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ABSTRACT KEYWORDS
Pharmacoscintigraphy, a nuclear medicine technique based on tracing the Pharmacoscintigraphy;
path of a radiolabeled drug/formulation to study its kinetics and Natural products;
biodistribution in the body is only a recent advancement. In the present Honey;
work, role of pharmacoscintigraphy in eval uating the presence of bioactive Technetium-99m.

molecules in natural products has been studied. Honey, one of the most
widely used natural productswith well established antibacterial properties
was specifically used as an example for the study. A method of radiol abel-
ing the aqueous extract of honey with y-emitting technetium-99m (*™Tc)
was standardized in thelaboratory. The radiolabeled preparation was eval u-
ated for radiochemical purity, stability and tissue distribution using tracer
technique. The blood kinetics data in rabbits after intravenously adminis-
tering 37MBq of *"Tc-label ed honey preparation exhibited abiphasic blood
clearance pattern characterized by afast haf-lifei.e., L of 25+ 2.3 min
and adow half-lifei.e., L of 16.7 £ 1.2 h. Subsequently, ananimal model
was prepared with localized Staphylococcus aureus (2x 107 cells) infection
inthethigh muscle of New Zealand White rabbits. The presence of bioactive
antibacterial compoundsin the radiolabel ed preparation was confirmed by
its localization at the site of bacterial lesion and its subsequent detection
by nuclear medicinescintigraphy (T/NT1.92+0.03 a 24 h). In vivo stability
of the radiolabeled preparation was further confirmed in 2 healthy human
volunteers by taking dynamic scintigraphy images of the GIT region under
Gammacameraafter oral administration of the preparation. Thework sug-
gests that components of natural/herbal products can be radiolabeled with
stability similar to other radiopharmaceuticals. We propose that
pharmacoscintigraphy can therefore be used as an important tool for high
throughput screening of natural products for the presence of bioactive
molecules, thereby providing a method for screening useful from the non-
useful compounds. Thiswill effectively result in rapid detection of promis-
ing leads for product development from the enormous potential offered by
our natural product resources.  © 2008 Trade SciencelInc. - INDIA


mailto:gauravmittal23@gmail.com

NPAIJ, 4(2) August 2008

Gaurav Mittal et al.

147

1.INTRODUCTION

Establishment of anew molecule asatherapeutic
or adiagnogtic agent requiresextensiveinputsinterms
of time, money and energy. A new molecular entity, ei-
ther of natural or synthetic origin hasto passthrougha
number of stages before belng passed asatherapeutic/
diagnostic agent™3. Moreover, athough alarge num-
ber of moleculesare scanned but only ahandful of them
arefoundto beuseful. Alot of timeistherefore spent
onidentifying these useful molecules®. The sub-tropi-
cd region of theworld, particularly Indiahasarich heri-
tageof naturd/herba productsthat havebeen used ance
agestotreat variousdiseases. However, since scien-
tific studiesarefew and far between, thereremainsa
challenge of devel oping scientific basisfor the use of
naturd productsin hedthcare. For this, clinica research
in the field is highly warranted. There is a need to
bioprospect and validate the natural products using
modern and ytical and screening techniquesfor discov-
ering new chemical entities, which could offer new in-
sghtsin thetrestment of alargenumber of aillments. In
recent years, systematic efforts have been made at sev-
erd leading researchingtitutesboth in Indiaand abroad
to discover novel natural/herbal drugsfor human ail-
mentsand validate their efficacy>".

Gammascintigraphy isawell-established nuclear
medicinetechniquefor thediagnosisof variousdiseases
using agentsthat have been tagged with gammaray
emitting radi oi sotopes, such astechnetium-99m (*"Tc).
Over theyearsmany such radiopharmaceuticalshave
been developedin our lab and € sewhere after radiola
beling with appropriate radionuclide®!y,
Pharmacoscintigraphy, an application of gammascin-
tigraphy techniquein drug devel opment and eva uation
isonly arecent advancement, moresoinindia Inthis
technique, agamma-emitting radionuclide (preferably
%mTc) istagged with thedrug molecule under investiga:
tion. Theradiolabe ed drug moleculeisthen adminis-
tered viatheintended route of administration and the
subject isscanned under agammacamerato provide
vital information regarding the pharmacokineticsof the
drug molecul 213,

Although natura productshavelongbeenusedin
different partsof theworld, asystematic pharmacoki-
netic eva uation of these potential drug candidateshas
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not beentaken uptill date. Assuch, studieson efficacy,
quality, safety and stability of natural/herbal products
are essential, and our study proposes that
pharmacoscintigraphy can play animportant rolein car-
rying out thesetasks.

To emphas zeand provetheutility of thistechnique,
wehaveusad honey inthisparticular sudy for thesmple
reason that it is one of the most widely used natural
products, with known antibacteria properties?+%, It
iswell-reported that honey inhibitsabroad spectrum
of bacterial species'®, Here we describe amethod
to radiolabel honey derived from honeybees (Apis
mellifera) with technetium-99m, dongwithitspharma:
cologica evauationfor the presence of bacteria infec-
tion specific bi oactive congtituents using pharmacoscinti
graphy technique.

The objectiveof the presentinvestigationisto as-
certaintherole pharmacoscintigraphy can play inhigh
throughput screening of natural productsfor the pres-
enceof bioactivemoleculesinthem, thereby providing
amethod for screening useful from thenon-useful com-
poundsresulting in rapid detection of promising leads
for product devel opment.

2.EXPERIMENTAL

Honey derived from honeybees(Apismédlifera) was
obtained from the Department of Entomol ogy, Punjab
Agriculturd University, Ludhiana, India Stannouschlo-
ridedihydratewas procured from SigmaChemica Co.,
St Louis, MO USA. All the chemicals used in the
present study wereof analytical grade.

2.1. Radiolabeling

5mg (w/v) of honey wasthoroughly dissolvedin
1ml water for injection. To this solution, 50-500ug of
stannouschloridedihydrate (1 mg/ml) (SigmaChemi-
ca Co., St. Louis, MO USA) in 10% acetic acid was
added and pH was adjusted to 7.0 with 0.1 M
NaHCO,. The contentswere passed through 0.22uM
filter (Millipore Corporation, Bedford, MA USA) into
an evacuated sterile sealed vial. 1ml of sterile®mTc-
pertechnetate (70-100M Bq) was added drop wiseto
thevial with gentle shaking. Thereaction mixturewas
incubated at room temperaturefor 15 min.

2.2. Radiochemical purity
————————, Natural Products
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Radiochemical purity of aradiopharmaceutical
preparation is described as the percentage of thera-
diolabeled ligand, free® Tc and reduced/hydrolyzed
%mTe. Theradiochemica purity of ™ Tc-labeled honey
preparationwasassessed by ascending instant thin layer
chromatography (ITLC) usingsilicagel coated fiber
glass sheets (Gelman sciences Inc., Ann Arbor, Ml
USA) and solvent systems, namely 100% acetone and
asolvent mixture of pyridine, acetic acid and water
(3:5:1.5, v/v) asmobile phase. Theradioactive con-
taminantswereidentified asreduced/hydrolyzed (R/H)
%mTc and free ®"Tc-pertechnetate.

2.3.Infrared (IR) spectraof thepreparation

IR spectrum of the native and *"Tc-label ed honey
preparaionwascaried out in Perkin Elmer FTIR 2000
Spectrophotometer and the peaks of the main func-
tional groupswererecorded.

24. Invitroand in vivo stability

The radiolabel was tested for itsin vitro and in
vivo stability by ascending ITLC. For invitro stability
inacetoneand serum, 100ul of theradiolabe wasmixed
intriplicatewith 2 ml each of 100% acetoneand human
serum, respectively. ITLC was carried out to assess
thelabeling efficiency after incubating at 37°C for dif-
ferent timeintervas. Invivo stability was assessed by
administering 100l of *"Tc-labeled honey prepara-
tionto New Zedand Albino rabbitsthrough theear vein.
Blood sampleswerewithdrawn at different timeinter-
valsand subjected to ITLC. Thecountsin each centi-
meter were measured in polystyrene test tubes by
GammaRay Spectrometer (Electronics Corporation
IndiaLimited, ECIL).

2.5.1nvivo quality control

2.5.1. Blood clearanceand plasmaprotein binding
studies

Blood clearance of *"Tc-labeled honey prepara-
tion wasstudiedin rabbits. 37MBq of theradiolabel
were administered to each rabbit through the ear vein
and blood sampleswerecollected at different timein-
tervals. Theradioactivity inblood was calculated as
percentage of the injected dose. From the blood
samples, plasmawas separated by centrifugation and
the proteinswere precipitated by adding equa volumes
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of 12.5%trichloroacetic acid (TCA) and plasma. Ra
dioactivity inthe precipitate and supernatant was mea-
sured in awell-type gammaspectrometer (Electronics
Corporation IndiaLimited, ECIL).

For in vitro protein binding, 0.1ml of *"Tc-labeled
honey preparation was mixed with 2ml of plasma.
Sampleswere processed as above and evaluated for
protein binding at different timeintervals. The plasma
protein binding wasexpressed asafraction of total ac-
tivity inthesample.

2.6. Organ distribution studies

Animal experimentswereapproved by the Social
Justice and Empowerment Committeefor the purpose
of control and supervision of experimentsonanimals,
Ministry of Government of India, New Delhi. Invivo
distribution of *"Tc-labeled honey preparation was
studiedin2-3 month old Balb/c mice. 50l of the prepa-
ration (40K Bq) wasadministered through thetail vein
to each miceweighing 25-30g. Theanimalswere sac-
rificed at different timeintervals (1, 4 and 24 h post
tracer administration) and different organswerere-
moved, washed with normal saline, and dried inthe
paper folds. Theradioactivity in each organwascounted
using well-type Gamma Spectrometer (Electronics
Corporation IndiaLimited, ECIL) and expressed as
percent injected dose per organ.

2.7. Bacterial animal model and scintigraphy
2.7.1. Animal model

Bacterial infectiouslesion wasdeveloped inthe
contra-latera thighsof healthy New Zedand Whiterab-
bits each weighing about 2kg by giving intramuscul ar
injection of 107 live Saureusbacteriain growing phase
in 100ul volume. Swelling, redness and hyperthermia
wereevident intheinfectiouslesionsafter 48 h. The
rabbitswere kept under observation and the repeated
I.m. injection of S. aureus at the samesitewasgiven
after 1 week. Thelesion developed within 2 weeks.
The aspiration cytology of the lesions showed pres-
enceof live Saureusat infection Site, thereby confirm-
ingthelesion.

2.7.2. Gammascintigraphy
2.7.2.1. In animal model
Scintigraphy inanima mode wascarried out after

A Tudéan Journal



NPAIJ, 4(2) August 2008

Gaurav Mittal et al.

149

intravenoudy administering ®"Tc-labe ed honey prepa:
ration (37MBq) intheear vein of New Zealand white
rabbits. Imaging wasperformed at different timeinter-
vaspost adminigration. Therabbitswere sedated with
0.75ml/K g body weight of diazepam (Calmpose®,
Ranbaxy L aboratoriesLimited) i njection administered
intravenously and 1mg/K g body weight of Ketamine
(Aneket™, Neon Laboratories) asamusclerelaxant
intramuscularly 15 min beforeimaging under the ECIL
GammaCamera. Differential accumulation of thera-
diolabeled preparationin bacterid leson wasobserved.

2.7.2.2.1n normal human volunteers

Two hedthy adult male volunteers (age 24 and 26
years) were orally administered 10mCi (370MBqQ)
%mTe-label ed honey preparation. Two-minutedynamic
imagesof GIT region weretaken for 30 minutes under
the Gammacamerausi ng standard imaging protocol to
assessthegtability of radiolabe ed preparation. Thedigi-
tal datawasused for direct visua comparison.

3.RESULTSAND DISCUSSION

Theuseof natura productsintreatment of various
diseases is acommon practice in many parts of the
world. However, there has been ageneral declinein
interest infinding bioactive natural productsat severa
ma or pharmaceutical companies, sncetheresearchin
thisfid distimeconsuming, complex and ineffectived.
Morerational and faster strategiesarerequired for an
efficient selection of natural products containing
bi oactive compoundsfromthemultitudeand biodiversity
of natural productsthat areavailableintheplant or the
anima kingdom.

Herewe suggest the use of pharmacoscintigraphy,
which can play avery important rolein screening of
natural products by virtue of the presence of certain
desirable bioactive compoundsin them, thereby pro-
vidingaway tofacilitate and expeditethenatural prod-
uct research and devel opment. Sincethemain congtitu-
entsof most of thenatural productsderived from vari-
ous sources such as plants, animals, insectsor micro-
organismsare either polysachharides or polypeptides,
they can providesuitable binding groupsfor optimum
[abeling with technetium-99m (*™Tc).

Inthisparticular study, honey wasradiolabeed with
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TABLE 1: Migration values(Rf) of ®™Tc-pertechnetate, re-
duced/hydrolyzed (R/H) ®™Tc, and *"Tc-labeled honey prepa-
ration, asdeter mined by ascendinginstant thin layer chro-
matogr aphy with SG usingtwo solvent systems

Solvent Rf value
99m
system Free®™Tc R/H ®MT¢ h Tc-labeled
oney preparation

100% Acetone 1.0 0.0 0.0
Pyridine: acetic
acid: water 1.0 0.0 1.0
(3:5:1.5, viv)
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Figurel: Invitro stability of ®™Tc-labeled honey prepar a-
tion

®mTc at pH 7.0 using 250ug stannous chloride dihy-
drate asareductant. Thisconcentration of thereducing
agent at pH 7.0 yielded thehighest |abeling efficiency
of *™Tc-labeled honey preparation. Radiochemical
purity of the product wasevaluated by ITLC, which
successfully resolved labeled product from R/H and free
%"Te (TABLE 1). Theuseof two solvent systems, i.e.,
100% acetone, and pyridine, acetic acid and water
(3:5:1.5, v/v) wasfound to beavery accurate method
for distinguishing and quantitating there ativeamounts
of free®™Tc, R/H *"Tc and *™Tc-labeled honey

Preparation

The procedure used for radiolabeling of honey was
simple, which could be compl eted within 20-30 min.
Themethod gavereproduci blelabding efficiency.

Aqueous extract of honey showed strong bands
for the presence of -COOH, -OH and -SO, vibration
inthe IR spectrasuggesting strong binding groupsfor
%mTc. M S data suggest the presence of peptide se-
quencein ESl +vemode (patent filed), which confirms
the presence of organic moleculesintheextract, asre-
ported intheliteraturg?,

9mTc-|abeled honey preparation wasfairly stable
in vitro even up to 24 h, and the percent of labeled
product was 97% asdetermined by ITLC (figure 1).
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percentage injected dose

time (h)
Figure2: Blood clear anceof *™Tc-labeled honey prepar a-
tioninrabbit (averagedata of 2 rabbits)

Figure3: Wholebody scintigram of anormal rabbit at 1 h
after intravenousadministration of ®"Tc-labeled honey
preparation

Figure4: Animal modé of arabbit bearingalocalized S.
aureusinfection ontheright thigh muscle

TABLE 2: Tissuedistribution in normal miceat 1,4 and 24
h after intravenousadministration of ®"Tc-labeled honey
preparation

Per cent injected dose/whole organ

Organ

1h 4h 24h
Blood 1.62+0.18 0.79+£0.07  0.23+0.05
Heart 0.08+0.01 0.05+0.01 0.013+0.005
Liver 219+ 007 166+0.05 0.77+0.05
Lungs 021+001 014+001 0.07+0.01
Intestine 187+033 146+031 0.66+0.05
Kidneys 538+062 397+026 1351014
Spleen 0.08+0.02 0.07+001 0.03+0.00
Stomach 058+0.07 053+003 059+0.12
Muscle 068+0.17 0.17+003 0.08+0.02

Data is expressed as percent injected dose per whole organ = SD
of 5 animals

Theinvivo stability of the complex wasevident from
lack of affinity of *"Tc-labeled honey preparation for
stomach, whichisthetarget organ for free®™Tc upon
intravenous administration. Theblood kineticsdatain
rabbits after intravenously administering 37M Bq of
%mTc-labeled honey preparation exhibited abiphasic
blood clearance pattern. The pharmacokinetic param-
eterswere ca cul ated by plotting percent-injected dose
versustime (figure 2). Thetwo different phasesof the
curvefor *"Tc- |abeled honey preparation suggest a
fast and adow phase of blood clearance characterized
by afast half-| ife(Tm)) of 25+t2.3minandadow half-
life (Tm(s)) of 16.7+1.2 h. The datasuggeststhat the
radiolabeled preparation hasavery fast clearancefrom
thebody. Invivo protein bindingwas 66.76% at 1 h,
which remained moreor lessconstant at 24 h.

Organ distribution dataof the* Tc-labeled honey
preparation in 2-3 month old Balb/c miceisshownin
TABLE 2. Based on the percent-injected dose per
organ, thehighest uptake of *"Tc-abeled honey prepa
rationwasfound inkidneys, liver, intestinesand bl ood.
Thisuptake patternissimilar to the one obtained for
another natural product, Terminaliachebuld?”, which
re-enforcesour claim of using radiol abeling techniques
innatural product research. Scintigramsof norma New
Zed and whiterabbitsgiven *"Tc-labe ed honey prepa
ration showed it to be concentrated in kidneys, liver,
spleen, and urinary bladder. It cleared rapidly viathe
kidneysresultingin minima of tissuebackground activ-
ity (figure 3). Scintigraphy of New Zedand whiterab-
bitsinfected with Saureusin theright thigh muscle
(figure 4) showed an uptake of *"Tc |abeled honey
preparation at 4 h up to 24 h post administration at the
steof infection, confirming theutility of pharmacoscinti
graphy in establishing the presence of antibacterial
bioactive moleculesin honey. Region of interest (ROI)
wascregted aroundthelesonwhichisastandard nuclear
medi cine practice and it was compared to the normal
left thigh muscle. Thetarget-to-nontarget ratiowascal-
culatedtobe1.28+0.02 at 4 hand 1.92+0.03 a 24 h,
indicating that theradiolabel ed honey preparation was
getting accumul ated at the site of infection.

Dynamic scintigraphic study intwo normal volun-
teers subsequently gave an additional proof of the sta-
bility of radiol abel ed-honey preparation (figure5). Ord
adminigtration of the preparationin volunteersresulted

Natural Products
b Dndian ﬂa«/md

e



NPAIJ, 4(2) August 2008

Gaurav Mittal et al.

151

- : - . L

Figure5: Dynamic scintigraphy imageof thesomachina
normal volunteer after oral administration of ®"Tc-labeled
honey preparation

initsgetting dowly absorbed from thestomachinto the
blood pool. No breakdown of the radiolabeled com-
pound in acidic environment of the stomach was seen.

Asalready mentioned earlier, honey was chosen
for thisparticular study sinceitisknown to have anti-
bacteria bioactive componentd?Y. Similar findingsob-
tained with scintigragphic eval uation confirm therol e of
pharmacoscintigraphy and objectiveof thisstudy. Natu-
ra products often serve as|ead mol eculeswhose ac-
tivity can be enhanced by mani pul ation through combi-
natorial and synthetic chemistry!”l. Pharmacoscinti
graphy can play avita roleinidentifying theselead
molecules.
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