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Preclinical Study of Genuine Essiac Formula: A Cancer Treatment Eight-
herbs’ Tea Minimizes DNA Insult of X-rays

Abstract

Centext: Essioe tea & been wed widely in the homsopeily market for cancer ireatmsent, Alme We
hypotlssized its wse for DNA-Ramapad mitigation under very low iomizing mdistion (IR} on BALB
mice {1080 mSy). Setings amd Design: The rmdoproection of Excae e fommulae was evidencad by
comel sy (CA) and micronuclous (MN) acridine orange gainmg We also reporied compleie blood
eomint. anfnal weight, and fsting ghicoss levels io control for tea toicity. Materials and Mithods: Fifiy
BALB% male mice of 6-T week old and pathogen free mice wer raxdomby divided i 60 coptrol group,
contnd Eradiaed mice, inmdisted and ten or sscorbic acid treated mice, fen tested mice and sscorhic
acid treated mice, CGemine Fssdac oo trealment was ghven oo Mbimm for 7 woeks and asoorbdc for
o =13 days The animals were exposed to three difforent Xoray doses {10 mSv, 30 m5v, and 40 mSv).
Stathibeal Analysls Used: An independent one-tiled redt of Damnet’s test was used o compare ardmal
weight, fasting ghicose bevels, white blood cowst, comel percentnge, and MM pacentage, between doses,
treatment, @wl controds, after 3 Welch's AMOYA snd Mann-Whitney U-test using Excel workshects
from Bustathandbook com website, Resubts: The tea Tonmauk resulted in a significant reduction of [NNA
domaged cvidenced by CA (P < 001 for dose 340 mSv) By MN smining, the peak of agnificant
induction of MMz was by the lkwer doses. DI ond D2, with a P valoee = 0,001 and F walue = 0014,
respectvely; however those mmmdsted snimals when were tresied with fea showed redisction of M3 and
msll:mt'mldlﬂ'm: from contmols, Conclusbons: Using an optimized munins meodel, we danonstrted
that Cienwine Esxing loa & nol oxke and that it acts o 0 mdioprotector agains vary low doses of IR

Keywords: Ciscer provemifor, DNA dewage. Esilae, fedetive oxyges species sonesgen X-rays

ITntrodwetiom

fomesing  radivion (IR} sowrces  today
imply & well-recognized physical nsk for
living beings from all ranges of exposure
IR implementition in health services such
a% Xemy was presenied as an originating
factor of nonspecific lesions and vanous
types of cancers to those within a proximal

range. Exposure 1o the IR is common
to certwin people  like  professienals
handling rmdioactive matenals, to  the

patients undergoing  radiodingnostics  and
rachothempy or as millions of people who
travel by air and are exposed 1o scounly
Xe=riys scanming every doy.  General
papulation before the 19805 was exposed
to  matural  environmentnl  background
sources  (¢.g., residential and  rwdon,
cosmic mays, and regional mming) which
comprized the majority of IR cxposures,
bt there 15 o dmmatic ncrease in cxposure
by medical sources (such as in stenlizaton,
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tomegraphy, nuchar medicine  scans,
dendal imaging and radeherapy), sccurily
systems, and new method for industrial
production all of what have resulted in
similar  levels of population  exposunc
frem  both  envirenmental and  medical
radiation sources"™ Y [n several repons,
it was described how not only medical
technicians are exposc to X-ray  and
occupational cancer nsk but also patients
and children, /=

It s known that when IRs mlemet wih
fnang  <ells,  almost inslantoncously
physical mlernctions ke place, known as
Rayleigh scovtering, photoelectric, and the
Compton effect, which ame of relatively
low enemgies, This stage constiules the
early effects or direct effects which produce
reactive groups that can then break bonds
between moms. When IR interscts with
bving cells, there 15 alse what &t is called
tnte effects and bystander effects ™™ All
of these interactions ane produced without
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preferences, o mwre than the distance of the ineractions
carmied abowl  molecules such as  mactive  oxygen
species  ofF reactive nimogen specics (ROS  and BMS,
respoctively ) ™1 ROS are free madicals, reactive saclicals,
simply radical atoms, or groaps of atoms that have one of
more unpaired clectrons, like 02— among others, and ane
able to react with ather molecules in differemt ways, This
happens from donating an unpaired electron to another
modecule or snatches an electron o onder to reach a siable
state in cells.™! ROS results in cellular aging. damages of
its biomolecular components, cancer initiation, and other
associated pathalogics 24514

In addiion to the natural cell evolved clearnce and DMA
repair mechanizms, which are not the focus of the present
study, there ase substances which redduce the effecis of
IR in healthy nssues while mamiaiming sensilivity 1o
radiation damage in wmor cells!™"™ Several compounds
have been repomed 1o have mdioprotecoon. These have
been developed specially w reduce radiotoxicity, scavenge
free radicals, and produce protection o BoeRlumMorows
cells during radiotherapy in some types of cancers,!'™
Due o increased swareness about radiwactive substances
and their fatal effects om human health, radioproicctive
agents are now the topic of vivid mesearch for been
agents also good as anticancer treatmends as well as
cancgr prevention compound. There are numerous studics
indicating plant-based  therapeutics against cancer and
radioprotection.!*1 Such plants could be funher explosed
for developing them as promising nofural radioprotective
agents with anticoncer properics!™™ 1 The majonty
of these mdioprotective compounds fall into the catepory
of antioxidonts and have generated promising results by
reducing xerostomis mucus. pulmonary fibrosis, cystitis,
inflammation, ond alopecia, 1o mention a few observable
effiects with radiotherapy - Beeause they already have
mitigating effects that are sceentifically proven, they can
be tken a5 a reference o compare the anticipsted results
with respect to other new bisactive substances or radical
scavengers.

In the present sudy, we chose one known ROS-scavenging
compound, ascorbic acid, or YVitaman O a0 compare
the rubioprtection effect of a wedely used tew i the
homeopathy, dictary supplements, and cancer altermnative
treatment market.  Genuwine EBsgiae tea used o the
present siudy has been used as a popular andicancer and
antioxidant toni¢, and we selected it due to the reported
ROS-zcavenging properties of some of dhe herbs which
conferm the Genuine Essioe formula™ - We used the
following Essiac tea composition o0 evaluate its cffect at
very low dose [Ks on DNA damage: burdock root (Archinm
fappal,  sheep  somel  (Rumex  acetosella),  Tudkish
rhubarb (Bhcwr paloraten), slippery elm (Dlorws b,
blessed thistle (Cwicis benedictis), kelp (Laminariales),
watercress (Nasturtiom officingle), and red clover ( Trifolinm
prafenie). We purchased from Home Boedies, LLC,

the Genwine Essiac fea bag in a 1 Ib (454 g} pulvenzed
presentation,

Our interest 1% W study the effects of very low doses and
dose rates of IR X ype when il comes o living beings
and establish a way o evaluate the radioprtection or
rufiomitigation of noluml compounds. In this regard,
wi esiablished =n animal model to study stochastie 1R
effect produced by very low doses of X-ray. Although
cantroversial resulls have been obtained for these very bow
doses of IR, they are reponted to be a risk for leukemia and
other cancer types "% We evidenced IR effecs in vive,
and we illustraed the radioprotective actions of Genwine
Essisc tea in whole body-imadiated BALB/c mice model.

The CGenuwine Essiac tea formula did not show  any
cytotoxicity al the used doses of administration, confirming
previously reported results with similar formulas ™ in
addivion, we not only demonstrated that Essiac tea i= not
woxic though i1 actz as a mdioprotector of stechastic effect
produced by very low doses of X-rays, doses to which
could be cxposed the personnel of imape examination
services, travelers, pilots, and security workers ™44

Materials anmd Methods
Animals

Fourto-five-week-old ~ pathogen-free BALB/c  male
mice (1822 g weme prowided by the Center for
Comparative Medicine of the Faculty of Agronomy and
Veterimary Medicine of the Universsdad Nacional dod
Litoral {(CMC-FAV-UNLYL The animals were kel i
pathogeniree  facility and m welbventilated  polypropylene
capes under stamard comditwns of tempemture (24°C 2 XC),
bumnidity {30F%% £ 5%), and given food {chow diet — Ganave
SA) and water ad libiowm. Differem groups, on weeks 7
and 10 received different trestments, Essiac Genuine ilca or
ascorbic acid orally, respectively. The anirmaks were housing
with 12 b light'12 b dark cyeles and rice hull badding. Mice
were handled in sccordance with imstitutional  puidelines.
All animal expeniments were approved by the Commibiee
on Ethics and Safety of Experimental Work (CCT Sana
Fe, COMICET), and handling was done sccording to the
puidelines wsued by the World Health Organization, Geneva,
Switzerdand, and the Argenting Legislotion as well as the
Mational Administration of Medicines, Food and Medical
Technology, Argentina, Provision 634456,

Experimenial mouse model procedures

The subsequent quarantine period lasted for 2 weeks. At
T weeks of age, 56 mice were identified by cages and
randomly divided imte 1l groups. Group cages O35, 8, 10,
and 11 did not receive any treatment, while on week 7,
groups O, 2, 4, and T (Genuine Essiac tea treatment ) weng
given tea ad libien for 7 wecks. From week 10, groups
C3, 6, and % received ad fibituer ascorbic acid water
solution as | mg per amimal per day for 13 days. All cage
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groups with the exception of cages C7 and C11 on weck
12 were exposed 1o three different X-may doses: o dose
D (00 mSv) for O4, 9, and 10: dose D2 (30 mSv) for C2,
6, and 8: and a dose DI (30 mSv) for C1, 3, and 5.

Mouse weights were noted every 2 weeks, and the
fasting blood glucose levels were register by Accu-Chek
Guile (Roche) glucometer on milop bbssd samples,
Bricfly, fasting glucose levels from o tail-tip blomd dmop
wiene acquired using a needle GG27 az a lancing device, and
then, we iouch the yellow edge of the test sinp with the
blood drop; the measures were given in mgidl.

X=rays doscs

On week 12, onancsthetived mice were nestmained o a
wellvemilaied polypropylene box in batches of 5 anmmals
and cxposed w0 whole-body rdEation from a Dynan AFS00
N-ray meachine (Dynan 54, Argentina) operating a1t 40 kY
and 50 mA and a source-to-surface distwnce of 100 cm ol
the San Jose Hospital, Radisbogy Services, Dearente, Entre
Rios, Argenting. To obtain the increasing doses, the shooting
time were increased from 100, 200, and 400 meee. To mesire
the exposune rate of cach mdiation shat, a gas-filled analogical
lecture detector was el The corresponding cffedive dose (E)
was of 10 mSy + 3 mSv (D, 20 mSy + 4 mSy (D2), and 40
miav £ 3 mSy (D3), respectively, mocach mouse cage

RidS=-scavenging treatments
Exsiec fira

the Genuine Essioc tea bag in a 1 Ib (434 g) pulverized
presentation  of  burdock  root (4. logyear),  sheep
sorrel (R acerosella), Turkish rhubarb (R, padmanem),
slippery ebm (L] rufra), blessed ihistle (C beredicnu),
kelp (Lomineriales), watercress (N, offfcimale), and red
clover (I pratense) was purchased from Home Bodies,
LLC, and tea was cooked as suggested by the provider
on glass  Erdenmeyer container  Briefly, we bnng 1o
boil 1 L spring water, then we reduced the heat to mediom
amdd adkled the coment of package, we go on simmer
for 10 min, and finally, we incubated the tea at room
temperature for 12 b, Although the provider did not sugeest
straning the herbs, we strain the herbs twice m onder to
give it to the mice ad Fhitem o water container.

Ascarbic acid

ascorbic acid (Vacunace, | g ascorbic acid — Casasco SA,
Argenting) was admmistered orally by dilution in waser.
Brefly, every day 5 mg of ascorbic acd was disolved
in 100 ml of drinking waler and given to cach cage, so
the animals ad (iitem received | mg per day per animal
administration (30 peke'day).

Samiple collection and histolegical processing

Sapfecmais vl aind fall-rp Mood collection

On week 13, after 7 days from the imadiation, the disal
one-half centimeter of the tail or the saphenous vein cleaned

was pricked with a 216G needle, and a capillary pipette
comtaining  anticoagulante  (ethylenediamineeimacei
acid [EDTAJ) was used w collect two samples of whole
blood of approximately 25 pl each fron the bleeding
sirface, The first sample was wsed for cell counting
and  mecronuclens (MM} count, the second for comet
asay {CA), Immedately after collection, the pricked
surfoce was clean with a clot with 7% cthanol.

Wamar! wihite Mood cell conrs

peripheral blood smear was prepared, air-dried, and fixed
with absolute methanol for 15 mim, the blosd smear films
then were stamed with Wrght-Giemsa and evaluated by
a light Leica M5S0 microscope, and the relative white
blood count (WBC) count is reporied by ireatment ai
7 davs nfler wmdintions and of | 3-week-old mice.

iennloxivity assayvs
Micromuciens counf

MMz are extranuclear segments of chromatin that can
arige @ a resull of two mechamisms: chromoesomal breaks
or DNA double breaks (clastogencsis) or dismpiion of
the mitotic appamatus (ancugenesis). MMz are fomied
infrequenily  during mitesis of healthy cells along the
erythropoiesiz, which occurs in the bone mamow or
spleen of adult rodents, Afler 6h ervthroblosiz excluded
the nucleus of the final mitosis, if it is not the casc,
polyehrematic envthrocyies (FCEs), basophilic cclls that
contain RNA in the cywoplosm are genermtmgIn mice,
micronucleated PCEs (MMPCES) are not necessarily clean
by spleen from peripheral blood. An elevated frequency
of MNPCEs mecans a cytegenetic damage, chromosomsal
damage, and not necessary  represcnts  chromosomsal
boszes, bt also the resub of DNA amplification, which is
commonly observed in oncogenic process. Conscquendly,
BMNs % represent a more stable and latent genetic damage
compared with the CA tagled DNA %™ Afler 7 days of
wruchation and  13-week-0kl  animals, peripheral blood
smples were collected for WHBC films. Peripheral blood
films were distained by absolute methanol at 37°C for 1
h, followed by another distaining step of absolute ethanol
at 37°C for 1 h, The slides were then stamed with acridine
orange and observed with a Leica DMS00 fuorescence
microscope using a =100 objective. About 100 cells were
scored per sample, and three slides from each expenimental
condition or reatment were study.

Comer assav-DWVA single amd donhle-sirand freaks deleefion

CA 15 a closical techosque 10 ¢valuate IR damage.
Peripheral blood sample of [3weekold animals were
collected as previeusly describe afier 7 days of Xray
radiption (dose 3 = 40 mBv), the samples  were mixed
[0 wiv wath 1X PBS amd were vsed for CA as the
modified protocel  from  Smmeniello o @l Breftly,
S0 pl of cell suspension was mixed with 0.5% low melting
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point agarose (LMPA, 100 pl), and losd on 1% normal
melting agarosecoated shides by duplicate, incleding all
experimental conditions, and positive (H O, 300 pbd)
controls. Finally, the third laver of 100 pl of LMPA was
pipetted onto  the cell-embedded agarose and  allowed
o gel at 4°C for 10 mun. The prepaed slules were
immersed in freshly prepared cold lyas solutien (0.40 ml
of Triton X-108, 5 ml of dimethyl sulfoxide, and 40 ml
of stock Ivas solution with 2.5M NaCl, 1040 mM EDTA,
and 10 mM Tns, adjust to pH 10) and kept overmight ar
4°C. After lysis, the slides were mmersed in alkaling
buffer (03N MNaDH, | mM EDTA, pH 13} during 10 min
for DMNA unwinding ond electrophoresed in the same
buffer, Electrophoresis conditions were 10 min at 300
mA and 20 V (0.7 Viem) and then newtralized in Q.40
Trizma base solution {pH = T7.5L Finally, samples were
dehydrated in methasel and lefi to dry. Lyse, unwinsding,
angd electrophoresis were conducted w1 4°C, and  the
preparations were kept in the dark. All samples in addition
o four positive samples (peroxide expose samples) were
coded for “blind” analysis, dehydrated with swined
solution of chidium bromide (2 pgml), and comet images
of 10 randlomly sebected cells from each of two replicated
idrops were scored from cach sample under & Leica
DM LED Muorescence microseope. Comel images were
analyzed and registered using an Amscope digital camera
14 MP (Amscope, USA). Cells wene classified as comed
wd not comet according 1o their tail presence (from no
damage: Class 0 10 damage: class 1), resulling in a single
DMA danmge score (damage or comet percentage) for cach
amimal. Comet cell profiles with a small or nosexistent
hiead and an extremely prominent and diffuse tail were not
scored duc to the possibility that they were apoptotic or
necrobic cells,

HMistolagy and tissiee collections

On week 23, the anmak were cuthamzad by cervical
dislocation. All animals were submitted 1 necropsics.
The bver and large and small intestines were collected
arwld Nixed in methanol for 2 hoand then trnsfemred o 7095
cthanol and keep at ~20°C. Collected tissues (liver and
large and small intestings) were cut by half for paraffin
cmbedded at room temperature and for future protein and
DNA punfication methods. We also colleat blood from the
heart: A 210 needle and 8 3cc syringe were used to obtain
0.5 ml of blood from the left vemricle The blosd was
then immedistely transfemed to 1.5 ml tubes and freeze for
DNA purification,

Methanol-fixed paraffin-cmbedded tissue was stain by
hemptoxylm and cosin for morphology chamctenzation.

Statistical analysis

For comet and MM analysis, data from 100 and 1000
cells per samgle, respectively, were collected and assessod
fior zignificant (P < (LO5) mereases in DMNA damage and

genotoxicity. An independent ope-tailed rest or Dunnett’s
test was used o compare cach dose and restment 1o the
confrol, afier a Welehs ANOWA and Mann-Whalney
U-test. The same siatistical tests were used 1o compare
differences in animal weight, fasting glucose levels, WHO,
comet percendage, and MM percentage, between all the
experimental conditions (control, radiation-exposed, treated
and mdistion-exposed, and treated mice), wsing Excel
workshests from Biostathandbook.com websine.

Results

Low doses and low rate doses to X-ray exposure

We evidenced DNA and chromosemal damage induced
with different doses of X-ray from 10 0 40 mSv. The
damage 1o cellular DNA in vwve induced by whole-body
Meray raclistion expesure was accessed only in animals
cxposed to dose 3 (D3 = 40 mSv £ 5 mSv) by the modified
alkaline CA. The animals showed at day 7 postradiation
a significant increase of tail DMA percentage (P = (L003),
suggesting radiation-induced damage to DNA that can be
still verified by CA after 7 days of the X-ray imsult [Figure |
and Takle 1]. The percentage of tail DNA was significanily
inereascd (F < 0001 ) 0 85% + 5% by H,O,-positive control
and 69% = 3% by D3 cxposure from comet percentage
shown by control (24% = 1%), tea treatrnent (8% £ 19%),
and D3 pluas tea treatment (13% + 1%%), while ascorbic acid
did decrease D3 effect on mice 1o 46% + 2%, which was
n significantly different from IK D3 comel percentage.
The administration of Genuine Esziac tea fommula before
radiation exposure resulted moa significant (F < 0.00)
decrease in tail DNA perceniage at the postradiation time
perioad when compared with [R D3 alone group or ascorbic
pcidareated and D3 irrodioted mice.

There was evidence of cviogenetic damage by IR by
MNs in peripheral blood samples. MMNs were determined
by acridine orange saiming on fresh and methanol-fixed
peripheral tailip BMood smear at 7 days postradiation,
The results are summarized in Figure 2 and Table 2,
The peak of significant indection of MNs in young
erythrocytes of peripheral blood was for the lowest
dose, dose | (10 mSv £ 5 mSv) (# = 0.001) and dose
2 (20 mSv £ 5 m&v) (P = 0.014), while samples exposed
with dosc 3 (40 mSv = 5 mSv) shewed no significant
differences in MN content from (hose in contrels.

Regarding treatmemt with Genuine Essiac tea, we found no
significant differences in comet or MN number compared

Table 1: Comet assay resalis: Tail INNA percentage

(data) and standard crmors
=L _Group manies
CTL- ©TL+ D3 Essiac D3 plus tea D3 plus AA
Data 24 &3 &% ] 13 47
S5E 0,73 0By 072 0056 [LE 1.67

SE: Standard orror, CTL: Negative and posstive controls
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* Comet %

st i

—

CTL- ©TLe OO Essdes D3 D3
. F unas AR

= T EEEEZ

Figure 1: Comel assay: (a=f] Represenistive mitrophobsgraphs of comet sasay (Leics DMS00 = 20} [a) regative comlrol; () peailie conteel (30 pM
H:_'D,j: [ch B3 = &3 mBv Evays dose; |d) Genuire Essiac ies Tormuls ademinisier alane; (e ioniging radialion siposed samples under Qenuiie Edslac ma

i Lerel e ()

A wamphes under ascorbic acid restmant |1 mp/per animall. (g) Scatteesd graphic sith comel assay maan peroentage of talled DNA

and semndard d:\.-luhn diutribnilion. *Sislissecal dgnificant diffsrencea from DY irmadiated mico

te contrals, For ascorhic acid remiments, mice which
WEns Eﬁ[pl:l.‘\.td o doses 2 oand .'!-, shovwed no H|¥I‘|:I‘|-ii.'.|'ll.'|ﬂ
changes in MN (cytogenetic damage) %5 from that on the
controls. However, ascorbic acid, in comrast 1o Bsziac tea
ireaiment in mice exposed io dose |, showed significant
differences and a higher number of MNs from the control
indicoting ne improvement m DMA  repair or DNA
radeprotection by ascorbic acud at very low dose of IR, We
hawve to underline that while nscorbic acid as an antiexidam
directly reocts  with  reactive oxygen  micrmediates,
dehydroascorbate, the oxidized form of ascorbic acid, has
been reported fo stimulate pentose phesphate pathways
and glutathione levels that con suggest the mduction of
additional carbon and nitrogen sources for cell growth as
can be glutammne. As well as other off-target features of
AA, 1t has been reported that at high doses, it shows a
pre-oxsant function =47

lonizing radistion and  ROS-scavenging  compoomnd

cffects on animal wealth

It is imporiant to  underdine  similar  histological
:I'Il-:'nl'phl.'lh.l].:_:.' Between vrradiated, reated, and contnsl tBzue
samples for large intestine, small miestine, and liver
nssue samples as well as no secondary effects of Genuine
Essiac wa administration to the animal wealth determined
by weight or fasting plucose levels. Ascorbic acid as
well as Cenuine Essiac tea was administered ad Thinom
in the freshwater supply. Ascorbic acid has becn reporicd
previously that at the supplemented dose showing no
adverse effect in similar mouse strains, here, i1 was
administered for no =14 days as previoushy suggested ™
Far this Genuine Essiac tea formula, on the other hamd,
there was no previous study, and 0o owas administened
daily ad Kbitem for 4 weeks, The tea resubted in lacking
visible cifecis on the weahh of the animals as was 1esoed
by whole blood count, fasting glucoese, and anirmal weight
penodically. However, irradiation did have an effiect
on animal wealth. The total animal cobort did not show
significant weight differences until T davs posiradiation, at
thiz point, all of them showed a significam among group
difference (P = 0.042) by a Welch's oneway analysis; and

o Tukey- Kramer mimmum significant difference assay
showed that irradiated dose 3 samples were significantly
lighter than animals mecciving CGenuine
iradiated or nol. In additien, fasting glucose bevels on the
2 week postradiation were significamly different among
groups (I = 0,002} though no group showed significan
differences by Tukey-Kramer minimum  significan
difference or Dunnett’s test,

Essiac  1ea,

Relative WHBC performed 7 days after IR presented
significant differences (F < 0,02) for Kul, and a significani
mcrease of WEC aath respect to thie comiral a'...'|r|:q:|¢::-; WHs
for 1R mee treated with Genuine Essiae tea and AA and
all IR exposures (Dunnett’s test P < 0,048), ARhough
i was not a significent difference, Genume Essiac tea
administered alone showed o tendency for an increase of
the WBC. In addition, neutrophil percentage showed a
significant increase on all ireatments from controls and 1ea
alome (Welch's test < 001 ), and by a Dunnen®s iest, only
irradiated dose | animals teated with Essiac tea showed
an imporiont difference (P = (L03), Regarding lymphocyte
count, they showed sigmbicant changes (Welch's ANDWA
o= 0l Ascorbie acid treatment showed an increase
mn lymphocyie count with kevels similar to controls; all
IR<¢xposcd anmimmals showed a nonsignificant decrease
in Iymphocyte percentage with respect to the controls
Ciemiine Essiac tea-treated anmals showed a nonsignificant
increase in homphocyte portion with respect to condrols
and a significant increase with respect to all imadiated
samples (P < 0003). Finally, for baophils, monocytes, amd
cosinephils, portiens showed no significant  differences
in their distnibwtion, and only irrdiated dose 3 samples
showed a nonsignificant  ingrease of  monocytes  and
ansinaphils,

[Mscussion

X rays and other lonizing radiation have been reporied as
a widely employed tool in diagnosis, mdiotherapy, industry,
and in custom security. However, due to its genotoxic naturc
tor thee prdiferating cells and bystander cffects, it s associated
with some carcinegenic side effocis through the direct or
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Xemays are primarily a vital imaging wol used around
the globe in health services as well & in securily custom
posts, and it i say that its nsk are ouweigh by its benefits,
Hoorever, computed tomography scan cormesponds 1o more
than 1.5% of later in life cancer cases where children
showed more than a 20% or higher risk for leukemia and
brain tumors later in life disease ™ Other diagnestic X-ray
cxposures account for an early dudy for o 0.5% nsk of
cancer in sdults™ However, cancer risk for lowidoss
exposure o other medscal radiation tests and  custom
security post in airports are largely unknown.S Yet, if
there are available new compounds e overcome its risk,
staff membeors such as health coregivers, secunty officers,
as well as pregnant women and cspecially pediatric paticnts
and tourists would be all indeed undoubtedly benefin.
Therefore, the guest for an effective, nonloxic compound
with radioprofective capabilitics s of immediate need, and
this guided us into our interest in naturally eccuming dictary
anisidanis.

Fow carlier studies on some of the medicmal teas and
planis have indicated the wsefulness of these natural
products in reducing the radiation-mduced genotoxecity and
the level of radioprodection or mdiomitgatien of medicinal
teas is due w the vanations in the type of DNA alterations
that a partacular test systein detects; CA evidences basically
the different types of DNA  damage  (double-strand
breaks/single-strand breaks, ete.), while MN stuning detects
cytogenetic damage and fixed muistions which persist for
at lenst one mitotic evele and in mice for several days once
refeased without selective removal by the spleen ™

X-ray insults and low-dose ionizing radiation in BALB¢
mouse model (INA damapge detection)

The associations of MN assay and CA can be considered as
a gold standard among mutagenic tests, and they have been
used as established miethods of the most reliable indicator
of radistion-induced genetic damage, "'

The present study was aimed to use 3 model by which we
obiained repeatedly and accuraiely DNA damage by very
low X-ray doses (<100 mSv) on BALB'¢ mice and we
pursuit 10 understand the role of the natural Genuing Essiac
formula tca in changing the lkevel of radiation-induced DMNA
damage in blood peripheral hematopoietic cells.

In response o radistion ranges from 10 to 40 mSy, we
evidenced DMA break damage and cytogenetic damage by
CA and MN occurrence, the last we beliove comesponded
to chromosomal domage because these ane the chromatin
fragments/'whole chromosomes that are not  mcorported
inio ithe main nuclous during mitosis. = The MN sy, os
an imponant endpoint for the assessment of cylogenetic
damage, was also successfully used i previous studhies witls
herbal compounds 1o assess their amigenotoxic potential #*
[nterestingly, lower dose (10 mSv) showed a higher number

u MMs afler 7 days of rahiation exposure. While for DNA
brzaks, CA evidenced an increase m DM A fails percentage in
chrse 3 alfler T days of mdiation exposure. As there are reporls
available stating that Genuine Essiac tea worked az ROS
scavenger and IR (X-ray) exens it dansage by increasing cell
ROS; we evaluated if its antioxsdant feature protects cells
sgainst DNA damage induced by Xeray and exerts by ROS
s previously reported for simalar fermulas =254

Eight-herb Essiac formula

Histomically, Essiac tea is a combimation of four to cight
herts that have proven 1o be o massive antioxidant snd
DNA protector. In a 2006 study, Essisc was put o lest
with different types of free rdicals. Femlon reaction {(Fe' +
H.Q, — Fe''+ «0H + OH-) and chromium oxidant Cr (V1) in
BAW 2647 cell lines and different hydroxy] radicals (OH=)
were produced, xamhbine’xanthine oxidase syaiem was wsed
o produce superoxide radicals (02-), and the hydroxyd
radicals (OH=} from previous reactions were wal v cuse
cell membrane damage 10 mitive hpsd peroxidstion in onder
1o memsure mabondmblehyde (MIDA) prodhuction, In summary,
the study indicated that Essmac is an OH- and 0~ scavenger
ihat acts & a profecior fom cell membrane damage by
ihibiing lipid peroxidation caused by the ROS and other
free radicals. Lipid peroxidation causes a cascade cifiect
of lipidderived radicals, which produce additional damage
1o cell, like the aging process effect 1o cell membranes by
MDA and oher aldehyde groups, which are byproducs
from Llipid peroxidation, all these mdicals may also produce
DMA damage. All of these cffects by free madicals are
inhibited by Essiac and prodect DNA from OH- radicals
produced from Fenton reaction™ ™ 4 L, which conform
the Essisc formuls, have shown separaicly ROS-scavenging
functions, apoptosis induction of wmor cells, and vins
immune response enhancemend 1%

The present study showed thet Essiac tea when adminisiered
orally ad fbium did not couse the significant formation of
MMz or DNA fail comets indicating 15 nomoxic ¢ffect o the
doses we used and administered for 28 days, However, there
was a significant reduction in the MM frequency m the cells
et with Essac tea compared with ascorbic acid (30 pgkeg/
day) as well as o rechaction on DNA il percentage evidenced
by CAL These observations cleardy mdicate the protective ¢ fect
of Grernnine Essiac tea fommula 5 well as for AA against X-my
radiation-induced DNA damage in treated mice. Earlier studis
from our Esboratory have confirmicd that with an acute exposune:
to 10-250 mSy whole body on week B-12 of mice, a range
of 40%—68% of DNA-tailed comet could be attained (data not
shown), These findings arc in good agrecrment with our and
other earlicr reports, where MM fomabion has boon reporied
mod onby i the boae mamow erythrocyies post a carcinogeonic
insult but akso on peripheral blood samples and especially with
1060 i thiat have reported bo not imterfone with cell cyele!==

It is known that the number of MN vield depends on the
frequency of the induction of chromosomal fmgments, their
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probability of exclusion o1 mitesis, proliferntion states of cell
population, cell evele delay, and longevity of cells containing
MM Ervihropoiesis is a cominuous process, where the
micronuclented envthrocyies are expected to die by apoploss
and macrophage clearmnce and 0 be cleared by spleen
though this is net much the case in mice ™1 Ag MMNs are
more stable structure in mice, we sugeesi that the damage by
higher doses i cleared early in the process of envthropoiess
uz the dammge is mmediate by o more direct action on DNA
bonds while with low Xeray doses the insbl is produced
by ROS mainly as a bystander effect of Xoray where the
seholosiie damage, in urn, woubd play a higher impact on
bone marrow cells!™ In addition, for high Xy doses the
uwsual outcome is cell death, while middle or low doses of
Xrays can mault cell ot their different development stapes,
suffering DMA damapge while proliferating or differcntiating
and the biological outcomes would be cell survival with
mutations, or cell survival withowt mutations. depending on
whether and how the cell repairs the damage and when it
is detected ™™ Ag Ledebur and Schoid reponied that the
greater insult or the mutagenic effect on the bone marow in
mice the fewer the unmatured or damaged cells would enter
the periphery blood as cell death would be generally the
owicome, and for low doses of insull, the bystander X-ray
effects could be evidenced later in periphery blood '™
consequently the micronucleated ervihrocvies would have
betier chances to be released to the penphery where spleen
would net have an imporiant clearance function i MM
mice maodel as was reported previously ™™ The described
scenanio supports our findings of MN in periphery blood
samples at the most low adminisered doses,

Could this reported feature be used for cancer prevention
in people who are exposed 1o Xemy daily m their work
eovironment as well as in patients undergoing mdiotherapy?

Here, prefrestment with Essine tea ond AA  reduced
the frequency of radistion-induced MMNs as well as
DMNA strand breaks in 0 mouse model. This mhibition
of  radiation-imbeced  genetic  damage by Essiac  tea
and AA 5 in agreement with other studies reporting
that dictary  ingredients such as Vitamin C and E
profect  against  mdiation-induced MM formation  and
DA lhﬂ'ﬂg-l:'.‘!":'”'"":l

Genume  Esape tea formulae used here  demonstrated
to niot be toxic to animals administered ad Sbhiner and
that it acts as o mdioprotector agaimst the DNA damage
indluced by very low [R (X-rays) doscs on a mice model.
The sdminisicred X-ray doses were similar to those staff
or workers used 1o be exposed in diagnosis services and
at custom security pods and are associted with what is
called the stochastic effect of mdiations,

Conclusions

The mesults from the present study suggest that Essiac
tea more efficiently and effectively protects  cells

againat  racdiation-induced  genotoxicity. The mechanism
of radioprotection by Essiac tea may be aseribad to
fs reporiad antoxidant, antilipid peroxidative, or  free
radlical-scavenging propemics Beo a2 Theretore,
Cienuine  Essmc formaulae demoenstrated s potential as
a radioprodective agemts as it also showed no toxicity o
the animsal model. Futhermore, it needs more research in
order to be prescribed For pregnant and pediatric patients
though the commercial s suggests administration o
children, Our reseanch opens the I'H:H-:xi'l'!ili['_l.-' of ESSIAC tea
e be taken as a natural dairy supplemem by Xy facilaes
operators and custiom officers who are exposed 10 Xray
from the custom scanming post™™ Genuine Essiac
formila, as dictary sources and antioxidamt, would be
casily tolerable; however, human studies need o be done 1o
obtain their orgameally attainable concentrations to exer a
real function in humans and more safely conrolled dose in
patients undergoing rudistherapy,

Finally, we optimized a murine model for funher analysis
of poural compounds  and  dietary  supplements with
promising radioprotection properties,
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