
from winter followed by summer (13.73%). Since thegture of soil and nutrition are important
determinants of plant metabolites, we examinedyikll from leaves collected in 11 different
regions in and around Coimbatore. The total yiedth water extracts of leaves collected in the
summer season from four different regions showederate variation with 12% in the leaves from
Somayampalyam and 17.5 % from Bharathiar as weédlasamadai. The yield was generally lower
in the monsoon season with a maximum value of #ldnd highest in the winter where up to 31%
was observed. These results strongly suggesththatield of total extracts vary significantly with
the leaves collected in different seasons, whitariies moderately in leaves from different regions
5.2. Orientin content of Tuls extracts HPL C analysis

Since orientin has been suggested as a potentia @omponent responsible for radioprotection
from the Tulsi extracts [5, 6] we also examined ¢l&acts of leaves from different seasons and
regions with respect to their orientin content.ur@?2 shows typical HPLC finger prints of Tulsi
extracts with identified peak of orientin from etlohextract of leaves collected in winter season.
Orientin content in the extracts were estimatedhfrthe integrated area under the orientin peak
in different extracts and the standard curve geadrawith the standard orientin in the
concentration range of 100-400g/ml . Different extraction methods showed sigmifit
variations in their orientin content as shown irblEal. Among the different solvent extractions,
the water extract (TWM) showed the highest amodrdgr@ntin content (9.91 mg/g). With the
reflux method of extraction, successive ethanolaetion (TEW) gave a higher orientin content
(7.30 mg/g) than the successive water extract (T80 mg/g) and direct water extract (TWS,

4.15 mg/q).
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Based on their orientin content, three water etdrat leaves from three different seasons viz.
monsoon (TWM), winter (TWW) and summer (TWS) as lvad ethanol extract from winter
(TEW) were selected for bio efficacy studies.

5.3. Bio efficacy studies

Our earlier studies have shown significant protec{i70% survival) against lethal radiation dose
of whole body irradiation with aqueous extractsTafsi leaves (10 mg/kg b.w.) from Southern
India when administered for 5 days before irradiatj6]. More recently we observed that a
single administration of the extract from Tulsivea of plant growing in Mana Hills (in the
Himalaya region of India) at a dose of 50 mg/kgedtl 75% (Data not shown). Therefore, we
evaluated the efficacy of three dosage regimen 2tz.and 50 mg/kg b.w. 30 min before
irradiation, and 10 mg/kg b.w. for 5 days befomadiation. Table 2 summarises the results of
bio efficacy in terms of animal survival at lethaldiation dose (10 Gy; 0% survival), CFUs,
body weight and spleen body weight index. The weté¢ract from monsoon season (TWM) at
50 mg/kg b.w administered 30 min before irradiatiwsas most effective with 57% survival
(Table 2, Figure 3a) with an overall increase o&rhe8% in animal body weight (Table 2,
Figure 4 a). The dosage of 25 mg/kg b.w. was etfeanly for TWM while in all other extracts
animals survived for 17 to 20 days (Figure 3a). Ti&Js number remained high (37.33) as well
as the spleen body weight index, which was 479T@®lé 2). Although the extract from winter
leaves (TWS) gave 30 days survival (50%) comparableonsoon (TWM) (Figure 3b, Table 2),
it was associated with a nearly 17% body weight [@&ble 2), low spleen body weight index of

312.5 (Tale 2) and low CFUs number of 11.66 (T&)le
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5.4. Estimation of plasma orientin

In order to examine if differences in the bio-edity (radioprotection) was related to the
variations in the levels of the proposed bioacteeponent (orientin), we estimated the plasma
orientin levels following the treatments (except # mg/kg b.w that did not afford significant
protection compared to other dosage scheduleseT3blThe plasma level of orientin in the
mice blood 30 min after the last administratior.(the time of exposure to radiation) of the
extract was studied by HPLC method in un-irradiatede. The results are summarised in Table
3 and representative HPLC chromatogram shown inr€i§. The TWM extract resulted in a
plasma orientin level of 8.95 = 0.7@/ml 30 min after administration compared to 4.60.36
ug/ml for extract of TWS at the same time and dddee plasma orientin levels corroborated
well with the animal survival and also the orierlgmels in the extract (9.91mg/g for TWM) and
(4.15 mg/g for TWS; Table 1).

6. Discussion

The objective of extracting phenolic compounds frtdmir plantsources is to release these
compounds from the vacuolar structuvdsere they are found, either by rupturing plarduesor

by a diffusionprocess [10]. Normallya high extraction yield is required for an effidigmocess,
althoughit will not necessarily ensure a high concentratainbioactive componentsSince,
some bioactive components are very sensitivextggen and heat [11], more care should be
takento prevent their oxidation and thermal degradatiimerefore the extraction yield and the
bioactive components characteristsfsould also be considered when an extraction meithod
selectedClassical techniques for the solvent extractionwfaceutical§rom plant matrices are
based on the choice of solvent coupled wiith use of agitation and/or heat. Many factors such

as solvent characteristics, ratio of solvent amda, extraction time and temperature, should be

10
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taken into account when the extraction method @seh [12]. Selection of a suitable solvent is
the most important step in optimizing the recoveirgesire components from a complex matrix.
In the present study, water and alcoholic extrsictsved higher yield of the total extract, which are
also well known for their effectiveness in extragtipolyphenolic compounds from plant extracts
[13]. Amongst the polyphenols, Orientin is one feg tajor flavonoids found in alcohol and water
extracts of Tulsi leaves suggested to be largedgamsible for radioprotection [6]. It appears that
different extraction methods lead to significanffatences in the levels of polyphenolic
compounds like orientin that could be recoverednftbe tulsi extracts (Fig 1) and therefore, the
choice of extraction method(s) should be basedersburce of the material and components of
interest for a particular bio-effect. Radioprotenti the focus of bio-efficacy in the present
studies showed higher survival rate against ramhainduced mortality with extracts having
higher orientin content. The alcoholic extract imgva higher orientin level, though showed a
considerably higher survival rate equivalent taaiisieous counterpart, was not able to produce a
higher CFUs and also showed a significant weigbs lof about 17% body weight over 30 days
of observation period. Furthermore, aqueous exthas an additional advantage from the
therapeutic view point as it is widely acceptedaadrug unlike the alcohol preparation that has
associated toxicity and other application issuéréfore, the aqueous extract of tulsi appears to
be a better candidate as a radio-protective adwr the alcoholic extract despite having
equivalent or higher orientin content, as repodadier [6]. The extent of weight loss and CFUs
induction may also be dependent on other bioacoraponents present at a sufficient level in
the aqueous extract compared to the alcoholic extveghich needs further investigation. The
plasma level of orientin appears to be independénhe solvent used for extraction, as the

plasma levels observed were nearly proportionateedevels in the crude extract. Interestingly,

11



254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

a dose of 50 mg/kg body weight of the extract cduldld up a higher plasma orientin level
(Table 3), which was nearly 5 times of 10 mg/kga&stt given over 5 days, justifying the single
injection protocol.
7. Conclusion
Taken together, results of the present studiesatelithat the method of extraction, the choice of
solvent, the geographical location of the raw plaaterial (that determines the nature of the soill
and nutrition, besides the associated microbes)tadeason of collection of Tulsi leaves may
have significant influence on the bio efficacy (ogdotection) of the preparation. However,
appropriate bioactive principles can be used asrnat standards for optimizing the overall
preparation for intended bio efficacy, like for exale the orientin level in the present studies
with protection against radiation-induced lethaly an end point. Since the aqueous extract
resulted in a better recovery of the animal weightddition to 30 day survival similar to
alcoholic extract, a reliable signature of aqueextsraction coupled with orientin level can
together serve as markers for ensuring reprodutitivefficacy. A more detailed study on the
minimum content of the bioactive principle(s) ire thxtract itself and the plasma level of the bio-
effective component correlating the extract biaaftly from lot to lot can be useful in optimizing
the preparation.
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Figurelegends:

Figure 1. Depicts the yield percentages based draction method used on Tulsi leaves
collected in various seasons. A) Soxhlet methoextfaction with successive solvent on
leaves collected in monsoon season, B) Reflux naettfoextraction both successive
solvent and direct solvent methods on leaves deliein winter and summer seasons.

Figure 2. Depicts representative HPLC chromatograin®thanolic extract of tulsi leaves
collected in winter season (TEW).

Figure 3. Depicts the Kaplan Myer survival plot mice after 10 Gy whole body gamma
irradiation: A) TWM and B) TEW.

Figure 4. Depicts the change in body weight for@pwhole body irradiated mice during 30

days of observation treated with different dosetulsi extract: A) TWM and B) TEW.
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320 Figure 5. Depicts the HPLC chromatograms of miesipla with different treatments: A) plasma

321 of control mice with no orientin, B) mice plasmalksa with standard orientin and C)
322 mice plasma from animal treated with tulsi exti@avMm).
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366 Tablel: Yield and Orientin content of Tuls extracts

Samples Solvent Method of extraction % Yield (g) Orientin
(mg/g extract)

TWM! Water Soxhlet extraction 5.87 9.91

TEW? Ethanol Reflux extraction 3.5 7.30

TWW? Water Reflux extraction 27.56 3.30

TWS' Water Reflux extraction 13.73 4.15
367
368 Extract yield per 100g of powdered sample andotientin content in the extract measured
369 by HPLC method are depicted for the extracts setedor further bioefficacy studies.
370 TWM: Tulsi water extract-Monsoon season,
371 *TEW:Tulsi ethanol extract- Winter seasofWW:Tulsi water extract-Winter season,
372 “TWS  Tulsi water extract- Summer season. It may be nthed soxhlet extraction
373 method with water as solvent resulted in highesntin conent with moderate yield while
374 reflux extraction with ethanol also resulted inthigrientin content but the overall yield was
375 less.
376

377 Table 2: Bioefficacy evaluation of varioustuls extracts

Samples Dose Survival Body weight Spleen body weight CFU-scount

(mg/kg) (%) change (%) index (mg/100g)

TWM* 25 25 -4.64 421.38+28.12 7.66+2.34
50 50 8.03 479.89+32.11 37.33+7.17
5x10 25 7.9 444.26+30.24 24.33+7.67

TEW? 25 0 na 370.75+25.25 6.33+1.17
50 50 8.18 471.10+35.15 12.66+2.33
5x10 50 6.26 465.63+33.17 10.66+2.84

TWW? 25 0 na 446.47+24.03 16.66+3.14
50 25 10.11 224.61+10.09 19.33+4.77
5x10 50 0.44 333.17+32.33 14.00+3.50

TWS' 25 0 na 391.10+20.41 5.50+1.50
50 50 -17.64 312.50+13.50 11.66+2.33
5x10 25 -11.53 331.15+11.07 9.66+2.33

378

379  Bioefficacy interms of 30 day survival, change odip weight over 30 days against lethal whole
380 body 10 Gy irradiation, spleen body weight indexl @mdogenous CFU-s in 5 Gy whole body
381 exposed mice were studied as described in mataridl methos section. A negative sign
382 indicated reduction in body weight and NA indicatesanimals surviving for estimating body
383  weight change-TWM:Tulsi water extract-Monsoon seasGfEW:Tulsi ethanol extract- Winter
384 season’TWW:Tulsi water extract- Winter seasd@WS:Tulsi water extract- Summer season.
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386 Table3: Plasma content of Orientin in mice treated with tulsi extracts

Samples Dose (mg/kg b.w) MeantSE
(ug/ml)
TWM* 5x10mg 1.62+0.14
50mg 8.95+0.79
TWS 5x10mg 1.15+0.097
50mg 4.60+0.36
387
388 Mice were administered different doses of tulsra&stis and plasma orientin level at 30 min
389 post-treatment was evaluated through HPLC method.
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