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Abstract — Regardless of its lethal effects upBacherichia coli(E. coli) cultures trough the production of free radicals
(FR), stannous chloride (Snflremains to be the most used reducing agent onptbduction of technetium-99m
radiopharmaceuticals, to obtain images on nucleaticme. Moreover, authors have reported that atgettracts are able
to protectEscherichia colicultures against the cytotoxicity of this ageR@arpagophytum procumbenslso known as
Devil's Claw, is a plant used in folk medicine, as an analgesitanti-inflammatory in cases of joint and backnpain the
treatment of degenerative rheumatoid arthritise@estthritis, kidney inflammation and heart disea3é® presence of this
extract reduced the lesive effects of SnfplonE. coli AB1157 (proficient in DNA repair), BW9091 (deficiein thexthA
gene) and BH110 (deficient in tliéhA, nfo andfpg genes) cultures, and the deficient strains (BW90BH#10) were more
sensible to this Snghction than the proficient one. The substancehiénextract could be acting as: (i) chelator of the
stannous ions, avoiding the generation of FR, (R) $€avenger, protecting the cells against the dwidagnd/or (iii) an
oxidant compound acting upon the stannous ionsicieg the SnGlcytotoxicity.
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INTRODUCTION such as iron, copper, zinc, chromium and tin, are

able to mediate Fenton or Fenton-like reactions

In nuclear medicine, radioPharmaceUticalﬁ'.atgeneratefree radicals (FR) (16).
(radiobiocomplexes) labeled with technetium- 1o ganotoxic and/or mutagenic activities of

99m (°"Tc) are widely used as imaging agentg;,nnous compounds  are  stil  poorly

(1_8)'9§mer blood cells and plasma proteins labelel} \nrehended. Assays witBacillus  subtilis
with c are also used in cardiovascular systefiuficient in recombination repair showed an

images,  detection and localization = Ofpgence of those effects (21). It has also been
gastrqlntes'_unal hemorrhages (34)._Th|s Igpelm monstrated that the Sp@bould probably not
technique is based on the reducing ability Qlg 5 carcinogenic compound, as demonstrated in
stannous  salts on 99mTc, as  sodium,heriments using wing primordial cells from
pertechnetate, to a lower oxidation state (29,3 rosophila melanogaste(34). However, some
The most_important stannous salt used for thh%ports have shown that SmClproduced
purpose is stannous chloride (S)CI(29).  eytensive DNA damage, detected in Chinese
Furthermore, humans are widely exposed {Q,mqter ovary cells (26). Genotoxic potentiality
stannous fon as a result of processing ang sncy, was demonstrated in proficient (wild-
packaging in food industry (5). Due to its severg pe) and deficientEscherichia coli (E. col)

applications, ~ the — knowledge  and  th&yqing on DNA repair genes (3). Studies have
understanding of the biological effects of SnCleyeaied that Snglpromotes strand breaks in

become highly relevant (3). lasmid DNA (11). Nevertheless, recent studies
Deoxyribonucleic acid (DNA) damages arﬁ?ve demonstrated a reduction on the lethal

related to cancer, among other diseases (1dkect of SNG) on the survival of. coli cultures

Metal ions can strongly bind in nucleic acid,y he presence of vegetal extracts (4,27,31).
preparations (12), and some transition metals;
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The interest in phytotherapy has beeheen described in aqueous extractions of othetsp(dnl9).
increasing worldwide, due to the use of Vegetgre experiments were carried out in the periodmé tfrom
. . .o ovember 2005 until May 2006.
extracts for their pharmacological activities, an
in nutrition, as dietary supplements. HoweveRacterial strains
the amount of scientific information about their The bacterial strains used in this work are listed
safe and effective use is still quite limited. Infable 1.
ge.ner?‘.l’ most of this information does not havﬂaable 1. E. coli bacterial strains used on the experiments
scientific support and, moreover, the use a§q their main characteristics.
phytotherapic drugs is based only on traditioni__, Conetie mrere References
folk medicine (13) E. coli AB1157 wild type an
Harpagophytum procumbens  (H.  EcouBwoos A @9
procumbeng commonly known as Devil’s Claw, ““"*"" Tog nfo i @
is a prostrate, perennial herb, indigenous to

: cterial survival and treatments
Southern Africa. The powdered tubers can b%aCe”S from E. coli ABL157, BW9091 and BH110

used either directly in a te_a infusion OI’_ as pi”%ultures in exponential growth phase (1-2 ¥ tells/ml)
produced by pharmaceutical companies (20)ere collected by centrifugation, washed and remmsed
Vita Hervas Brazil (www.vitalab.com.br) is ain 0.9% NaCl solution. Samples (1ml) of these celuvere

manufacturer that distributes Devil's Clawincubated in water bath shaker with: (a) Sn@5ug/mli),
SnC} (25ug/ml) + extract (40mg/ml), (c) extract

CapSUIeS’_ and it suggests that a patu_ent can t"%%mg/ml), (d) 0.9% NacCl (control). After 60 minjgalots
up to 6 pills per day, each pill containing 400Mgere withdrawn, diluted and spread onto glass Rities
of dry extract. Its tuberous secondary roots ar@th solid LB (Luria Broth) medium (1.5% agar). Colesi
used in the folk medicine of several countries aeere formed after overnight incubation (37°C) ané th
an analgesic and anti-inflammatory, in cases alflrwval fractlons (SF) calculated. Experiments aver
S . repeated in 3 separated sequences, and 2 sampéectof
joint and '_OaCk pain (930) On_ '_[he treatment' _QFeatment were used in each sequence.

degenerative rheumatoid arthritis, osteoarthritis,

kidney inflammation (22) and heart diseases RESULTS

(32). The anti-inflammatory properties of

Devil's Claw are due to its capability to inhibit Results shown in figure 1 indicate that the
the production of the iINOS enzyme (induciblgyqueous extract ¢f. procumbenslid not present
nitric oxide synthase), due to the presence @{iotoxicity over theE. coli AB1157 (proficient
iridoid glycosides, such as the harpagoside (22)in DNA repair), BW9091 (deficient in thethA
Therefore, the purpose of the present studyene) and BH110 (deficient in tixéhA, nfo and
was to verify: (i) the effect of Sngin different fpg genes) strains. Although these strains have
E. coli strains, proficient or deficient in DNA gifferent capabilities of DNA damage repairing,
repair genes; (i) the biological effects of anhe survival fractions of any of these cultures
aqueous extract d¢f. procumbensn differentE.  \ere not modified by the presence of the studied

CO” Strains, and (|||) the bi0|ogical ef‘feCtS Of thiSextract When Compared to the Control (NaCl
extract on the damage caused by $n@ (.99).

differentE. colistrains.

MATERIALS AND METHODS

Reagents and extract preparation g b " —=—Cortrol

Stannous chloride was purchased from Sigma Chemig T= 0.1 —— AB115T
Co., USA, used in the concentration of 25ug/ml, al §§ iy —— Q772
previously used in various experimental models asib E 0.0004 —&—QC773

research (2,3,7) Commercial dried powder ofH. 0.000m

procumbenswas obtained from Vita Hervas capsules
(Brazil; lot: 02, validity: July 2004 to July 2006) prepared
through the addition of 0.9% NaCl (10ml) 460mg of the
powder, which is the amount of extract found in quiké
(20). Then, it was centrifuged (1500 rpm, 5 minyl ahe
supernatant phase was isolated, which is the hegult
aqueous extract, a light-brown powdery crude sofu(R5).
Once the exact solubility of the powder extract tire .
aqueous solution is not known, the supernatantephss did not exceed 15%.
considered as 40mg/mrhis same procedure has already

fime (minutes) &0

Figure 1. Survival fractions of the used straireated with
an aqueous extract ¢f. procumbeng40g/ml). a) 0.9%
NaCl; b) A AB1157; c)¢ BW9091; d)m BH110. Values
are means of three isolated experiments. Stanaaidttbns
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Figure 2 shows that SnCpossesses an effectpresence of the extract is found, since it was able
upon the survival ofE. coli AB1157 cultures to protect this strain against the effects of the
(proficient in DNA repair), as already describedreducing agent in matter, once the survival
Moreover, an important action in the presence défactions of the cultures treated simultaneously
the extract is found, since it was able to protegtith the extract and SnChre at the same level
this strain against the effects of the reducingf the control (NaCl 0.9%) and the extract alone.
agent in matter, once the survival fractions of the

cultures treated simultaneously with the extrac
and SnC] are at the same level of the contro z
(NaCl 0.9%) and the extract alone. Z ki =% [—o— cantral
2 g'.qu —m— S0l
R —&— SnCE + Extract
=) % 0.00001 4 | —— Extract
g 10 E n} time [ minutes) B0
i 18 —4— Contral in
5 0.1 f
g 0.01 —=—5nCI2
E oo —&— SnCI2 + Extract
g D000 1 [ e Batract Figure 4. Survival fractions oE. coli BH110 strain treated
B 0 time(minutes) B0 with SnC} in the presence or absence of the extrack a)
0.9% NaCl; b)m SnCh (25pg/ml); c)A SnCh (25pg/ml) +

H. procumbensextract (40mg/ml); d)» H. procumbens
Figure 2. Survival fractions oE. coliAB1157 strain treated extract (40mg/ml). Values are means of three isdlat
with SnC} in the presence or absence of the extrace. a) experiments. Standard deviations did not exceed 15%
0.9% NaCl; b)m SnC} (25ug/ml); c)A SnCh (25ug/ml) +
H. procumbengxtract (40g/ml); d¥ H. procumbengxtract DISCUSSION
(40mg/ml). Values are means of three isolated eéxats.

Standard deviations did not exceed 15%. . . .
Stannous chloride is the maifi"Tc reducing

Figure 3 shows that SnCpossesses an effect?dent to obtain radiobiocomplexes used in
nuclear medicine examinations (29,33), in spite

upon the survival of BW9091 (deficient in the : ;
xthA gene), as already described. Moreover, £ the fact that the genotoxic and/or mutagenic

important action in the presence of the extract fCtivities of stannous compounds are still poorly
found, since it was able to protect this straif®mPrenended (3,27). .

against the effects of the reducing agent in S_ome enzymes _mvolved on base excision
matter, once the survival fractions of the culture<$Pa! (_BER)’ .Wh'Ch consists _on se\_/eral
treated simultaneously with the extract and $ncgnzymatic reactions to remove DNA lesions,

are at the same level of the control (NaCl O_go@ave already been well studiedBncoli cultures,
and the extract alone uch as exonuclease lll, endonuclease IV and

formamidopyrimidine-DNA-glycosylase,

encoded by thexthA, nfo and fpg genes,
= respectively. Base related damage can cause
s ER - 3 — lesions with mutagenic properties, contributing to
£ b1 | —m—Snci2 possible carcinogenesis in superior organisms
2 odon | ——sncz+erect || (28). SnC) mediated the lethal effects observed
F 0w | —#—Extract in all threeE. coli cultures used (Figures 2, 3 and
5 0 tmeqmintes) 60 4). The three strains present the same phenotype;
however, BW9091 (lacks th&thA gene) and

Figure 3. Survival fractions ofE. coli BW9091 strain BH110 (lacks thexthA fpg and nfo genes)

treated with SnGlin the presence or absence of the extracP0SSE€SS mutations in specific genes, and its
a) ¢ 0.9% NaCl: b)m SnCh (25ug/ml); c) A SnChp €nzymatic products are directly associated with

(25pug/ml) +H. procumbensextract (40mg/ml); d)» H. the repair of DNA lesions. Therefore, the

procumbensextract (40mg/ml). Values are means of thregjeficient strains (BW9091 and BH110) were

f;!/f)‘ted experiments. Standard deviations did neeed 1,46 sensitive to the Sndethal effects than the
' wild-type strain (AB1157). This result could be

Furthermorefigure 4 shows that Sngpossesses JUSt'f'ed. due. to the d'ef|C|e'ncy on  BER
an effect upon the survival of BH110 (deficieng‘eChan'.Sm’ since the.coli strains ”S?d have
in the xthA, nfo and fpg genes), as already. een widely useq to try to investigate th_e
described. Moreover, an important action in th&fluénce of physical and chemical agents in
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different steps of the DNA lesion repair (15)against SnGl damage: the OxyR system involvement.

:Biochimie. 2002, 84: 291-294.
Authors -~ have reported that the genOt0X|§. Bernardo-Filho, M., Cunha, M.C., Valsa, J.O., Cahdei

potentlal of Stannqus salts c_;lepends on tr})%-Arat’Jjo, A., Silva, F.C.P. and Fonseca, A.S., &atbn

genome of the strains used, since the bacteridlpotential genotoxic of stannous chloride: inaation,

cultures with lack of only one DNA repair gendilamentation and lysogenic induction of Eschericltioli.

are more resistant than the ones with lack of tv\ES’gd Chedm Ioé'c%'- 13?4' 32: ,\‘;7;'3795' CR. Dm

- ernardo, L.C., De Oliveira, M.B.N., Silva, C.R.,

or thre? genes (3’8!10)' Therefore, our fmqu%.\ls., De Mattos, J.C.P., Caldeira-de-Aradjo, MoR&.

WOUI_d indicate the 'mportance_Of BER on thgng Bemardo-Filho, M., Biological effects of rutim ¢he

repair of the damages mediated by SnClsurvival of Escherichia coli AB1157 on the eletroptiz

Galhardo et al.have also hypothesized themobility of plasmid pUC 9.1 DNA. Cell. Mol. Biol. 2002

i 1 517-520.

!nﬂulen%es ?I] tgeElé)rOdU(;L of ;?este same gegéé Blunden, S. and Wallace, T., Tin in canned food -

Involved wi - on e elects cause Yeview and understanding of current literature. d~Qiem.

hydrogen peroxide, a FR generator such as Sn@byicol. 2003, 41: 1651-1662.

(15). 6. Boiteux, S., Gajewski, E., Laval, J. and Dizdéupd.,
Authors have described the presence @ubstrate specificity of the Escherichia coli Fpgtgin
i PR (formamidopyrimidine-DNA-glycosylase):  excision  of

antl_OX|dant prope_rtlgs in vegetal extra(8,24). purine lesions in DNA produced by ionizing radiatior

An important antioxidant effect related to tHe_ photosensitization. Biochemistry 1992, 31: 106-110.

procumbensqueous extracts has been described,Cabral, R.E., Leitdo, A.C., Lage, C., Caldeira-deufoa

and it seems that it does not only involve thé.. Bernardo-Filho, M., Dantas, F.J., Cabral-Netd.,J.
presence of the harpagoside, but its associatitfytational potentiality of stannous chloride: anpontant
ith the other extract components (22). Figur reducing agent in the Tc-99m-radiopharmaceutiddigtat.

wi p - FIQUr€Res. 1998, 408: 129-135.

2, 3 and 4 also show the effeCt_Of ﬂhe 8. Caldeira-de-Araljo, A., Dantas, F.J.S., MoraesQM

procumbensaqueous extracts on the inactivatioiffrelzenszwalb, 1. and Bernardo-Filho, M., Stannoueride

induced by SnGlin the E. coli strains. This participates in the generation of reactive oxygeecges. J.

. Braz. Assoc. Adv. Sci. 1996, 48: 109-113.
extract was capable to protect tke coli cells 9. Chrubasik, S. Conradt, C. and Roufogalis, B.D.

a_gainSt the lesive aCtiO_n_Of SnCMoreover, it Effectiveness of Harpagophytum extracts and clinica
did not present cytotoxicity over these culturessfficacy. Phytother. Res. 2004, 18: 187-189.
as shown in figure 1. 10. Dantas, F.J.S., Moraes, M.O., Carvalho, E.Fls&/a

Hence, our results showed a protective effeéto-’ Bernardo-Filho, M. and Caldeira-de-Aradjo, A.,

ethality induced by stannous chloride on Eschégicoli
of the referred extract upon the SE]CIABIIS?: participation of reactive oxygen speciesodro

cytotoxicity uponE. coli cultures. According t0 chem. Toxicol. 1996, 34: 959-962.
this finding, we may suggest that the substances. Dantas, F.J.S., Moraes, M.O., Mattos, J.C.PzeBe,
in the aqueous extract COUId be acting as: %\].A.C., Carvalho, E.F., Bernardo-Filho, M. and Caldeir

: : - - de-Aradjo, A., Stannous chloride mediates singlanst
metal ion chelator of the stannous ions, avoidi eaks in plasmid DNA through reactive oxygen Speci

the generation of FR, (i) FR scavengeriymation. Toxicol. Let. 1999, 110: 129-136.
protecting the cells against the oxidation, and/ar. De Mattos, J.C., Dantas, F.J.S., Bezerra, R.JnaBi-
(i) an oxidant compound that could act upon théilho, M., Cabral-Neto, J.B., Lage, C., Leitdo, A.and

i i Caldeira-de-Araljo, A., Damage induced by stannous
Stannou.s |on§, rgducmg the Sp@thal ef.feCt' chloride in plasmid DNA. Toxicol. Lett. 2000, 11&59-
Further investigation should take place, in ordejg,

to elucidate the exact protective mechanism @$. Ferreira-Machado, S.C., Rodrigues, M.P., Nunes,
action of these substances upon the $n@IP.M., Dantas, F.J.S., De Mattos, J.C.P., Silva, C.R.
lethality. Moura, E.G., Bezerra, R.J.A.C. and Caldeira-de-Arafijo,
Genotoxic potentiality of aqueous extract prepafexin
Chrysobalanus icaco L. leaves. Toxicol. Lett. 2008]:
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