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Abstract

Streptococcus pyrogenic exotoxin B gene (speB) is chromosomally encoded pyrogenic and cardiotoxic virulence
factor of S. pyogenes. Exotoxin B is produced only in a secreted form, as a 40 KD proprotein, which is subsequent-
ly processed to 28 KD in the mature form. Streptococcus pyogenes infection in human, causes initially pharyngitis due
to inhalation of aerosols emitted by infected persons, develops rheumatic fever which leads to the rheumatic heart disease
(damage of heart valves). The available detection methods are bacterial culture, B-hemolysis, bacitracin sensitivity, hippurate
test, phadebact test, CRP (C-reactive protein), ESR and PCR. All these methods are either expensive or non-confirmatory
and have some limitations. Available PCR methods take more time and require other test to confirm the disease. Our PCR
based detection of Streptococcus pyogenes in human using specific primers of speB gene completes overall analysis in 80
min which is the minimum time reported so far for the confirmation of the disease. Amplicon of 423bp of speB gene can be
used as a specific genetic marker as it does not show homology with other organisms for early detection of rheumatic heart

disease. Our method is specific virulence gene based which is quick, economical and more sensitive as compared with other
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INTRODUCTION

Rheumatic heart disease (RHD) is a complication of
rheumatic fever in which the heart valves (mitral and
aortic) are damaged. Rheumatic fever is an inflamma-
tory disease that begins with strep throat. The main
causative organism for this disease is Streptococcus
pyogenes. Streptococcus pyogenes affects many of the
body’s connective tissues especially of the heart, joints,
brain or skin. The most common symptoms of rheumatic
infection are joint pain, fever, chest pain or palpitations
caused by heart inflammation (carditis), jerky uncontrol-
lable movements (Sydenham’s chorea), a rash and small
bumps (nodules) under the skin (6, 8). Increasing resis-
tance of S. pyogenes to antibiotics has called for the search
of new preventive methods and therapies (23). The adhe-
rence of bacteria to the host cells as the initial event in the
pathogenic process is a potential target for anti-adherence
therapy, in which analogues of receptor molecule are used
to prevent the bacteria from binding to the host cells (9,
10). The patient remains infected for weeks even after
symptomatic resolution of pharyngitis and may serve as
a reservoir of infection to others (20, 21, 22). Therefore,
accurate detection and diagnosis of streptococcal infection
is essential for prevention, therapeutic and clinical mana-
gement of the disease (11, 12). Most of the current tests
rely on several laboratory methods in addition to clinical
symptoms, history and geographic location of the patient
which are not much useful for therapy and prognosis of the
disease (2, 3, 5). Recent developments in new diagnostic
tools, however, have opened new avenues for vast impro-
vements in the diagnosis of rheumatic heart infection (3).

The epidemiology of acute rheumatic fever (ARF) is lin-

ked with group A beta-haemolytic streptococcus pharyngi-
tis and both have a maximum incidence in the age group of
5-15 yrs (4, 5). In developed countries, RHD has become
an uncommon health problem during the past two decades.
In contrast, in the countries like India, the middle-east and
sub Saharan Africa, RHD remains a leading cause of heart
problems in both children and adults (4, 6). According to
the world health organization (WHO), at least 15.6 mil-
lions people are affected with RHD in the world. Out of
the 5 lakh individuals of ARF, 3 lakh develop RHD and
2.3 lakh deaths are attributed to RHD/ARF. Recent data
from India suggest that a large number of cases of RHD
are still seen frequently in young children under the age of
10 years (1, 13, 14).

Molecular diagnostics are revolutionizing the clinical
practice of infectious disease. The introduction of polyme-
rase chain reaction (PCR) based DNA amplification in the
early nineties is being used for the diagnosis of infectious
diseases (17, 18, 19). Compared to serology, PCR-based
diagnosis is more specific and sensitive which allows early
detection of rheumatic heart disease (7, 8,16). In addition
to various virulence factors, S. pyogenes also produces se-
veral super-antigens like erythrogenic toxins. The erythro-
genic toxins secreted by S. pyogenes are antigenically
distinct extracellular toxins known as streptococcal pyro-
genic exotoxins (spe), which include A, B C, F, G, H and
J type (9). These toxins are believed to be associated with
pyrogenicity. Furthermore, these toxins have extra ability
to cause myocardial necrosis. Identification of speB gene
serves as a marker for serotyping. speB (streptococcal
pyrogenic exotoxin B) is chromosomally encoded py-
rogenic and cardiotoxic virulence factor of S. pyogenes
(15). It degrades host extra-cellular matrix surface pro-
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teins (10). SpeB has been considered to be produced
only in a secreted form, as a 40 KD proprotein, which
is subsequently processed to the 28 KD in the mature
form (11, 12). The speB gene is chromosomally located
on every group A streptococcus strain and consists of
a 1196 bp open reading frame yielding 371 amino acid
polypeptide with a predicted molecular weight of 40
KD. SpeB is secreted strictly in the late log or early sta-
tionary phase of growth as a proteinase precursor which is
proteolytically cleaved to mature active form. SpeB is also
found on the surface of the bacteria and possess glycopro-
tein and laminin binding activities (13).

MATERIALS AND METHODS

Sample collection and chemicals

The bacterial strain M 140 was taken from IMTECH
Chandigarh. The patient’s throat swab samples were col-
lected from Sufdurjung Hospital and experiments were
performed at NCDC. PCR chemicals and Taq polymerase
were obtained from Bangalore GeNei, India. Tris and
EDTA were purchased from Sigma-Aldrich, USA. Other
chemicals were analytical reagent grade. DNA purification
kit (including GFX column) was purchased from Amersh-
am Biosciences, UK Ltd. Primers were synthesized from
TCGA (The Centre for Genomic Application), India.

Sample preparation

The suspected patient throat swab samples were dis-
solved in 500ul of autoclaved TE buffer (10 mM Tris, 1
mM EDTA, pH 8) and heated at 94 °C for 3 min. After
heating, all tubes were centrifuged at 4000xg for 2min and
pellet was washed with autoclaved water (centrifugation)
and finally dissolved in 50 pl of autoclaved water. 3 pl of
this solution (bacterial DNA) was added in 22 ul of PCR
reaction mixture (pellet may also be dissolved directly into
25 ul PCR reaction mixture if concentration of bacterial
DNA is less) and transferred into PCR tubes for PCR. For
quantification and purity (A, ,,,) determination, genomic
DNA sample was dissolved in water (instead of PCR re-
action mixture) and measured by Nanodrop spectropho-
tometer. The genomic DNA was also isolated from 18 h
cultured S. pyogenes (strain M140, IMTECH Chandigarh)
in brain heart infusion broth at NCDC using phenol chlo-
roform method for standardization of PCR method (24).

Amplification of target gene

The sequence of speB gene of Streptococcus pyogenes
was retrieved from NCBI and checked for the homology
with other organisms. The speB gene based forward pri-
mer (5’-GTA GCAACACATCCTGTAGCTGCA-3’) and
reverse primer (5°’- AGGTGCAC GAAGCG CAG AAG
ATAT -3’) were synthesized and the PCR was carried out
with the following steps: Initial heating at 94°C for 3 min,
followed by 25 cycles of denaturation at 94°C for 7s, an-
nealing at 55°C for 10s, extension at 72°C for 5s and final
extension for 3 min after the last cycle. The PCR was car-
ried out in 25l reaction mixture containing 1 x assay buf-
fer, ImM of dANTP (0.25mM of each dATP, dGTP, dCTP
and dTTP), 0.2 uM each of forward and reverse primers,
genomic DNA (100ng) or heated bacterial cells, 0.75 units
Taq polymerase and Milli Q water. Sharp band was visua-
lized in UV light corresponding to 423 bp in DNA marker.
The amplified PCR product was purified using GFX co-

lumn and agarose gel electrophoresis of PCR product was
carried out in 1.5% agarose gel at 80V. The purified PCR
product was sequenced by TCGA (THE CENTRE FOR
GENOMIC APPLICATION) and homology of the speB
gene sequence of S. pyogenes was confirmed by BLAST.

A B

GTAGCAACACATCCTGTAGCTGCATGTTG

1000 bp ACCTACAAAAGATTGTTCACCTGGTTTTA

300bp T CTTTTTCAATAACAGGTGTCAATAGGTTG
200bp — 4 TAMGGGTTACCTTGATTGTAATGAATGCC
700 bp ——— TTTTGAATC AAGGAGAGATTTAACAACTG
500 bp ——r BTTGTTTAATCTCAGCGGTACCAGCATAA
500 bp — GTAGTGTCTAATTTTITGTTTICTTTGATTT
400bp —— BTTCOACATAACTTTCCATGAAGGAABCA
300bp —— ATGTTTTCTTTACCGTTAGCGTCAAATGAT
200bp ———p CCOCTGETABAGTATCCTAGAATTTCTGGA
\0otp BAACGTTTATCTCCTGAAACGATAACARAT
—_— CCTCCAGTAGAMAT ATTGT AAACATACATA

TTAGAGCCAGAAAGTTCTCCACCTAAGTTA
ACTTTGTCAAGCTTAATATCTTCTGCGCTTC
GTGCACCT

Figure 1. [A] Agarose gel electrophoresis (1.5%) of PCR product.
Lanel: DNA marker 100bp; Lane2: GFX column purified PCR
product (423bp). [B] Gene sequence of PCR product (423bp) using
reverse primer.

Figure 2. Agarose gel electrophoresis (1.5%) of suspected RHD
patients. Lane 1 and lane 2 (control) and lane 6, 8, 12 and 24 show
single band corresponding to 423bp of DNA marker (infected patients)
whereas lane 3-5, 7, 9-11, 13-23 and 25-30 showed no bands (normal
person).

RESULTS AND DISCUSSION

The DNA sequence of 423bp amplicon after BLAST
shows similarity with speB gene of S. pyogenes which
confirmed that the right fragment within speB gene had
been amplified correctly. Primers used in this experiment
were specific and amplify only the specific region under
specific conditions (Fig.1). Several diagnostic methods
for the diagnosis of S. pyvogenes in patient samples like
culture, CRP (C-reactive protein), ESR (Erythrocyte sedi-
mentation rate), agglutination test, antibiotic sensitivity
etc. are available but all these tests are time consuming
and have some limitations. The results suggest that speB
gene can be used as specific genetic marker for the dia-
gnosis of S. pyogenes. Amplicon of 423 bp of speB gene
does not show homology on BLAST with other organisms
and therefore it can be used as a genetic marker for early
detection of S. pyogenes causing rheumatic heart disease.
The diagnosis of the suspected strep throat patient (28
samples and the 2 controls) was carried out with different
methods (Table 1) which are currently being used in labs
as well as with our PCR based method using speB as gene-
tic marker (Fig.2). Sample 1 and 2 used as control (posi-
tive test) using genomic DNA isolated from S. pyogenes
culture. Sample 6, 8, 12 and 24 showed positive by our
PCR method and their bands correspond to 423bp of speB
gene of S. pyogenes. But sample 8 and 30 showed catalase
positive test where as others showed negative which sug-
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Table 1. Diagnosis of suspected patients by different available methods and PCR using speB gene as a specific genetic marker.

Present available methods (16)

PCR with
marker

Sample
No.

Culture on
blood agar
B-hemolysis

Microscopic
examination
(Gram +)

Enzyme test
Catalase

Normal/
Infected
patient

Antibiotic
susceptibility
Bacitracin

speB gene
(423 bp)

1 Control + + -
2 Control + + -

29 - ] ]
30 ; ] .

+ +
+ +

2222229 2ZZ2Z2Z2Z2Z22Z2Z2Z22Z2Z2Z39Z2ZZ9Z8ZZZ0OO0O

Control = C, Normal individuals = N, Infected patients with S.pyogenes = P.

gest that catalase is not specific test for S. pyogenes (16,
21, 24, 25). Other available tests also have some limita-
tions [B-hemolysis (sample 12), Gram staining (sample 16
and 28) and Bacitracin (sample 29)] and give false results
whereas our method uses speB gene based specific primers
which give amplicon of 423bp. Hence, speB gene can be
used as marker for early diagnosis of rheumatic heart di-
sease to prevent damage of mitral and aortic heart valve.
Sample 12 was collected from the patient who already had
rheumatic fever. The present method is simple, economical
and fast as it takes only 80 min including electrophoresis
for confirmation of the disease.

ACKNOWLEDGEMENTS

The authors thank to Dr. Rajesh Gokhale, Director IGIB for suggestions
and discussion. This work was supported by Department of Science and
Technology, Govt. of India, New Delhi.

Other articles in this theme issue include references (26-53).

REFERENCES

1. Adnan, D., Kathryn, T., Patricia, F., Georges, P. and Stanford, S.,
Treatment of acute streptococcal pharyngitis and prevention of rheu-
matic fever. Pediatrics. 1995, 96: 758-764.

2. Alan, L. B. and Itzhak, O., Serologic diagnosis of streptococcal in-
fection. Am. J. Dis. Child. 1974, 127: 676-681.

3. Alan, L. B., Michael, G., Jack, M. G., Edward, L. K. and Richard,
S., Practice guidelines for the diagnosis and management of Group A
Streptococcal pharyngitis. Clin. Infect. Dis. 2002, 35: 113-125.

4. Antoni, M. D., Roswith, 1. and Tom, R. H., Epidemiology of rheu-
matic fever. Amer. J. Cardiol. 1958, 1: 423-435.

5. Brahmadathan, K. N. and Gladston, P., Microbiological diagnosis
of streptococcal pharyngitis: lacunae and their implications. Ind. J.
Med. Microb. 2006, 24: 92-96.

6. Charles, H. R., Lewis, W. W. and Floyd, W. D., The epidemiology

52



A. KAUSHAL et al. / speB marker for rheumatic heart disease.

and prevention of theumatic fever. The New York Acad. Med. 1952, 28:
321-334.

7. Chopra, P. and Bhatia, M. L., Chronic rheumatic heart disease in
India: A reappraisal of pathologic changes. J. Heart Valve Dis. 1992,
1: 91-101.

8. Christopher, M. D., David, H. D. and Peter, J. K., Infectious indica-
tions for tonsillectomy. Pediatr. Clin. N. Am. 2003, 50: 445-458.

9. Dominik, K., Elliot, K. F., Claus, D. C. and Jens, V. C., Computed
tomography evaluation of cardiac valves: A review. Cardiac CT. 2010,
48: 783-797.

10. Gene, H. S., Rheumatic fever in the 21* century. Clinic. Infect. Dis.
2001, 3: 806-814.

11. Hoby, B., Diagnosis and treatment of streptococcal pharyngitis.
Am. Family Physician. 2009, 79: 383-389.

12. Jagat, N., Chandrasekhar, Y. and Shahbudin, R., Diagnosis of active
rheumatic carditis. Am. Heart Assoc. 1999, 100: 1576-1581.

13. James, C. S., Kent, K. E., Judy, A. D., George, V. L. and James, M.
M., Molecular analysis of group A streptococcus type emml8 isolates
temporally associated with acute rheumatic fever outbreaks in Salt Lake
city, Utah. J. Clin. Microbiol. 2002, 40: 1805-1810.

14. Jonathan, R. C., John, P. and Thomas, C., Standardization of epi-
demiologic protocols for surveillance of post-streptococcal sequelae:
acute rheumatic fever, rheumatic heart disease and acute poststrepto-
coccal glomerulonephritis. W.H.O. 2006, 2: 1-36.

15. Jukka, H., Sauli, H., Dieter, G., Andreas, P. and Jukka, F., speB viru-
lence factor of Streptococcus pyogenes, a multifunctional secreted and
cell surface molecule with strepadhesin, laminin-binding and cysteine
protease activity. Mol. Microbiol. 2001, 9: 12-19.

16. Kumar, A., Bhatnagar, A., Gupta, S., Khare, S. and Suman., sof’
gene as specific genetic marker for the detection of S. pyogenes causing
pharyngitis and RHD. Cell. Mol. Biol. 2011, 57(1): 26-30.

17. Maria, E.H., Maria, TRAT., Rheumatic fever. Sci. Direct. 2007, 6:
209-217.

18. Marie, L., Lisa, L. and Andrew, E. S., The role of DNA amplifica-
tion technology in the diagnosis of infectious diseases. CMAJ. 2000,
63: 301-309.

19. Michael, A. G. and Stanford, T. S., Rapid diagnosis of pharyngitis
caused by group A streptococci. Clin. Microbiol. Rev. 2004, 17: 571-
580.

20. Michael, A. G., Robert, S. B. and Charles, B. E., Prevention of rheu-
matic fever and diagnosis and treatment of acute streptococcal pharyn-
gitis. Am. Heart Assoc. 2009, 119: 1541-1551.

21. Mishra, T. K., Acute rheumatic fever and rheumatic heart disease:
current scenario. JIACM. 2007,8: 324-330.

22. Muldrew, K. L., Molecular diagnostics of infectious diseases. Curr:
Opi. Ped. 2009, 21: 102-111.

23. Parida, M. M., Sannarangaiah, S., Dash, P. K. and Morita, K., Loop
mediated isothermal amplification (LAMP): a new generation of inno-
vative gene amplification technique. Perspectives in clinical diagnosis
of infectious diseases. Rev. Med. Virol. 2008, 2: 407-421

24. Park, D., Genomic DNA isolation from different biological materi-
als. Methods in Mol. Biol. 2007, 353: 42-47.

25. Seki, M., lida, Ken-ichiro, Saito, M., Nakayama, H. and Yoshida,
Shin-ichi, Hydrogen peroxide production in Streptococcus pyogenes:
Involvement of lactate oxidase and coupling with aerobic utilisation of
lactate. J. Bacteriol. 2004, 186(7): 2046-2051.

26. Singh, M. P, and Kumar, V., Biodegradation of vegetable and
agrowastes by Pleurotus sapidus: A noble strategy to produce mush-
room with enhanced yield and nutrition. Cell. Mol. Biol. 2012, 58 (1):
1-7.

27. Pandey, V. K., Singh, M.P., Srivastava, A. K., Vishwakarma S. K.,
and Takshak, S., Biodegradation of sugarcane bagasse by white rot fun-
gus Pleurotus citrinopileatus. Cell. Mol. Biol. 2012, 58 (1): 8-14.

28. Ruhal, A., Rana, J. S., Kumar S., and Kumar, A., Immobilization

of malate dehydrogenase on carbon nanotubes for development of ma-
late biosensor. Cell. Mol. Biol. 2012, 58 (1): 15-20.

29. Vishwakarma, S. K., Singh, M. P., Srivastava A.K. and Pandey, V.
K., Azo dye (direct blue) decolorization by immobilized extracellular
enzymes of Pleurotus species. Cell. Mol. Biol. 2012, 58 (1): 21-25.

30. Dash, S. K., Sharma, M., Khare, S. and Kumar, A., rmpM gene as
a genetic marker for human bacterial meningitis. Cell. Mol. Biol. 2012,
58 (1): 26-30.

31. Bertoletti, F., Crespan, E. and Maga, G., Tyrosine kinases as essen-
tial cellular cofactors and potential therapeutic targets for human immu-
nodeficiency virus infection. Cell. Mol. Biol. 2012, 58 (1): 31-43.

32. Sandalli, C., Singh, K., and Modak, M. J., Characterization of cata-
lytic carboxylate triad in non-replicative DNA polymerase III (pol E)
of Geobacillus kaustophilus HTA. Cell. Mol. Biol. 2012, 58 (1): 44-49.
33. Datta, J. and Lal, N., Application of molecular markers for genetic
discrimination of fusarium wilt pathogen races affecting chickpea and
pigeonpea in major regions of India. Cell. Mol. Biol. 2012, 58 (1): 55-
65.

34. Siddiqi, N. J., Alhomida, A. S., Khan, A. H. and Onga, W.Y., Study
on the distribution of different carnitine fractions in various tissues of
bovine eye. Cell. Mol. Biol. 2012, 58 (1): 66-70.

35. Ong, Y. T., Kirby, K. A., Hachiya, A., Chiang, L. A., Marchand, B.,
Yoshimura, K., Murakami, T., Singh, K., Matsushita, S. and Sarafianos,
S. G., Preparation of biologically active single-chain variable antibody
fragments that target the HIV-1 GP120 v3 loop. Cell. Mol. Biol. 2012,
58 (1): 71-79.

36. Singh, J., Gautam, S. and Bhushan Pant, A., Effect of UV-B radia-
tion on UV absorbing compounds and pigments of moss and lichen of
Schirmacher Oasis region, East Antarctica. Cell. Mol. Biol. 2012, 58
(1): 80-84.

37. Singh, V. P, Srivastava, P. K., and Prasad, S. M., Impact of low and
high UV-B radiation on the rates of growth and nitrogen metabolism in
two cyanobacterial strains under copper toxicity. Cell. Mol. Biol. 2012,
58 (1): 85-95.

38. Datta, J. and Lal, N., Temporal and spatial changes in phenolic
compounds in response Fusarium wilt in chickpea and pigeonpea. Cell.
Mol. Biol. 2012, 58 (1): 96-102.

39. Sharma, R. K., JAISWAL, S. K., Siddiqi, N. J., and Sharma, B.,
Effect of carbofuran on some biochemical indices of human erythro-
cytes in vitro. Cell. Mol. Biol. 2012, 58 (1): 103-109.

40. Singh, A. K., Singh, S. and Singh, M. P., Bioethics A new frontier of
biological Science. Cell. Mol. Biol. 2012, 58 (1): 110-114.

41. Adedeji, A. O., Singh, K. and Sarafianos, S. G., Structural and bioc-
hemical basis for the difference in the helicase activity of two different
constructs of SARS-CoV helicase. Cell. Mol. Biol. 2012, 58 (1): 115-
121.

42. Singh, S., Choudhuri, G., Kumar, R. and Agarwal, S., Association
of 5, 10-methylenetetrahydrofolate reductase C677T polymorphism in
susceptibility to tropical chronic pancreatitis in North Indian popula-
tion. Cell. Mol. Biol. 2012, 58 (1): 122-127.

43. Sharma, R. K., Rai, K. D. and Sharma, B., /n vitro carbofuran in-
duced micronucleus formation in human blood lymphocytes. Cell. Mol.
Biol. 2012, 58 (1): 128-133.

44, Naraian, R., Ram, S., Kaistha S. D. and Srivastava J., Occurrence of
plasmid linked multiple drug resistance in bacterial isolates of tannery
effluent. Cell. Mol. Biol. 2012, 58 (1): 134-141.

45. Pandey, A. K., Mishra, A. K., And Mishra, A., Antifungal and an-
tioxidative potential of oil and extracts, respectively derived from lea-
ves of Indian spice plant Cinnamomum tamala. Cell. Mol. Biol. 2012,
58 (1): 142-147.

46. Mishra, N., and Rizvi, S. L., Quercetin modulates na/k atpase and
sodium hydrogen exchanger in type 2 diabetic erythrocytes. Cell. Mol.
Biol. 2012, 58 (1): 148-152.

47. Kumar, A., Sharma, B. and Pandey, R. S., Assessment of stress in

53



A. KAUSHAL et al. / speB marker for rheumatic heart disease.

effect to pyrethroid insecticides, A-cyhalothrin and cypermethrin in a
freshwater fish, Channa punctatus (Bloch). Cell. Mol. Biol. 2012, 58
(1): 153-159.

48. Srivastava N., Sharma, R. K., Singh, N. and Sharma, B., Acetylcho-
linesterase from human erythrocytes membrane: a screen for evaluating
the activity of some traditional plant extracts. Cell. Mol. Biol. 2012, 58
(1): 160-169.

49. Singh, M.P., Pandey, A. K., Vishwakarma S. K., Srivastava, A. K.
and Pandey, V. K., Extracellular Xylanase Production by Pleurotus spe-
cies on Lignocellulosic Wastes under in vivo Condition using Novel
Pretreatment. Cell. Mol. Biol. 2012, 58 (1): 170-173.

50. Kumar, S., Sharma, U. K., Sharma, A. K., Pandey, A. K., Protective
efficacy of Solanum xanthocarpum root extracts against free radical da-
mage: phytochemical analysis and antioxidant effect. Cell. Mol. Biol.
2012, 58 (1): 174-181.

51. Shukla, A., Singh, A., Singh, A., Pathak, L.P., Shrivastava, N.,
Tripathi, P. K., Singh, K. and Singh, M.P., Inhibition of P. falciparum
pfATP6 by curcumin and its derivatives: A bioinformatic Study. Cell.
Mol. Biol. 2012, 58 (1): 182-186.

52. Michailidis, E., Singh, K., Ryan, E. M., Hachiya, A., Ong, Y. T,
Kirby, K. A., Marchand, B., Kodama, E. N., Mitsuya, H., Parniak, M.A.
and Sarafianos, S.G., Effect of translocation defective reverse transcrip-
tase inhibitors on the activity of n348i, a connection subdomain drug
resistant HIV-1 reverse transcriptase mutant. Cell. Mol. Biol. 2012, 58
(1): 187-195.

53. Parveen, A., Rizvi, S. H. M., Gupta, A., Singh, R., Ahmad, 1., Mah-
di, F., and Mahdi, A. A., NMR-based metabonomics study of sub-acute
hepatotoxicity induced by silica nanoparticles in rats after intranasal
exposure. Cell. Mol. Biol. 2012, 58 (1): 196-203.

54



