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In day 3-5, the bacterial load in the liver and spleen was 
significantly different between the two groups (P<0.05) 
(Fig. 8A,B). 

Histopathological analysis revealed that compared with the 
spleen (Fig. 9a), liver (Fig. 9b) and kidney (Fig. 9c) of normal 
mice, the LM EGD-e-infected mice had partial hepatocyte 
necrosis, hepatic lobular infl ammatory cell infiltration, the 
tissue structure was unclear and a reticular filamentous 
structure appeared (Fig. 9h). Transparent degeneration and 
lymphoid tissue necrosis occurred in spleen reticular fibers, 
spleen nodules increased in size, intercellular structure 
was loose, and interstitial volume was widened (Fig. 9g). 
Renal venular hemorrhage occurred, infl ammatory cells 
appeared, and the interstitial volume was enlarged (Fig. 
9i). Compared with the LM EGD-e-infected mice, the 
pathological changes were obviously alleviated in LM-
ΔrncS-infected mice (Fig. 9d,e,f), indicating that rncS gene 
deletion reduced the virulence of LM.

DISCUSSION

Studies have found that RNaseIII is a highly conserved 
nuclease that can cleave double-stranded RNA and 
participates in the regulation of bacterial ncRNA, directly or
indirectly aff ecting the adaptability of bacteria in stressful 

environments such as weak bases and oxidation [16-18]. Kim 
et al.[19] found that RNase III is involved in the regulation 
of low temperature stress response in E. coli. Roy and 
Chanfreau [20] confirmed that degradation of BDF2 mRNA 
by RNase III under hypertonic conditions resulted in a
significant decrease in the growth of the yeast Δbdf1 
deletion strain. So far, more than 200 ncRNAs have been 
found in LM [21]. These ncRNAs may be associated with 
various life activities such as acid-base tolerance, glucose 
metabolism and stress response of LM [22-24]. In this study, 
we confirmed that RNase III is involved in the regulation of 
stress response of LM to low temperature, high temperature, 
ethanol, high salt, alkaline and oxidative environment. 
However, which ncRNAs are required to mediate RNase 
III regulated environmental stress response of LM is still 
unclear. RNase III can indirectly aff ect the formation of 
biofilm by regulating the expression of some genes in 
bacteria. Saramago et al.[25] verified that in R. typhimurium, 
RNase III regulates the production of biofilms by regulating 
the mRNA level of a transcriptional regulator CsgD that 
regulates the expression of biofilm-associated matrix 
compounds  and the expression of the fl agellin fl jB and fl iC
genes [26]. Kim et al.[27] revealed that RNase III can regulate the 
formation of E. coli biofilm through the RNase III-dependent 
pathway. Ruiz et al.[28] confirmed in S. aureus, the pairing of 
the biofilm repressor IcaR 3’-UTR with the 5’-UTR provides 
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Fig 9. Histopathological examination of mice 
spleen, liver and kidney (HE×400). a,b,c: spleen, 
liver and kidney of normal mouse; d,e,f: spleen, 
liver and kidney of mice injected with LM-
△rncS; g,h,i: spleen, liver and kidney of mice 
injected with LM EGD-e
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a double-stranded RNA substrate for RNase III, which 
accelerates the decay of icaR mRNA and regulates the 
formation of biofilms. In addition, Zhao et al.[29] verified that 
RNase III indirectly regulates the formation of Salmonella 
typhimurium biofilm by catalytically cleaving the 3’UTR of 
the riboflavin synthase subunit RibE α mRNA to generate 
a novel ncRNA RibS. Lemon et al.[30] found that prfA plays 
a role in flagella-mediated movement and maturation of 
the biofilm after initial surface adhesion, whereas ncRNA 
SreA interacts with the 5’UTR of PrfA mRNA and reduces 
the stability of prfA transcript or prfA mRNA translation. In 
addition, SreA can also regulate the expression of AgrD [31] 

and indirectly regulate the adhesion process of biofilms [32]. 
Studies also revealed that σB regulates the formation 
of biofilm by regulating the expression of flagellin [33], 
while RNase III can cleave σB-dependent sRNA SbrA [34], 
suggesting that RNase III indirectly regulates the formation 
of biofilm. In this study, the phonotype analysis result 
demonstrated that the biofilm formation ability of LM-
ΔrncS was significantly lower than that of LM EGD-e, and 
qRT-PCR further confirmed that the transcription levels of 
both SreA and SbrA genes were decreased, suggesting that 
RNase III may be indirectly involved in the regulation of 
biofilm formation through biofilm-associated ncRNA SreA 
and SbrA-mediated regulation.

Recent studies have also found that RNase III also plays an 
important regulatory role in the expression of bacterial 
virulence genes [35]. Darfeuille et al.[11] found in E. coli that 
RNase III mainly cleaves tisAB mRNA after IstR-1 sRNA 
binding. Furthermore, in vivo RyhB sRNA decay depends 
on RNase III after sRNA pairing with the 5’-UTR of its mRNA 
target [36]. Abidat revealed that RNase III can directly act 
on the virulence-related genes of Salmonella, and can 
also bind small non-coding antisense RNA molecules 
and mRNA target complexes to regulate the expression 
of virulence genes [25]. Bonnin and Bouloc [37] found that 
RNase III is involved in the regulation of the expression of 
cell adhesion factors in S. aureus. In this study, cell infection 
assay result confirmed that the adhesion, invasion and 
intracellular survival and proliferation of LM-ΔrncS in 
macrophages were significantly decreased. Meanwhile, the 
transcription levels of InlA, hly, prfA and SigmaB gene were 
significantly lower than those of LM EGD-e. In addition, the 
animal infection test further confirmed that the survival 
ability of LM-ΔrncS in the liver and spleen was significantly 
decreased, indicating that the rncS gene plays a regulatory 
role in the virulence of LM. However, which ncRNAs are 
involved in RNase III-mediated regulation of the virulence 
in LM require further study of transcriptomics of LM-ΔrncS 
deletion strain.

In conclusion, we for the first time confirmed that RNase 
III rncS is involved in the environmental stress response, 
biofilm formation and virulence in LM, which provide 
insights into the regulatory role of RNase III rncS in LM 
environmental adaptability and pathogenicity.

Acknowledgments

We thank the field staff who provided the samples for 
this study. This work was supported by the national key 
research and development program (No. 2016YFD0500900), 
Young and middle-aged leading science and technology 
innovation talents plan of Xinjiang Corps (No.2016BC001), 
the International Science & Technology Cooperation 
Program of China (No. 2014DFR31310), National Natural 
Science Foundation of China (31360596, 30960274), and 
Cooperation project of Urumqi-Chongqing in Science and 
technology (No. Y161220001). 

Conflict of Interests Statement 

The authors declare that they have no conflict of interest.

Ethical Approval

Ethical approval for this study was given by the Research 
and Ethical Committee of the Shihezi University.

REFERENCES 

1. Mariscotti JF, Quereda JJ, Garcia-del Portillo F, Pucciarelli MG: The 
Listeria monocytogenes LPXTG surface protein Lmo1413 is an invasin with 
capacity to bind mucin. Int J Med Microbiol, 304 (3-4): 393-404, 2014. DOI: 
10.1016/j.ijmm.2014.01.003

2. Quereda JJ, Pucciarelli MG: Deletion of the membrane protein 
Lmo0412 increases the virulence of Listeria monocytogenes. Microbes 
Infect, 16 (8): 623-632, 2014. DOI: 10.1016/j.micinf.2014.07.002

3. Lourenco A, de Las Heras A, Scortti M, Vazquez-Boland J, Frank  
JF, Brito L: Comparison of Listeria monocytogenes exoproteomes from 
biofilm and planktonic state: Lmo2504, a protein associated with 
biofilms. Appl Environ Microbiol, 79 (19): 6075-6082, 2013. DOI: 10.1128/
AEM.01592-13

4. Guldimann C, Guariglia-Oropeza V, Harrand S, Kent D, Boor KJ, 
Wiedmann M: Stochastic and differential activation of sigma(B) and 
PrfA in Listeria monocytogenes at the single cell level under different 
environmental stress conditions. Front Microbiol, 8:348, 2017. DOI: 10.3389/ 
fmicb.2017.00348

5. Dorey A, Marinho C, Piveteau P, O’Byrne C: Role and regulation of 
the stress activated sigma factor sigma B (σB) in the saprophytic and host-
associated life stages of Listeria monocytogenes. Adv Appl Microbiol, 106, 
1-48, 2019. DOI: 10.1016/bs.aambs.2018.11.001

6. Chakravarty S, Masse E: RNA-dependent regulation of virulence in 
pathogenic bacteria. Front Cell Infect Microbiol, 9:337, 2019. DOI: 10.3389/
fcimb.2019.00337

7. Lebreton A, Cossart P: RNA and protein-mediated control of Listeria 
monocytogenes virulence gene expression. RNA Biol, 14 (5): 460-470, 2017. 
DOI: 10.1080/15476286.2016.1189069

8. Oliver HF, Orsi RH, Ponnala L, Keich U, Wang W, Sun Q, Cartinhour 
SW, Filiatrault MJ, Wiedmann M, Boor KJ: Deep RNA sequencing of L. 
monocytogenes reveals overlapping and extensive stationary phase and 
sigma B-dependent transcriptomes, including multiple highly  transcribed 
noncoding RNAs. BMC Genomics, 10:641, 2009. DOI: 10.1186/1471-2164-
10-641

9. Gagnon J, Lavoie M, Catala M, Malenfant F, Elela SA: Transcriptome 
wide annotation of eukaryotic RNase III reactivity and degradation signals. 
Plos Genet, 11 (2): e1005000, 2015. DOI: 10.1371/journal.pgen.1005000

10. MacRae IJ, Doudna JA: Ribonuclease revisited: structural insights 
into ribonuclease III family enzymes. Curr Opin Struct Biol, 17 (1): 138-145, 
2007. DOI: 10.1016/j.sbi.2006.12.002

11. Darfeuille F, Unoson C, Vogel J, Wagner EG: An antisense RNA 

Effects of RNase III rncS Gene ...

https://www.sciencedirect.com/science/article/abs/pii/S1438422114000046?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1286457914000896?via%3Dihub
https://aem.asm.org/content/79/19/6075
https://www.frontiersin.org/articles/10.3389/fmicb.2017.00348/full
https://www.sciencedirect.com/science/article/pii/S0065216418300546?via%3Dihub
https://www.frontiersin.org/articles/10.3389/fcimb.2019.00337/full
https://www.tandfonline.com/doi/full/10.1080/15476286.2016.1189069
https://bmcgenomics.biomedcentral.com/articles/10.1186/1471-2164-10-641
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1005000
https://www.sciencedirect.com/science/article/abs/pii/S0959440X06002120?via%3Dihub
https://www.cell.com/molecular-cell/fulltext/S1097-2765(07)00219-5?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1097276507002195%3Fshowall%3Dtrue


277

inhibits translation by competing with standby ribosomes. Mol Cell, 26 
(3): 381-392, 2007. DOI: 10.1016/j.molcel.2007.04.003

12. Wagner EGH, Altuvia S, Romby P: Antisense RNAs in bacteria and 
their genetic elements. Adv Genet, 46, 361-398, 2002. DOI: 10.1016/s0065-
2660(02)46013-0

13. Peng YL, Meng QL, Qiao J, Xie K, Chen C, Liu TL, Hu ZX, Ma Y, 
Cai XP, Chen CF: The Regulatory roles of ncRNA Rli60 in adaptability of 
Listeria monocytogenes to environmental stress and biofilm formation. 
Curr Microbiol, 73 (1): 77-83, 2016. DOI: 10.1007/s00284-016-1028-6

14. Peng YL, Meng QL, Qiao J, Xie K, Chen C, Liu TL, Hu ZX, Ma Y, Cai 
XP, Chen CF: The roles of noncoding RNA Rli60 in regulating the virulence 
of Listeria monocytogenes. J Microbiol Immunol Infect, 49 (4): 502-508, 
2016. DOI: 10.1016/j.jmii.2014.08.017

15. Kun X, Qingling M, Qiao J, Yelong P, Tianli L, Cheng C, Yu M, 
Zhengxiang H, Xuepeng C, Chuangfu C: Impact of rli87 gene deletion 
on response of Listeria monocytogenes to environmental stress. FEMS 
Microbiol Lett, 359 (1): 50-54, 2014. DOI: 10.1111/1574-6968.12561

16. Basineni SR, Madhugiri R, Kolmsee T, Hengge R, Klug G: The 
influence of Hfq and ribonucleases on the stability of the small non-
coding RNA OxyS and its target rpoS in E. coli is growth phase dependent. 
RNA Biol, 6 (5): 584-594, 2009. DOI: 10.4161/rna.6.5.10082

17. Caballero CJ, Menendez-Gil P, Catalan-Moreno A, Vergara-
Irigaray M, Garcia B, Segura V, Irurzun N, Villanueva M, de los Mozos 
IR, Solano C, Lasa I, Toledo-Arana A: The regulon of the RNA chaperone 
CspA and its auto-regulation in Staphylococcus aureus. Nucleic Acids Res, 
46 (3): 1345-1361, 2018. DOI: 10.1093/nar/gkx1284

18. Gordon GC, Cameron JC, Pfleger BF: Distinct and redundant 
functions of three homologs of RNase III in the cyanobacterium 
Synechococcus sp. strain PCC 7002. Nucleic Acids Res, 46 (4): 1984-1997, 
2018. DOI: 10.1093/nar/gky041

19. Kim KS, Manasherob R, Cohen SN: YmdB: A stress-responsive 
ribonuclease-binding regulator of E. coli RNase III activity. Genes Dev, 22, 
3497-3508, 2008. DOI: 10.1101/gad.1729508

20. Roy K, Chanfreau G: Stress-induced nuclear RNA degradation 
pathways regulate yeast bromodomain factor 2 to promote cell survival. 
Plos Genet, 10 (9): e1004661, 2014. DOI: 10.1371/journal.pgen.1004661

21. Sievers S, Lund A, Menendez-Gil P, Nielsen A, Mollerup MS, 
Nielsen SL, Larsson PB, Borch-Jensen J, Johansson J, Kallipolitis 
BH: The multicopy sRNA LhrC controls expression of the oligopeptide-
binding protein OppA in Listeria monocytogenes. RNA Biol, 12 (9): 985-997, 
2015. DOI: 10.1080/15476286.2015.1071011

22. Opdyke JA, Kang JG, Storz G: GadY, a small-RNA regulator of acid 
response genes in Escherichia coli. J Bacteriol, 186 (20): 6698-6705, 2004. 
DOI: 10.1128/JB.186.20.6698-6705.2004

23. Vanderpool CK, Gottesman S: Involvement of a novel transcriptional 
activator and small RNA in post-transcriptional regulation of the glucose 
phosphoenolpyruvate phosphotransferase system. Mol Microbiol, 54 (4): 
1076-1089, 2004. DOI: 10.1111/j.1365-2958.2004.04348.x

24. Valentin-Hansen P, Johansen J, Rasmussen AA: Small RNAs 
controlling outer membrane porins. Curr Opin Microbiol, 10 (2): 152-155, 
2007. DOI: 10.1016/j.mib.2007.03.001

25. Saramago M, Domingues S, Viegas SC, Arraiano CM: Biofilm 
formation and antibiotic resistance in Salmonella Typhimurium are affected 
by different ribonucleases. J Microbiol Biotechnol, 24 (1): 8-12, 2014. DOI: 
10.4014/jmb.1309.09046

26. Viegas SC, Mil-Homens D, Fialho AM, Arraiano CM: The virulence 
of Salmonella enterica Serovar Typhimurium in the insect model Galleria 
mellonella is impaired by mutations in RNase E and RNase III. Appl Environ 
Microbiol, 79 (19): 6124-6133, 2013. DOI: 10.1128/AEM.02044-13

27. Kim T, Lee J, Kim KS: Escherichia coli YmdB regulates biofilm formation 
independently of its role as an RNase III modulator. BMC Microbiol, 13:266, 
2013. DOI: 10.1186/1471-2180-13-266

28. Ruiz de los Mozos I, Vergara-Irigaray M, Segura V, Villanueva 
M, Bitarte N, Saramago M, Domingues S, Arraiano CM, Fechter 
P, Romby P, Valle J, Solano C, Lasa I, Toledo-Arana A: Base pairing 
interaction between 5’- and 3’-UTRs controls icaR mRNA translation in 
Staphylococcus aureus. Plos Genet, 9 (12): e1004001, 2013. DOI: 10.1371/
journal.pgen.1004001

29. Zhao X, Liu R, Tang H, Osei-Adjei G, Xu S, Zhang Y, Huang X: A 
3’ UTR-derived non-coding RNA RibS increases expression of cfa and 
promotes biofilm formation of Salmonella enterica serovar Typhi. Res 
Microbiol, 169 (6): 279-288, 2018. DOI: 10.1016/j.resmic.2018.04.007

30. Lemon KP, Freitag NE, Kolter R: The virulence regulator PrfA 
promotes biofilm formation by Listeria monocytogenes. J Bacteriol, 192 
(15): 3969-3976, 2010. DOI: 10.1128/JB.00179-10

31. Loh E, Dussurget O, Gripenland J, Vaitkevicius K, Tiensuu T, 
Mandin P, Repoila F, Buchrieser C, Cossart P, Johansson J: A trans-
acting riboswitch controls expression of the virulence regulator PrfA 
in Listeria monocytogenes. Cell, 139 (4): 770-779, 2009. DOI: 10.1016/j.
cell.2009.08.046

32. Rieu A, Weidmann S, Garmyn D, Piveteau P, Guzzo J: Agr system 
of Listeria monocytogenes EGD-e: Role in adherence and differential 
expression pattern. Appl Environ Microbiol, 73 (19): 6125-6133, 2007. DOI: 
10.1128/AEM.00608-07

33. Raengpradub S, Wiedmann M, Boor KJ: Comparative analysis of 
the σB-dependent stress responses in Listeria monocytogenes and Listeria 
innocua strains exposed to selected stress conditions. Appl Environ 
Microbiol, 74 (1): 158-171, 2008. DOI: 10.1128/AEM.00951-07

34. Nielsen JS, Olsen AS, Bonde M, Valentin-Hansen P, Kallipolitis 
BH: Identification of a σB -dependent small noncoding RNA in Listeria 
monocytogenes. J Bacteriol, 190 (18): 6264-6270, 2008. DOI: 10.1128/
JB.00740-08

35. Matos RG, Casinhas J, Barria C, dos Santos RF, Silva IJ, Arraiano 
CM: The Role of ribonucleases and sRNAs in the virulence of foodborne 
pathogens. Front Microbiol, 8:910, 2017. DOI: 10.3389/fmicb.2017.00910

36. Afonyushkin T, Vecerek B, Moll I, Blasi U, Kaberdin VR: Both RNase 
E and RNase III control the stability of sodB mRNA upon translational 
inhibition by the small regulatory RNA RyhB. Nucleic Acids Res, 33 (5): 
1678-1689, 2005. DOI: 10.1093/nar/gki313

37. Bonnin RA, Bouloc P: RNA degradation in Staphylococcus aureus: 
Diversity of ribonucleases and their impact. Int J Genomics, 2015:395753, 
2015. DOI: 10.1155/2015/395753

WANG, QIAO, MENG, QIAO, WU
GUO, WANG, LI, ZHANG, CAI

https://www.cell.com/molecular-cell/fulltext/S1097-2765(07)00219-5?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1097276507002195%3Fshowall%3Dtrue
https://www.sciencedirect.com/science/article/abs/pii/S0065266002460130?via%3Dihub
https://link.springer.com/article/10.1007%2Fs00284-016-1028-6
https://www.sciencedirect.com/science/article/pii/S1684118214001868?via%3Dihub
https://academic.oup.com/femsle/article/359/1/50/2684415
https://www.tandfonline.com/doi/abs/10.4161/rna.6.5.10082
https://academic.oup.com/nar/article/46/3/1345/4788342
https://academic.oup.com/nar/article/46/4/1984/4823213
http://genesdev.cshlp.org/content/22/24/3497
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1004661
https://www.tandfonline.com/doi/full/10.1080/15476286.2015.1071011
https://jb.asm.org/content/186/20/6698
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2958.2004.04348.x
https://www.sciencedirect.com/science/article/abs/pii/S1369527407000185?via%3Dihub
http://www.jmb.or.kr/journal/view.html?doi=10.4014/jmb.1309.09046
https://aem.asm.org/content/79/19/6124
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/1471-2180-13-266
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1004001
https://www.sciencedirect.com/science/article/pii/S0923250818300639?via%3Dihub
https://jb.asm.org/content/192/15/3969
https://www.cell.com/cell/fulltext/S0092-8674(09)01186-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0092867409011866%3Fshowall%3Dtrue
https://aem.asm.org/content/73/19/6125
https://aem.asm.org/content/74/1/158
https://jb.asm.org/content/190/18/6264
https://www.frontiersin.org/articles/10.3389/fmicb.2017.00910/full
https://academic.oup.com/nar/article/33/5/1678/2543626
https://www.hindawi.com/journals/ijg/2015/395753/


 



Hepatoprotective Activity of Silymarin in Combination with 
Clorsulon Against Fasciola hepatica in Naturally Infected Sheep

Mehrzad AFLATOUNI 1,a   Negar PANAHI 1,b  Pejman MORTAZAVI 2,c 
Bahar SHEMSHADI 2,d   Shapour KAKOOLAKI 3,e

1 Department of Veterinary Basic Sciences, Science and Research Branch, Islamic Azad University, Tehran, IRAN
2 Department of  Veterinary Pathobiology, Science and Research Branch, Islamic Azad University, Tehran, IRAN
3 Agricultural Research Education and Extension Organization (AREEO), Iranian Fisheries Science Research Institute  
  (IFSRI), Tehran, IRAN
a ORCID: 0000-0001-6035-5434; b ORCID: 0000-0003-2261-3388; c ORCID: 0000-0002-2795-5371; d ORCID: 0000-0001-8996-3062
e ORCID: 0000-0003-2108-6985

Article ID: KVFD-2019-22936    Received: 30.06.2019    Accepted: 07.11.2019   Published Online: 08.11.2019

How to Cite This Article

Aflatouni M, Panahi N, Mortazavi P, Shemshadi B, Kakoolaki S: Hepatoprotective activity of silymarin in combination with clorsulon against 
Fasciola hepatica in naturally infected sheep. Kafkas Univ Vet Fak Derg, 26 (2): 279-285, 2020. DOI: 10.9775/kvfd.2019.22936

Abstract
Fasciolosis is a parasitic infection with socioeconomic implications that causes essential health problems in animals throughout the world. 
The current study intended to evaluate the hepatoprotective activity of silymarin alone and in combination with clorsulon in sheep naturally 
infected with Fasciola hepatica. For this purpose, a total of 40 sheep (Sangsari breed) were divided into five groups as follows: 1) the healthy 
sheep without treatment (the negative control), 2) the infected sheep without treatment (the positive control), 3) the infected sheep treated 
with silymarin (280 mg orally from the day 1 to 14), 4) the infected sheep treated with clorsulon (7.5 mg/kg orally on the days 5, 10, and 
15), and 5) the infected sheep treated with silymarin + clorsulon. The assessed serum parameters included total bilirubin, total protein, 
albumin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), and gamma-glutamyl transferase 
(GGT). Additionally, histopathological changes in naturally F. hepatica-infected sheep and controls were investigated using light microscopy. 
Biochemical analysis showed significantly lower levels of AST, ALT, ALP, GGT, bilirubin, protein, and albumin in infected animals than in the 
healthy group (P<0.05). Silymarin plus clorsulon treatment showed a remarkable improvement in both biochemical and histopathological 
parameters (P<0.05). In conclusion, the results of the biochemical analysis were in line with the pathological findings showing that silymarin, 
in combination with clorsulon, was superior to each compound alone in terms of hepatoprotective activity.

Keywords: Fasciola hepatica, Sheep, Silymarin, Hepatoprotective, Biochemical parameters, Clorsulon

Fasciola hepatica İle Doğal Enfekte Koyunlarda Silymarinin Klorsulon İle 
Kombinasyonunun Hepatoprotektif Aktivitesi

Öz
Fasciolosis, tüm dünyada hayvanlarda temel sağlık sorunlarına neden olan ve sosyoekonomik etkilere sahip paraziter bir enfeksiyondur. Bu 
çalışma, Fasciola hepatica ile doğal olarak enfekte olmuş koyunlarda silymarinin tek başına ve klorsulon ile kombinasyon halinde kullanımının 
hepatoprotektif aktivitesini değerlendirmeyi amaçlamıştır. Bu amaçla toplam 40 koyun (Sangsari ırkı) beş gruba ayrıldı: 1) tedavi görmeyen 
sağlıklı koyunlar (negatif kontrol), 2) tedavi görmemiş enfekte koyunlar (pozitif kontrol), 3) silymarin ile tedavi edilen enfekte koyunlar 
(1. günden 14. güne kadar oral yoldan 280 mg), 4) klorsulon ile tedavi edilen enfekte koyunlar (5, 10 ve 15 günlerde ağızdan 7.5 mg/kg) 
ve 5) silymarin + klorsulon ile tedavi edilen enfekte koyunlar. Serum parametreleri olarak total bilirubin, toplam protein, albümin, alanin 
aminotransferaz (ALT), aspartat aminotransferaz (AST), alkalin fosfataz (ALP) ve gama-glutamil transferaz (GGT) incelendi. Bunun yanı sıra, 
doğal olarak F. hepatica ile enfekte ve kontrol grubundaki koyunlarda histopatolojik değişiklikler ışık mikroskobu kullanılarak incelendi. 
Analiz sonuçları, enfekte hayvanlarda AST, ALT, ALP, GGT, bilirubin, protein ve albümin düzeylerinin sağlıklı gruba göre anlamlı derecede 
düşük olduğunu gösterdi (P<0.05). Silymarin ve klorsulon kombinasyonu ile yapılan tedavide, hem biyokimyasal hem de histopatolojik 
parametrelerde kayda değer bir iyileşme gözlendi (P<0.05). Sonuç olarak, biyokimyasal analiz sonuçları, patolojik bulgularla uyumlu olarak, 
silimarinin klorsulon ile kombinasyonuyla yapılan tedavinin, hepatoprotektif aktivite açısından diğer tedavilerden daha üstün olduğunu 
gösterdi.

Anahtar sözcükler: Fasciola hepatica, Koyun, Silymarin, Hepatoprotektif, Biyokimyasal parametreler, Klorsulon

 İletişim (Correspondence)
 +98 912 2137206
 n.panahi@srbiau.ac.ir 

Kafkas Universitesi Veteriner Fakultesi Dergisi
ISSN: 1300-6045 e-ISSN: 1309-2251

Journal Home-Page: http://vetdergikafkas.org
Online Submission: http://submit.vetdergikafkas.org

Research Article
Kafkas Univ Vet Fak Derg
26 (2): 279-285, 2020
DOI: 10.9775/kvfd.2019.22936



280
Hepatoprotective Activity of Silymarin in ...

INTRODUCTION

Fasciolosis is a parasitic disease in domestic animals and 
humans mainly caused by a hepatic trematode parasite, 
F. hepatica. The parasite usually localized in the liver, gall- 
bladder, and bile ducts of the host [1]. This infection has 
particular implications as it reduces meat and milk 
production, quantity and quality of wool, and fertility. One of 
the most effective flukicide compounds among anthelmintic 
drugs is clorsulon that belongs to sulphonamides [1-3]. 
Based on fecal egg count or postmortem studies, clorsulon 
is mainly effective against mature flukes via subcutaneous 
injection or orally [4]. 

Although chemical compounds (clorsulon, triclabendazole, 
and albendazole) [5] can facilitate parasite control, traces of 
hepatic injuries or pathological sequelae of the parasite 
remain in the liver of the host, making such drugs an 
inappropriate choice for medical application [6,7]. The use of 
different compounds in combination is an excellent strategy 
to act against both parasite and its pathological sequelae. 
Due to its unique hepatoprotective, antioxidant, and anti-
inflammatory activities, silymarin is currently at the core 
of many biological innovations in clinical medicine. It is a 
mixture of phenylpropanoid and flavonoid derived from 
the extract of Silybum marianum (Milk thistle) [8]. The use of 
this plant in liver disease and the gastrointestinal problem 
describes in ancient medical books [9]. In folk medicine, in 
many countries, S. marianum (L.) is used for the treatment 
of gallbladder and liver disorders ( jaundice, cirrhosis,  
and hepatitis) [10] and protection against environmental 
and chemical liver poisoning [11]. Silymarin is widely used  
as a nutritional supplement or therapeutic agent in liver 
disease without serious side-effects in both animals and 
humans [12,13]. 

The current study designed to evaluate the hepatoprotective 
activity of silymarin alone and in combination with clorsulon 
in sheep infected with F. hepatica by measuring some 
hepatic biochemical parameters (aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), alkaline phosphatase 
(ALP), gamma-glutamyl transferase (GGT), total bilirubin, 
albumin, and total protein). Moreover, the hepato-
protective activity of the compounds was assessed using 
histopathological analysis.   

MATERIAL and METHODS

Drugs and Dosage

Aqueous suspension of silymarin (Livergol®; Goldaru, Iran) 
280 mg was given from day 1 to 14 [14] and clorsulon (Triveni 
Chemicals, India) 7.5 mg/kg/day administered orally on 
the days 5, 10, and 15.

Experimental Design

All experiments were directed in agreement with the 

Guide for the Care and Use of Laboratory Animals in 
Research, approved by the University.

Forty male and female Sangsari sheep, 3-5-year-old, 
weighing 30-55 kg, were assigned to five groups of eight 
sheep. Before starting the experiment, 100 sheep were 
inspected for the presence of F. hepatica based on the egg 
count of fecal samples [15]. The fecal samples were collected 
directly from the rectum and preserved in a plastic bottle 
containing a 10% formalin solution [16,17]. Thirty-two F. 
hepatica-infected sheep selected by the sedimentation 
technique allocated to four accidental groups. A healthy 
animal group was also used for better comparing the 
hepatoprotective effects of the compounds. Groups were 
designated as follows: group 1 (H), the healthy sheep 
without treatment (the negative control, n=8); group 2 (F), 
the infected sheep without treatment (the positive control, 
n=8); group 3 (F+S), the infected sheep with silymarin 
treatment (280 mg orally from the day 1 to 14, n=8); group 
4 (F+CL) ( the infected sheep with clorsulon treatment (7.5 
mg/kg orally on the days 5, 10, and 15, n=8); and group 5 
(F+S+CL), the infected sheep with clorsulon plus silymarin 
treatment (n = 8).

Blood Samples and Biochemical Analysis

Blood samples from the external jugular vein were collected 
on days 0, 7, 14, and 21 and kept at +4°C for further 
biochemical analysis. For serum separation, blood tubes 
centrifuged at 3000 rpm for 10 min. Due to the poor 
stability of enzymes and bilirubin in the serum, the 
samples analyzed within six h. Liver enzymatic activities 
of AST, GGT, ALP, and total bilirubin, and total protein 
measured according to standard procedures using a BT-
1500 automatic analyzer. 

Histopathological Analysis

Before the animals slaughtered, the transversal sections 
of all liver lobes were collected, fixed in buffered form-
aldehyde solution, embedded in paraffin, and sent to a 
histopathological laboratory. Five-micrometer sections 
were stained based on the hematoxylin-eosin (H & E) 
technique and examined under light microscopy. The levels 
of inflammation [18], bile duct hyperplasia, necrosis, and 
fibrosis were determined in 5 to 10 histological sections 
per animal, randomly chosen. Two blinded observers 
performed all evaluations. The score of lesions were 
distinguished as follows: Necrosis: 0, none; 1, focal necrosis 
less than 25%; 2, focal necrosis 25-50%; 3, zonal necrosis 
50-75%; 4, massive necrosis. Inflammation: 0, none; 1, focal 
inflammation less than 25%; 2, focal inflammation between 
25-50%; 3, zonal inflammation; 4, extensive inflammation. 
Fibrosis: 0, none; 1, periportal fibrosis; 2, portal expansion; 
3, septal development; 4, global septal fibrosis. Hyperplasia of 
the bile duct: 0, none; 1, mild hyperplasia less than 25%; 2, 
moderate hyperplasia 25-50% lesions; 3, severe hyperplasia 
between 50-75% lesions; 4, extensive hyperplasia [19]. 



281

AFLATOUNI, PANAHI, MORTAZAVI
SHEMSHADI, KAKOOLAKI

Statistical Analysis

Statistical comparisons and graphs performed with 
GraphPad Prism software using the one-way and two-way 
analysis of variance (ANOVA) tests. P-values of less than 
0.05 were measured statistically significant.

RESULTS

Biochemical Parameters

In the present study, the mean serum levels of ALT, ALP, 
AST, and GGT were significantly higher in the infected 
sheep groups than in the healthy group before treatment. 
The mean levels of ALT, ALP, AST, and GGT in F. hepatica-
infected sheep decreased following the administration of 

the combination treatment with silymarin and clorsulon 
after 21 days (Table 1). The hepatoprotective effect of 
silymarin was also remarkable on the level of these enzymes 
at different intervals, so that the mean levels of these 
enzymes decreased on the day 21 in the silymarin-treated 
group compared to the day 1 (P<0.05; Table 1). 

As shown in Table 1, the total protein and albumin levels 
were significantly lower in the infected groups than in 
the healthy group on day 1 of the study. Lower levels of 
total protein and albumin are also other indicators of liver 
disorder or injury. As shown in Table 1, the primary levels 
of these proteins were significantly lower in the control 
group than in the healthy group. Comparison of before 
and after treatment (the day 1, 7, 14, 21) by silymarin with/
without clorsulon significantly increased the total protein 

Table 1. Time variations of biochemical parameters in F. hepatica-infected sheep treated with Silymarin, Clorsulon, and their combination

Group
Time Interval 

(d)
Group 1 

(H)
Group 2 

(F)
Group 3 

(F+S)
Group 4 
(F+CL)

Group 5 
(F+S+CL)

Total bilirubin

1 0.13±0.04 a# 2.57±0.08 b# 2.61±0.21 b# 2.81±0.14 b# 2.87±0.10 b#

7 0.16±0.03 a# 2.57±0.086 b# 2.52±0.10 b#* 2.24±0.13 b# 2.11±0.15 b#

14 0.15±0.03 a# 2.89±0.1 b# 2.45±0.13 c* 1.88±0.21 c# 0.97±0.31 d*

21 0.15±0.02 a# 3.52±0.18 b# 2.34±0.01 c* 1.13±0.12 c* 0.18±0.07 a^

Albumin

1 6.52±1.01 a 4.6±0.7 b#* 4.8±0.3 b# 4.4±0.3 b#* 3.9±0.5 b#

7 6.25±1.05 a 4.5±0.4 bx 4.6±0.3 b# 4.7±0.3 b#* 4.6±0.5 b#*

14 6.25±0.9 a 3.6±0.5 b*x^ 4.3±0.2 bc# 5.2±0.7 ac#* 5.8±0.45 b*x

21 6.12±1.01 a 2.9±0.3 b#^ 3.9±0.2 c# 6.1±0.6 a 6.7±0.14 cx

Total protein

1 8.08±0.3 a 5.32±1.17 b# 5.2±0.8 b# 5.5±1.0 b# 5.5±0.5 b#

7 8.9±0.19 a 5.2±1.1 b# 5.1±0.6 b# 5.4±1.01 b# 6.17±0.3 b#*

14 8.0±0.3 a 4.9±0.8 b# 4.9±0.7 b# 6.75±1.6 a#* 7.4±0.7 a*

21 7.92±0.6 a 4.4±0.4 b 4.17±0.8 b 7.8±2.1 a* 9.1±1.2 a

AST

1 68±2.5 a# 177±0.6 b# 194±4.5 b#* 184±3.4 b# 176±3.1 b#

7 63±1.9 a# 185±1.6 b# 202±3.1 b# 158±2.7 b# 173±3.4 b#

14 67±2.4 a# 164±1.3 b# 159±2.7 b#* 158±3.1 b# 176±2.3 b#

21 61±2.3 d# 176±0.4 ac# 131±2.3 a* 192±2.1 c# 75±3.7 d*

ALT

1 49±3.3 a 60±3.4 a 51±4.3 a 59±3.1 a 69±4.2 a#

7 41±2.9 a 65±4.1 b 50±3.2 ab 56±4.1 b 58±3.1 a#

14 40±4.2 a 68±3.7 b 49±3.3 a 51±4.2 a 49±3.4 a#*

21 46±3.6 a 72±4.1 b 47±3.4 a 42±3.8 ac 37±2.9 c*

ALP

1 16±3.6 a# 324±12.1 b# 328±13.3 b# 361±13.9 b# 405±23.9 b#

7 16±3.6 a# 392±15.7 b# 323±11.4 b# 311±13.4 b# 321±17.8 b#

14 15±3.3 a# 408±14.5 b# 350±17.2 bc# 372±11.7 b# 273±13.2 c#

21 15±2.7 d# 528±13.6 a* 415±16.6 ab* 227±10.2 bc* 141.7±12.5 c*

GGT

1 2.75±0.5 a# 26.5±8.2 b# 26.2±9.03 b# 30±12.1 bc# 38.5±19.1 c#

7 2. 5±0.5 a# 30.5±11.8 b# 30.7±10.4 b# 26.2±11 b# 33.7±14.2 b#

14 2.25±0.5 a# 37.3±10.1 b#* 35±10.1 b# 21.7±9.8 bc# 19.25±5.1 c#*

21 2.25±0.5 c# 51.3±12.3 a* 43.75±3.07 a# 15.5±11.01 b# 10.75±2.2 b*

Data are expressed as mean ± standard error of the mean (SEM). Means with superscripts a, b, c, and d along a row differ significantly at P<0.05; Means 
with superscripts #, *, ^, and x along a column differ significantly at P<0.05. Group 1 (H), the healthy sheep without treatment; group 2 (F), the infected sheep 
without treatment; group 3 (F+S), the infected sheep with silymarin treatment (280 mg orally from the day 1 to 14); group 4 (F+CL) the infected sheep with 
clorsulon treatment (7.5 mg/kg orally on the days 5, 10, and 15); and group 5 (F+S+CL), the infected sheep with clorsulon plus silymarin treatment
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and albumin levels, which is a significant diff erence in the 
combination of these two drugs.

In the present study, the serum level of total bilirubin 
was remarkably higher in the infected groups than in 
the healthy group. The increased concentration of total 
bilirubin is another indicator of hepatic injury. While 
clorsulon showed a moderate eff ect on decreasing total 
bilirubin, treatment with a combination of silymarin and 
clorsulon resulted in a significant decrease in the serum 
level of total bilirubin at the end of the experiment (Table 
1). The total bilirubin level was also significantly lower in 
the group treated with silymarin alone than in the infected 
untreated group (P<0.01).

Eff ects of Silymarin, Clorsulon, and Their Combination 
on Histopathological Parameters

Liver histopathology disclosed more infl ammatory cell 
infiltration, fibrosis, necrosis, and bile duct hyperplasia in
F. hepatica-infected sheep on day one than in the healthy 
group (Fig. 1). As shown in Fig. 1A,B, the liver of group 1 (the 
healthy sheep with no treatment), had normal hepatocytes 
without any pathological lesions. 

Fig. 2 shows the eff ects of F. hepatica parasites on the liver 
of the control group (without any treatment). The parasite 
caused massive necrosis, fibrosis, hepatitis, bile duct 
hyperplasia, and high rate of immune cell infiltration into 

Table 2. The pathological findings of sheep liver in all the groups

Parameter
Group 1

(H)
Group 2

(F)
Group 3

(F+S)
Group 4
(F+CL)

Group 5
(F+S+CL)

Necrosis 0 3.375±0.51 B 3.5±0.53 B 2.125±0.35 B 0.875±0.35 AC

Inflammation 0 3.5±0.53 B 3.25±0.46 B 2.375±0.51 C 0.87±0.35 AC

Fibrosis 0 3.37±0.51 B 3.25±0.46 B 2.25±0.43C 0.75±0.46 AC

Bile duct hyperplasia 0 3.5±0.53 B 3.75±0.46 B 2.25±0.46 C 0.75±0.46 AC

Total lesion 0 13.75±1.28 13.75±0.7 9±0.75 3.25±0.1
A P<0.05 compared with the healthy group; B P<0.0001 compared with the healthy group; C P<0.0001 compared with the F. hepatica infected group.
F and P-value for within and between factors are as follows: Row factor, F (3, 140) = 1.018, P = 0.3867. Column factor, F (4, 140) = 381.2, P<0.0001. Data are 
expressed as mean + SEM. Group 1 (H), the healthy sheep without treatment; group 2 (F), the infected sheep without treatment; group 3 (F+S), the infected 
sheep with silymarin treatment (280 mg orally from the day 1 to 14); group 4 (F+CL) the infected sheep with clorsulon treatment (7.5 mg/kg orally on the days 
5, 10, and 15); and group 5 (F+S+CL), the infected sheep with clorsulon plus silymarin treatment. Lesion score: Necrosis: 0, none; 1, focal necrosis less than 
25%; 2, focal necrosis between 25-50%; 3, zonal necrosis between 50-75%; 4, massive necrosis. Infl ammation: 0, none; 1, focal infl ammation less than 25%; 2, 
focal infl ammation between 25-50%; 3, zonal infl ammation; 4, extensive infl ammation. Fibrosis: 0, none; 1, periportal fibrosis; 2, portal expansion; 3, septal 
development; 4, global septal fibrosis. Hyperplasia of the bile duct: 0, none; 1, mild hyperplasia less than 25%; 2, moderate hyperplasia between 25-50% 
lesions; 3, severe hyperplasia between 50-75%; 4, extensive hyperplasia

Fig 1. Liver tissue samples of sheep 
in the group 1 (the healthy group) 
show no pathological changes. 
Arrowheads point to A, central vein 
(H&E, 40X) and B, healthy hepato-
cytes (H&E, 400X)

Fig 2. Liver tissue samples of sheep 
in the group 2 (no treatment) show 
pathological changes. Arrowheads
point to immune cell infiltration, 
and arrow indicates fibrosis and bile 
duct hyperplasia (A, 400X &B, 100X)
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the liver of the infected sheep (Table 2, P<0.0001).

The therapeutic eff ects of silymarin and clorsulon on the 
liver of F. hepatica-infected sheep showed in Fig. 3 and 
Fig. 4, respectively. Although the bile duct hyperplasia 
reduced slightly in clorsulon-treated sheep (Table 2),
there were no significant changes in histopathological 
parameters following treatment with silymarin (group 3) 
or clorsulon alone (group 4) compared with the control 
group. The high rates of necrosis, fibrosis, hepatitis, and 
immune cell infiltration were still significant in these 
groups even after 21 days of treatment (Table 2). The 
results indicated the hepatoprotective activity of silymarin 
when used in combination with clorsulon. In group 5 
(clorsulon+silymarin treatment), the histopathological 
changes were considerable, as Fig. 5 shows mild fibrosis, 
mild hepatitis (Fig. 5A), mild bile duct hyperplasia, and less 
immune cell infiltration (Fig. 5B) after 21 days of combination 
treatment. Table 2 shows the histopathological findings of 
the liver in all groups. As can be seen, all the pathological 

parameters were significantly lower in sheep treated with 
the combination of silymarin and clorsulon than in other 
infected groups after 21 days (P<0.0001).

DISCUSSION

Many studies have been investigated to find a suitable 
drug to reduce the hepatotoxicity eff ects of antiparasitic 
drugs in parasitic diseases such as fasciolosis. F. hepatica
migration to the liver causes damage to the hepatic 
cell wall and leads to hepatic tissue necrosis and Biliary 
obstruction [20]. These eff ects cause changes in hepatic 
biochemical serum parameters. It showed that some 
hepatic biochemical parameters such as AST, ALT, and GGT 
are the reliable indicators of fascioliasis in sheep and could 
be used to determine the eff ectiveness of anthelmintic 
therapy in infected animals [1,16,21,22]. It also indicated that 
partial recovery of the liver following some treatments 
is associated with lower activities of these enzymes in 
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Fig 3. Liver tissue samples of sheep 
in the group 3 (Silymarin treatment: 
280 mg/day) show pathological 
changes. Arrowheads point to the 
sites of fibrosis, hyperplasia, and 
infl ammation (A, 100X & B, 400X)

Fig 4. Liver tissue samples of sheep 
in the group 4 (clorsulon treatment: 
7.5 mg/kg/day) show pathological 
changes. Arrows point to the sites of 
fi brosis and hyperplasia, and arrow-
heads show infl ammation (A, 100X 
&B, 400X)

Fig 5. H&E stained liver tissue 
samples of sheep in the group 5 
(clorsulon + silymarin treatment) 
show pathological changes. Arrow-
heads point to the sites of fi brosis, 
hyperplasia, and infl ammation; (A, 
40X & B, 100X) 
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F. hepatica-infected sheep [21]. Although chemotherapy 
eliminates F. hepatica parasites significantly, less effective 
drugs may relieve the hepatic injuries and fibrosis due to 
parasites migration. Therefore, treatment targeting hepatic 
injuries caused by F. hepatica needs more investigations.  
Determination of plasma liver enzyme levels is a valuable 
method for assessing the efficacy of treatment in sheep 
infected with F. hepatica [1]. Lower serum levels of ALT, 
glutamic-oxaloacetic transaminase (GOT), and GGT are 
considered normal in the blood of sheep, while the higher 
serum activities of ALT, ALP, AST, and GGT in the infected 
animals are mainly the consequence of hepatic lesion and 
cholestasis [1]. 

In the current study, we evaluated the hepatoprotective 
activity of silymarin alone and in combination with clorsulon 
against F. hepatica in naturally infected sheep at different 
intervals for the first time. The observed elevation of 
serum transaminases (AST and ALT) and GGT in the 
infected animals before treatment could be related to 
the degenerative changes and hepatocellular necrosis 
produced by the migration of flukes through the liver 
parenchyma [23]. It has also been reported that the 
increased level of AST and GGT could be an indicator of 
chronic fascioliasis and liver cell damage [21,24,25] while using 
a hepatoprotective agent like silymarin could reduce the 
serum levels of AST and ALT [26]. Besides, the GGT level 
reduction after treatment could be the consequence of 
partial recovery of the liver [21]. 

In the present study, the serum levels of GGT, AST, and 
ALT decreased significantly following treatment with 
a combination of silymarin and clorsulon at the end of 
the treatment course (day 21). The reduction of these 
enzymes between the days 14 and 21 (Table 1) could be 
attributed to eliminating the parasite and preventing liver 
damage through maintaining the integrity of the plasma 
membrane, thereby suppressing the leakage of enzymes. 
In the present study, the histopathological findings also 
confirmed the biochemical results in which the liver 
damage improved after combination treatment (Fig. 5). 
Another liver enzyme, ALP, also had a higher level in the 
infected groups than in healthy animals at the beginning 
of the study. The role of ALP is to transport metabolites 
across cell membranes. One of the most common reasons 
for hepatic disease is the pathological elevation of ALP 
levels [27]. Although the combination treatment with 
silymarin and clorsulon resulted in a significant reduction 
of this enzyme (Table 1), it did not reach the baseline level 
at the end of the study, confirming that its level usually 
decreases slowly after resolution and thus, it needs more 
treatment time [27]. Another reason for the increase in this 
enzyme in group 4 is due to the hepatotoxicity effect of 
sulphonamide drugs [28] and the sulphonamide structure 
of clorsulon [3], which was reduced by the administration of 
silymarin and removal of the parasite in group 5. 

Moreover, the decreases in serum total protein and 

albumin in animals infected with F. hepatica are observed 
previously [29]. Hypoalbuminemia causes by liver damage 
in acute and chronic fascioliasis and can cause biliary 
obstruction, cholangitis, anemia, destruction of liver 
tissue, and fibrosis [30]. Clorsulon and its combination 
with silymarin were effective to some extent, even at the 
beginning of the treatment. The increased levels of total 
protein and albumin at the end of treatment (day 21) by 
silymarin with/without clorsulon could be related to the 
hepatoprotective and anthelmintic activities of silymarin 
and clorsulon, respectively. The considerable increase in 
the total protein and albumin levels occurred at the end 
of the treatment by the combination therapy suggesting 
improved liver damage and less bile duct hyperplasia and 
fibrosis (Fig. 5).

Furthermore, the biochemical analysis showed that total 
bilirubin was significantly higher (P<0.05) in the infected 
sheep than in the healthy group. This elevation may 
be attributed to the increased production of bilirubin 
because of hemolytic toxins produced by F. hepatica in the 
liver [23]. Since the combination treatment could affect the 
parasites’ death and liver parenchyma at the same time, the 
lower levels of total bilirubin detected on day 21 (P<0.05). 
The improvement initiated on day seven and reached the 
average level similar to that of the healthy group on day 21 
(Table 1). All the results of the biochemical analysis were 
consistent with pathological findings (Table 2). 

The pathological results showed no significant changes 
following treatment with silymarin or clorsulon alone (Fig. 
1, 2, 3, 4), while the decrease in immune cells infiltration, 
bile duct hyperplasia, and fibrosis were considerable 
following the combination therapy (Fig. 5). Silymarin and 
clorsulon alone were effective to some extent and reduced 
some of the biochemical parameters tested, but their 
combination was superior to each agent alone in terms of 
the histopathology of the damaged liver. Administration 
of silymarin, in addition to clorsulon, showed complete 
elimination of parasites. No visible eggs (data not shown) 
and healing of hepatic lesion injuries demonstrated that 
the use of silymarin along with clorsulon did not affect or 
interfere with the anthelmintic activity of clorsulon. The 
histopathological results of the present study confirmed 
biochemical findings of the current research, and 
measuring the studied parameters was useful to evaluate 
the effectiveness of hepatoprotective and anthelmintic 
agents.

The study, to the best of authors’ knowledge, is the first 
report showing the hepatoprotective and anthelmintic 
efficacy of a combination of clorsulon and silymarin against 
F. hepatica in naturally infected sheep (Sangsari breed). 
Silymarin showed significant hepatoprotective activity 
when used in combination with clorsulon rather than 
alone administration. The study results also confirmed that 
serum levels of AST, ALT, ALP, GGT, albumin, protein, and 
bilirubin (total) are reliable indicators of sheep fasciolosis 
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and could be used to test the hepatoprotective effect of 
anthelmintic and hepatoprotective agents. 
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Abstract
The purpose of this study is to investigate the effects of different concentrations of Rhododendron honey (RH) on mouse cardiac muscle lipids 
by Attenuated Total Reflection Fourier Transform Infrared (ATR-FTIR) spectroscopy at molecular level. For this purpose, a total of eighteen 
male Mus musculus mice were divided into three groups of six animals each, one being the control group and the others being the 25 and 50 
mg/kg of RH-treated groups. RH was given via gavage and the cardiac muscles of these mice were investigated 24 h after the administration. 
The results revealed that 25 mg/kg of RH did not cause any significant effect except lipid peroxidation. However, 50 mg/kg RH caused 
increases in the amounts of saturated and unsaturated lipids, in the ratios of lipid/protein and CH2/CH3 and a decrease in the CH3/lipid which 
all indicate a change in the lipid metabolism of the tissue. Moreover, the treatment with 50 mg/kg of RH caused lipid peroxidation, a decrease 
in lipid order and an increase in membrane dynamic. These results revealed that RH causes significant toxic effects on cardiac muscle tissue 
lipids and these effects are dose-dependent.

Keywords: Rhododendron honey, Mad honey, ATR-FTIR spectroscopy, Heart, Cardiac muscle, Lipid

Ormangülü Balı’nın Fare Kalp Kas Dokusu Lipitleri Üzerindeki Toksik 
Etkilerinin Moleküler Düzeyde İncelenmesi

Öz
Bu çalışmanın amacı, farklı konsantrasyonlardaki ormangülü balının (OB) fare kalp kası lipitleri üzerindeki etkilerinin Azaltılmış Toplam 
Yansıma-Fourier Dönüşüm Kızılötesi (ATR-FTIR) spektroskopisi ile moleküler düzeyde incelenmesidir. Bu amaç doğrultusunda, toplam on 
sekiz adet Mus musculus erkek fare, her biri altı hayvan içeren, birisi kontrol ve diğerleri 25 ve 50 mg/kg OB uygulanmış gruplar olmak üzere 
üç gruba ayrıldı. OB gavaj yoluyla verildi ve bu farelerin kalp kasları uygulamadan 24 saat sonra incelendi. Sonuçlar 25 mg/kg OB’nin kalp 
kası lipitleri üzerinde lipit peroksidasyonu dışında herhangi anlamlı bir değişikliğe sebep olmadığını ortaya çıkarmıştır. Ancak 50 mg/kg 
OB doymuş ve doymamış lipitlerin miktarlarında, lipit/protein oranında ve CH2/CH3 oranında artışa ve CH3/lipit oranında azalmaya sebep 
olmuştur. Tüm bunlar dokunun lipit metabolizmasında bir değişiklik olduğunu göstermektedir. Ayrıca 50 mg/kg OB lipit peroksidasyonuna, 
lipit düzeninde bir azalmaya ve membran düzeninde bir artışa sebep olmuştur.  Bu sonuçlar, OB’nin kalp kası lipitleri üzerinde önemli toksik 
etkiler meydana getirdiğini ve bu etkilerin doza bağlı olduğunu ortaya çıkarmıştır.

Anahtar sözcükler: Ormangülü balı, Deli bal, ATR-FTIR spektroskopisi, Kalp, Kalp kası, Lipit

INTRODUCTION
Rhododendron honey (RH), also known as mad honey, is 
obtained from plants belonging to the genus Rhododendron 
in the Ericaceae family. The rhododendrons growing 

extensively in the Black Sea region of Turkey show also 
distribution in China, Tibet, Nepal, Tropical Asia, Europe 
and North America [1]. RH causes poisoning in humans and 
animals due to the toxic compound grayanotoxin (GTX) 
found in some species of the Rhodendron genus. However, 
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in different regions of the world, this honey is widely used 
in the treatment of various disorders such as hypertension, 
gastrointestinal complaints, sexual dysfunction toothache, 
colds, etc.[2].

The effect of GTX is predominantly on the voltage-dependent 
sodium channel. It binds to the sodium channel in the 
open position and the sodium channel becomes incapable 
of closing. As a result, action potential enters a prolonged 
period of hyperpolarization process [3,4]. Through this action 
mechanism, GTX affects the heart directly and causes a 
wide range of systemic effects including hypotension, 
arrhythmia, nausea and a reduction in spontaneous motion 
by affecting the central nervous system [1]. Most of the 
published studies on RH have presented case reports either 
on patient complaints after eating the honey or cases of 
patients treated at emergency services [3]. In clinical studies 
examining the effects of RH on the cardiac system, it has 
been reported that hypotension and bradycardia were 
seen in more than 90% of the patients [5]. 

In the literature, experimental studies on the effects 
of RH on the cardiac system are extremely limited in 
number, compared to the clinical trials on the subject. 
For example, Onat et al.[6] observed obesity-related hypo- 
tension, bradycardia and respiratory rate depression in  
RH-treated mice. In another study, blood pressure and 
heart rate were measured in rats with experimental hyper- 
tension and it was reported that RH reduced the blood 
pressure and heart rate in the hypertensive rats [7]. Zushi 
et al.[8] have reported that the effect of GTX on the neuro- 
muscular junction was achieved by increased permeability 
of the membrane to sodium. In a recent experimental 
study investigating the dose-related cardiovascular effects 
of GTX-III, it was reported that it could be lethal at high 
doses due to cardiac arrest [5].

Fourier transform infrared (FTIR) spectroscopy is a high-tech 
tool that gathers valuable information about biological 
tissues and membranes by measuring the vibrations of 
molecules [9]. By using the attenuated total reflection (ATR) 
unit in FTIR spectroscopy, it is possible to detect spectral 
changes in biological tissues faster and more accurately, 
regardless of sample thickness [10]. The ATR-FTIR spectro-
scopy is a unique technique that enables the detection of 
absorption bands of lipids, proteins, carbohydrates and 
nucleic acids in biological systems in a single spectrum 
and at the same time, monitoring these molecules without 
using any labeling technique [10]. The main advantage of 
this technique is that the samples can be investigated 
without any preparation processes by placing them directly 
on the ATR crystals.

Recent studies have revealed the importance of intra-
cellular myocardial and pericardial lipid deposits, showing 
that even the smallest changes in these fat deposits 
cause significant changes in cardiac performance [11]. It is 
known that RH leads to cardiac side effects and functional 

disorders; however, there is no study reporting the effects 
of RH on the structure and function of lipids in the cardiac 
muscle. The ability of a tissue to function properly is 
related to its structure and ATR-FTIR spectroscopy gives 
information about the structure of the tissue at molecular 
level. In this study, we aimed to reveal the molecular effects 
of two different doses of RH on the composition, structure 
and function of the cardiac muscle lipids by using ATR-FTIR 
spectroscopy. To the best of our knowledge, this is the first 
study to investigate the effects of RH on cardiac muscle 
lipids at the molecular level.

MATERIAL and METHODS
The RH that we used in our study was obtained from Düzce 
beekeepers. As a result of the palynological analysis, the 
honey sample was confirmed to dominantly (≥45%) consist 
of the Rhododendron ponticum pollen [12]. 

The amount of GTX-I and GTX-III in the RH used in this study 
was detected by liquid chromatography-mass/mass spectro- 
metry (LC-MS/MS) using the method developed by Kaplan 
et al.[13]. The limit of detection and the limit of quantification 
values of the validated analysis method were 0.0033 mg/
kg and 0.01 mg/kg, respectively. The GTX-I and GTX-III 
amounts of the samples were found to be 32 and 8 μg/g, 
respectively, which were higher than the average values 
reported previously [13] and in parallel with the amounts of 
toxic substances in RH used in other studies [14-16].

All experimental procedures were approved by the Abant 
İzzet Baysal University Medical Faculty Experimental Animals 
Ethics Committee (2015/42). 18 male Mus musculus mice 
(20-25 g), 8-12 weeks old, were used. The animals were 
housed in a 12 h light - 12 h dark cycle at a constant 
room temperature (22±2°C) and fed with mouse food 
and water. The mice were divided into three groups: the 
control group (n=6), the 25 mg/kg RH-treated group (n=6) 
and the 50 mg/kg RH-treated group (n=6). The different 
concentrations of RH were prepared by dissolving in 
water and they were administered via gavage to the 
animals in 0.01 mL per gram body weight ratio. 24 h after 
administration, the animals were decapitated and their 
heart tissues were removed and stored at -80°C for latter 
ATR-FTIR spectroscopy experimentation.

The mouse cardiac muscle spectra were collected with 
a Spectrum Two FTIR spectrometer equipped with an 
ATR accessory (Perkin-Elmer Ltd., UK). 0.5 × 0.5 × 0.1 cm 
sized sections were cut from the myocardial layer of the 
heart for the ATR-FTIR studies and placed directly on the 
diamond/zinc-selenide crystals of the ATR unit. For each 
sample, spectra were obtained at 4 cm-1 resolution and 
100 force gauge with 64 scans between the 4000-900 
cm-1 wavenumbers. The analyses of spectral bands were 
performed using Perkin Elmer software programme. 
Bandwidth and band wavenumber values were calculated 
at 75% of the band height [9,10]. 
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For quantitative comparison between control and treated 
samples, the areas under the lipid bands and the area ratios 
of some specific infrared bands were calculated. To examine 
the level of the lipid peroxidation of the system, the area 
under the olefinic=CH band and the unsaturated/saturated 
lipid ratio (the area of the olefinic=CH stretching band/the 
sum of the areas of the saturated lipid bands), which are the 
parameters used as an index for the determination of lipid 
peroxidation in FTIR studies, were used [9,17]. To find out the 
changes in the amount of saturated lipids, the areas under 
the CH3 antisymmetric (antisym) stretching, CH2 antisym 
stretching and CH2 symmetric (sym) stretching bands and 
the ratio of CH2 sym/CH2 sym + CH2 antisym stretching 
vibrations were evaluated [9,18,19]. To have information 
about the amount of triglycerides and cholesterol in the 
system, the area under the C=O ester stretching band 
was analyzed [20]. To determine the changes in the chain 
length of the membrane phospholipids, the CH2/CH3 ratio 
(the area of the CH2 antisym stretching/the area of the CH3

antisym stretching) [21] and in the methyl concentration, 
CH3/lipid (the area of the CH3 antisym stretching band/
the sum of the areas of saturated lipid bands) ratio [20] were 
calculated. To compare the relative changes in lipid and 
protein concentrations in the system, the area ratios of the 
sum of the saturated lipid bands (CH3 antisym, CH2 antisym 
and CH2 sym stretching bands) and proteins (Amide II 
band) were obtained [21]. To have information about 
membrane order and membrane fl uidity, the wavenumber 
and bandwidth of the CH2 antisym stretching band were 
analyzed, respectively [9].

Power analysis was performed to estimate the test power 
considering the sample size of each experimental group 
(n=6) for a power of 80% to achieve significant statistical 
diff erences at the 5% significance level and the calculated 
eff ect size value was 1.55. Mann-Whitney U test, which is 
a non-parametric test used to compare two independent 
groups that do not require large normally distributed 
samples, was performed to test the significance of the 
diff erences between the control and RH-treated groups 
two by two; that is, between the control and 25 mg/kg RH-
treated groups and the control and 50 mg/kg RH-treated 

groups. The P values less than 0.05 were considered 
statistically significant. 

RESULTS
 Fig. 1 shows the ATR-FTIR spectrum of a control mouse 
cardiac muscle in the wavenumber range of 4000-900 cm-1.
The main bands on the figure are numbered and their 
definitions are given in Table 1 according to the literature. 

The cardiac muscle spectrum shown in Fig. 1 can be 
examined in three diff erent regions: The large band located 
at 3700-3030 cm-1 (band No. 1) mainly receives signals 
from the N-H groups of proteins with the little contribution 
from O-H stretching of polysaccharides, carbohydrates 
and water [20]. The 3025-2800 cm-1 region (band No’s. 2-6) 
is called the C-H stretching region and generally provides 
information about lipids [18]. The 1800-800 cm-1 region 
(band No’s. 7-17), which is called the fingerprint region, 
receives signals mostly from proteins and nucleic acids 
and in small quantities from lipids and carbohydrates [22]. In 
this study, since we aimed to collect information about the 
eff ects of diff erent concentrations of RH on cardiac muscle 
lipids, the detailed analyses were performed mainly in the 
region of 3025-2800 cm-1. Fig. 2 shows the average ATR-
FTIR spectra in the 3025-2800 cm-1 region of the cardiac 
muscle of control and 25 and 50 mg/kg RH-treated mice. 

To obtain information about the changes in the concentra-
tions of lipid molecules after RH treatment, analyses of 
the areas under the lipid bands in the FTIR spectra were 
performed [18]. The changes in the band area values of the 
major functional groups are given in Table 2. As seen in 
Table 2, the area under the olefinic=CH stretching  band 
(band No. 2) increased significantly in the 50 mg/kg RH-
treated group indicating an increase in the amount of 
unsaturated lipids. As also seen in Fig. 2 and Table 2, the 
region under the saturated lipid bands (band No’s. 3, 4, 
6) increased significantly in the 50 mg/kg RH group. This 
result suggested that the 50 mg/kg RH administration 
caused an increase in the amount of saturated lipid in 
the cardiac muscle. The result derived from the analysis 
of the lipid bands in the C-H region was supported by the 

Fig 1. ATR-FTIR spectrum of control mouse cardiac muscle in 
the 4000-900 cm-1 wavenumber region
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increase in the value of the C=O ester stretching band 
located at 1738 cm-1 (band No. 7). As shown in Table 2, a 
significant increase was observed in the area value of this 
band in the 50 mg/kg RH-treated group. 

In order to evaluate the eff ects of RH on the structure and 
composition of the cardiac muscle lipids, the area ratios of 
some specific lipid functional groups were also evaluated [21].
The band area ratios calculated for this purpose are given 
in Table 3. As shown in Table 3, the ratio of CH2 sym/CH2 sym 
+ CH2 antisym stretching vibrations increased significantly 
in the 50 mg/kg RH-treated group. This increase confirmed 
the increase in the amount of saturated lipids in the system 

obtained from the analysis of the lipid band areas. The 
unsaturated/saturated lipid ratio and the CH2/CH3 ratio 
increased significantly in 50 mg/kg RH-treated groups 
compared to the control group. A significant decrease in
CH3/lipid ratio suggested a decrease in the amount of 
methyl groups in the 50 mg/kg RH-treated group. The 
lipid/protein ratio increased significantly in the 50 mg/kg 
RH-treated group. 

The changes in the wavenumber and bandwidth values of 
the CH2 antisym stretching band are given in Table 3. As 
seen from this table, the wavenumbers of the CH2 antisym 
stretching band shifted towards higher values in the 50 
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Table 1. General band assignment of ATR-FTIR spectrum of cardiac muscle tissue based on literature [18,20,22]

Band No Wavenumber (cm-1) Definition of the Assignment

1 3283 Amide A: Mainly N-H stretching of hydrogen-bonded amide groups of proteins with the little contribution from 
O-H stretching of polysaccharides, carbohdrates and water 

2 3011 Olefinic=CH stretching: Unsaturated lipids 

3 2959 CH3 antisymmetric stretching: Mainly lipids with little contribution from proteins, carbohydrates and nucleic acids 

4 2924 CH2 antisymmetric stretching: Mainly lipids with little contribution from proteins, carbohydrates and nucleic acids 

5 2874 CH3 symmetric stretching: Mainly proteins with little contribution from lipids, carbohydrates and nucleic acids 

6 2855 CH2 symmetric stretching: Mainly lipids with little contribution from proteins, carbohydrates and nucleic acids 

7 1738 C=O (carbonyl) ester stretching: Ester functional groups in phospholipids, triglycerides and cholesterol esters 

8 1641 Amide I: C=O stretching in proteins (80%) 

9 1545 Amide II: Proteins (60% N-H bending, 40% C-N stretching) 

10 1454 CH2 bending: Mainly lipids with little contribution from proteins 

11 1396 COO-  symmetric stretching: Fatty acids and amino acid side groups 

12 1302 Amide III: Proteins (40%C-N stretching, 30% N-H bending, 20% C-C stretching) 

13 1238 PO-
2 antisymmetric stretching: Mainly nucleic acids with some contribution from phospholipids 

14 1172 CO-O-C antisymmetric stretching: Phospholipids, cholesteryl ester and nucleic acids 

15 1080 PO-
2 symmetric stretching: Nucleic acids and phospholipids;

C-O stretching: glycogen, polysaccarides and glycolipids 

16 972 C-N+-C stretching: Nucleic acids, ribose-phosphate main chain vibrations of RNA 

17 931 z-type DNA 

Fig 2. Average infrared spectra in the 3025-2800 cm-1 spectral 
region of cardiac muscle of control, 25 mg/kg and 50 mg/kg 
RH-treated mice (The spectra were normalized with regard to 
the amide I band)
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mg/kg RH group compared to the control group. As seen 
from the same table, the bandwidth of this band increased 
significantly in the 50 mg/kg RH-treated group. 

DISCUSSION
It has been reported that consuming more than 50 mg/kg 
(approximately 1 teaspoon for humans) of RH may cause 
serious poisoning [23], with symptoms appearing within 
20 min to 3 h and  lasting for 1-2 days [24]. For this reason, 
in this study, doses of 50 mg/kg, which is accepted as the 
toxic dose limit, and 25 mg/kg, which is ½ of the toxic dose, 
were selected for administration to the animals. Doses 
similar to those used in this study have also been used in 
previous studies [7,25,26].

Since unsaturated fatty acids are highly sensitive to lipid 
peroxidation, the area under the olefinic=CH band and 
the unsaturated/saturated lipid ratio in FTIR spectroscopy 
studies are used as an index for the determination of lipid 
peroxidation [9,17]. In this study, significant increases were 
observed in the olefinic=CH band area in the 50 mg/kg 
RH-treated group and unsaturated/saturated lipid ratio 
in the 25 and 50 mg/kg RH-treated groups. This increase 
may have been due to an increase in lipid peroxidation 
end products in the cardiac tissue as a result of an elevated 
level of lipid peroxidation in the cardiac muscle of the 50 
mg/kg RH-treated group [21]. It has been known that lipid 
peroxidation occurs in the double bonds in the acyl chains 
of polyunsaturated fatty acids [27] and it results in the loss 

of olefinic bonds [28]. However, according to the results of 
our experiments, instead of a decrease, an increase was 
observed in the olefinic groups. This result indicated that 
the amount of unsaturated fatty acid lost during lipid 
peroxidation reactions was compensated by the double 
bonds present in the lipid peroxidation end products, as 
reported in some previous FTIR spectroscopy studies [17,21]. 
In addition, in the present study, it was determined that the 
area under the C=O ester stretching band increased in the 
spectrum of the 50 mg/kg RH-treated group. Since there 
are abundant C=O (carbonyl) groups in lipid peroxidation 
end products, such as malondialdehyde (MDA), an increase 
in the area value of this band also indicates an increase in 
lipid peroxidation end products in the system [29]. 

It has been known that a large part of the heart energy 
requirement is provided by the oxidation of free fatty 
acids and fatty acids are extremely sensitive to the harmful 
effects of free radicals [11]. Under normal conditions, free 
radicals resulting from oxidative stress are produced in 
small amounts in all body cells. However, these radicals are 
inactivated by antioxidant enzymes and thus prevented from 
attacking other molecules in the cell [30]. If the production 
of free radicals increases rapidly for any reason, the 
mechanism of inactivation cannot compensate and these 
radicals react with other molecules in the cell and disrupt 
their structure. For example, the hydroxyl radical, one of 
the oxidative stress-producing free radicals, reacts with 
long chain fatty acids and causes lipid peroxidation [30]. As 
mentioned above, GTX increases the sodium permeability 
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Table 3. Changes in the band area ratio, wavenumber and bandwidth values of various functional groups of the ATR-FTIR spectra of the cardiac 
muscle of control, 25 mg/kg and 50 mg/kg RH-treated mice

Functional Group Control 25 mg/kg RH P Valuea 50 mg/kg RH P Valueb

Band Area Ratio

CH2 sym/CH2 sym + CH2 antisym 0.132±0.002 0.134±0.004 0.574 0.137±0.003 0.045*

Unsaturated/Saturated lipid 0.019±0.0008 0.021±0.001 0.030* 0.022±0.001 0.024*

CH2/CH3 1.876±0.030 1.904±0.05 0.298 1.939±0.040 0.008**

CH3/Lipid 0.312±0.003 0.310±0.006 0.688 0.308±0.002 0.013*

Lipid/Protein 0.105±0.003 0.108±0.008 0.872 0.113±0.004 0.030*

Wavenumber CH2 antisym. str. 2927.613±0.198 2927.751±0.393 0.521 2927.851±0.076 0.045*

Bandwidth CH2 antisym. str. 11.355±0.142 11.380±0.136 0.872 11.525±0.094 0.045*

Values are given as “mean ± standard deviation” for each group. Degree of significance was denoted as * P<0.05, ** P<0.01. P valuea: P values are from the 
comparison of the control and 25 mg/kg RH-treated mice; P valueb: P values are from the comparison of the control and 50 mg/kg RH-treated mice

Table 2. Changes in the band area values of the major lipid bands of the ATR-FTIR spectra of the cardiac muscle of control, 25 mg/kg and 50 mg/kg 
RH-treated mice

Band No Functional Group Wavenumber  (cm-1) Control 25 mg/kg RH P Valuea 50 mg/kg RH P Valueb

2 Olefinic=CH Stretch. 3011 0.021±0.004 0.030±0.006 0.100 0.037±0.005 0.034*

3 CH3 Antisym. Stretch. 2959 0.433±0.018 0.448±0.038 0.807 0.461±0.018 0.034*

4 CH2 Antisym. Stretch. 2924 0.815±0.025 0.855±0.072 0.376 0.896±0.063 0.043*

6 CH2 Sym. Stretch. 2855 0.125±0.008 0.136±0.015 0.167 0.143±0.010 0.015*

7 Carbonyl Ester Stretch. 1738 0.623±0.012 0.655±0.037 0.165 0.666±0.036 0.006**

Values are given as “mean ± standard deviation” for each group. Degree of significance was denoted as * P<0.05, ** P<0.01. P valuea: P values are from the 
comparison of the control and 25 mg/kg RH-treated mice; P valueb: P values are from the comparison of the control and 50 mg/kg RH-treated mice
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of the membrane [4]. The increase in intracellular sodium 
concentration may affect the intracellular and extracellular 
sodium/calcium exchange mechanisms [31]. In this way, the 
intracellular calcium concentration increases, while the 
sodium level decreases on the other side. The increase in 
intracellular calcium concentration is known to be one 
of the main mechanisms triggering the formation of free 
radicals [32]. It is also known that exposure to GTX can lead 
to dysfunction in organs such as the liver and kidneys and 
functional defects in organs and impaired balance in the 
biological system may lead to free radical formation [16]. On 
the other hand, it is known that GTX plays an important 
role in cardiotoxicity by binding to the muscarinic M2 
receptors [33]. The increased vagal tone of GTX leads to 
the condensation of the cholinergic effect, especially in 
the cardiovascular system and to the impairment of the 
physiological balance of other systems [33]. These may 
indirectly lead to the degradation of the oxidant/anti-
oxidant balance at the cellular level, the weakening of the 
cellular antioxidant defense system and the formation of 
free radicals. As a result, the increase in the area values of 
olefinic=CH and carbonyl ester stretching bands and the 
ratio of unsaturated/saturated lipids observed in this study 
could be attributed to lipid peroxidation as a consequence 
of the attack of free radicals to the fatty acids in the system. 
Our results showed that the mechanism of action of GTX 
was related to the potential for oxidative stress formation. 
In a study conducted by Eraslan et al.[34], in accordance with 
our results, oxidative stress induced by different doses of 
RH caused increases in the oxidative stress markers such 
as MDA, NO (nitric oxide) and HNE (4-hydroxynonenal) 
along with changes in enzyme levels. Similarly, lipid 
peroxidation induced by GTX in various cells and tissues 
determined via increase in MDA level was reported by 
Silici et al.[35] In the same study, an increase in antioxidant 
enzyme levels in the plasma and in various tissues was 
also observed. Since antioxidant enzymes play an active 
role in converting harmful free radicals into less harmful 
or harmless compounds, this increase can be regarded as 
an indication of lipid peroxidation due to oxidative stress.

According to the results of the present study, the amount of 
saturated lipids increased significantly in the 50 mg/kg RH-
treated group. This result was supported by the increase 
observed in the chain length, which is determined by 
the increase in the CH2/CH3 ratio, in 50 mg/kg RH-treated 
group [20]. The increase in lipid chain length may have been 
due to an increase in lipid content in the cardiac muscle 
tissue after 50 mg/kg RH administration. As systems with 
longer chained lipids contain relatively fewer methyl 
groups, the CH3/lipid ratio decreased when the lipid chain 
length increased [21]. Thus, the observed reduction in the 
CH3/lipid ratio following the administration of 50 mg/kg 
RH confirmed the conclusion that the lipid chain length 
had increased. These results suggested that the dose of 
50 mg/kg RH caused changes in lipid metabolism in the 
cardiac muscle, resulting in the accumulation of lipids. 

The physiological balance between lipid uptake and 
oxidation prevents the accumulation of excess lipids. If 
this balance is impaired for any reason, accumulation of 
myocardial lipid is observed and this situation leads to 
various pathological responses [36]. Fatty acids significantly 
affect crucial membrane functions like membrane fluidity 
and membrane structure stability, membranous ion and 
substance transport and cardiac electrophysiology, which 
is essential for cardiac function and excitability. In addition, 
they play a role as regulatory molecules in the formation of 
oxidative and ischemic damage, as a secondary messenger 
in cell signaling and transduction and as an effector in 
apoptosis [37]. For this reason, abnormalities in fatty acid 
metabolism affect the structure and function of the cardiac 
system adversely. In a study conducted by Oztasan et al.[25], 
it has been demonstrated that RH caused changes in the 
lipid metabolism. In that study, diabetic rats were found to 
have reduced blood lipid levels after RH administration [25]. 
RH may cause a decrease in the lipid content in the blood 
due to this effect, which may in turn lead to an increase 
in the amount of lipids in tissues such as cardiac muscle. 
Most of these lipids that accumulate in the cardiac muscle 
tissue affect cardiac function in the worst way and cause 
myocardial structural damage, such as cardiac fibrosis, 
myocyte apoptosis and decreased contraction thought to 
be caused by frequent mitochondrial disorders [36]. Since 
consumption of RH in high amounts is known to cause 
cardiac side effects and functional disorders [38], the lipids 
accumulated in the tissue may contribute to all these 
functional disorders.

In the current study, the lipid/protein ratio in the 50 mg/kg 
RH-treated group was significantly increased. This finding 
pointed out a change in the lipid asymmetry in the cardiac 
cell membranes and supported the conclusion that there 
has been a change in lipid metabolism in the system 
after the 50 mg/kg RH administration. It is known that 
changes in lipid asymmetry cause significant alterations 
in intracellular and intercellular ion concentrations and 
ultimately in membrane function [39]. The wavenumber 
of the CH2 antisym stretching band in the FTIR spectrum 
gives information about the order and disorder status of 
the lipids in the membrane. In the present study, the 
wavenumber of the CH2 antisym stretching band of the 50 
mg/kg RH-treated group showed a significant shift towards 
higher values. This finding suggested that the 50 mg/kg 
RH administration caused a reduction in the membrane 
order [9]. The reduction in membrane order may have been 
related to lipid peroxidation caused by oxidative stress 
induced by RH [40]. In addition, the bandwidth of the CH2 
antisym stretching band was significantly increased in the 
50 mg/kg RH group. This increase in bandwidth indicated 
an increase in membrane fluidity [9]. The observed changes 
in lipid fluidity may be due to the changes in the lipid 
composition, lipid concentrations and their changes 
relative to each other and to a change in the lipid/
protein ratio [9]. It is known that the effects of GTX on the 
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skeleton and cardiac muscle are all due to changes in the 
cell membrane [41]. As GTX is a fat-soluble toxin, the order 
and fluidity of the cell membrane is very important for 
permeability to GTX. As a result of the action mechanism 
of GTX, some changes may occur in the cytosolic calcium 
concentration which plays important roles in events 
such as muscle contraction, cell division, apoptosis, and 
neurotransmitter release [4,42]. In our study, the decrease in 
the membrane order and the increase in the membrane 
fluidity were factors that increased the membrane 
permeability. Therefore, our results are consistent with 
the findings that RH affects the cell membrane, resulting 
in changes in intracellular ion concentration. Our findings 
showed that the 50 mg/kg RH dose disrupted the normal 
functioning of the cell membrane due to significant 
changes in membrane order and fluidity. These adverse 
effects on the order and fluidity of the cell membrane 
could be one of the toxic mechanisms of RH on the cardiac 
muscle.

Our results revealed that administration of 25 mg/kg of RH 
did not cause any significant change in the mouse cardiac 
muscle lipids except for an increase in the unsaturated/
saturated fatty acid ratio, which is an indication of lipid 
peroxidation. However, 50 mg/kg RH induced significant 
changes on the tissue lipids at molecular level together with 
lipid peroxidation. The results of our study demonstrating 
the toxic effects 50 mg/kg RH on the structure, composition 
and dynamics of cardiac muscle lipids are crucial to reveal 
the action mechanism of RH on the functions of the 
cardiac muscle and have been reported for the first time. 
The global changes in lipids and membranes observed in 
this study may reflect one of the main mechanisms of the 
toxicity of GTX in RH. In addition, the results of this study 
show that the amount of RH is important and the induced 
effects depend on the dose consumed. 
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Abstract
The zoonotic rickettsial pathogen Anaplasma species have a broad geographical distribution and are important intracellular agents. Domestic 
animals and wild rodents may play an important role in the epidemiology of this disease. The aim of this study was to estimate the prevalence of 
infection with Anaplasma species among domestic animals and wild rodents in northern Xinjiang Uygur Autonomous Region (XUAR), Northwest 
China, during 2015-2016. In this study, DNA from Anaplasma ovis was detected by nested PCR in blood samples from 21/137 sheep (15.3%) in Ili 
Kazakh Autonomous Prefecture (Ili), 18/79 sheep (22.8%) in Bole Mongol Autonomous Prefecture (Bole) and 13/71 sheep (18.3%) in Shihezi City. 
In addition, detection of Anaplasma phagocytophilum DNA in spleen samples from great gerbils (Rhombomys opimus) in Urumqi (37/356, 10.4%) 
and Bole (21/134, 15.7%). Interestingly, co-infection A. ovis and A. phagocytophilum  in blood of sheep (9/137, 6.7%) from Ili, northern XUAR. Based 
on 16S rRNA sequence, phylogenetic analyses showed that A. ovis were separated into one clade, while the A. phagocytophilum was separated into 
another clade. This analysis demonstrated that there are at least two different Anaplasma species widespread. The present investigation revealed 
high infection rates of A. phagocytophilum and A. ovis, which shed light on making effective measures to prevent and control Anaplasma species 
infection in animals in XUAR, Northwest China.

Keywords: Anaplasma ovis, Anaplasma phagocytophilum, Prevalence, 16S rRNA, Northwest China, Phylogenetic analyzes 

Kuzeybatı Çin ve Kuzey Sincan’da Koyun ve Yabani Kemirgenlerde 
Anaplasma ovis ve Anaplasma phagocytophilum Enfeksiyonu

Öz
Zoonotik rickettsial patojen olan Anaplasma türleri geniş bir coğrafi dağılıma sahiptir ve önemli hücre içi ajanlardır. Evcil hayvanlar ve vahşi 
kemirgenler bu hastalığın epidemiyolojisinde önemli rol oynarlar. Bu çalışmanın amacı, 2015-2016 yıllarında Kuzey Sincan Uygur Özerk Bölgesinde 
(XUAR), evcil hayvanlar ve vahşi kemirgenler arasında Anaplasma türleriyle enfeksiyon prevalansının tespitidir. Bu çalışmada, Ili Kazak Özerk 
Bölgesi’nde (Ili) 21/137 koyun (%15.3), Bole Mongol Özerk Bölgesi’nde (Bole) 18/79 koyun (%22.8) ve Shihezi Şehrinde 13/71 koyun (%18.3) kan 
örneğinde yuvalanmış PCR yöntemi ile Anaplazma ovis DNA’sı tespit edildi. Ek olarak, Urumçi’deki (37/356, %10.4) ve Bole’deki (21/134, %15.7) 
büyük rodentlerin (Rhombomys opimus) dalak örneklerinde Anaplasma phagocytophilum DNA’sı belirlendi. İlginç biçimde, Ili, kuzey XUAR’dan 
alınan koyunların kanında (9/137, %6.7) A. ovis ve A. phagocytophilum ile eş zamanlı enfeksiyon mevcuttu. 16S rRNA sekansına dayanarak yapılan 
filogenetik analizler, A. ovis’in bir kola ayrıldığını, A. phagocytophilum’un ise başka bir kola ayrıldığını gösterdi. Bu analiz bu bölgelerde en az iki 
farklı Anaplasma türünün yaygın olduğunu göstermiştir. Mevcut araştırma, XUAR, Kuzeybatı Çin’deki hayvanlarda A. phagocytophilum ve A. ovis 
enfeksiyon oranlarının yüksek olduğunu ve Anaplasma türlerinin enfeksiyonunu önlemek ve kontrol altına almak için etkili önlemler alınmasının 
gerekliliğini ortaya koydu.

Anahtar sözcükler: Anaplasma ovis, Anaplasma phagocytophilum, Prevalans, 16S rRNA, Kuzeybatı Çin, Filogenetik analiz 

INTRODUCTION
Xinjiang Uygur Autonomous Region (XUAR) covers 1.66 
million square kilometers, which is located in the hinter-

land of the Eurasian continent is geographically divided 
into two parts by Tianshan Mountain, namely northern 
XUAR and southern XUAR [1]. In northern XUAR, which is 
composed of the desert, Gobi desert, saline beach and 
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patched oases. There is a great diversity of tick species in 
XUAR, owing to the variability of geographical landscape 
and the availability of multiple vertebrate host species for 
these parasites. Ticks were reported to transmit bacterial, 
viral and parasitic diseases to animals and humans [2]. 
Anaplasmosis is a tick-borne disease and considered 
emerging or reemerging pathogens with serious public health 
implications, which are obligate intracellular pathogens 
that infect humans and animals [3]. Although these agents 
could infect humans through various routes, animal hosts 
play an important role in transmission. 

Since the first case was reported in the USA in 1990, 
Anaplasma species have been described in both Europe 
and Asia [4-7]. The major Anaplasma species that impact 
animal and human health include Anaplasma marginale, 
Anaplasma ovis, Anaplasma centrale, Anaplasma bovis, 
Anaplasma phagocytophilum, and Anaplasma platys [8]. 
Among them, A. phagocytophilum is distributed worldwide 
and infects a variety of hosts [9,10]. A. ovis is the main inter-
erythrocytic pathogens of ovine, which are responsible for 
ovine anaplasmosis in tropical and subtropical areas [11]. 
Although studies on Anaplasma species have been carried 
out in part of China [9,12] information is scarce on the 
animal reservoirs of Anaplasma spp. in northern XUAR. 
Therefore, the aim of this study was to identify A. ovis and 
A. phagocytophilum infection in wild and domestic hosts in 
different districts of northern XUAR, Northwest China

MATERIAL and METHODS

During 2015-2016, blood samples were collected from 
137 sheep in Ili Kazakh Autonomous Prefecture (Ili), 79 
sheep in Bole Mongol Autonomous Prefecture (Bole) and 
71 sheep in Shihezi City. Spleen samples were collected 
from 356 great gerbils (Rhombomys opimus) in Urumqi City 
and 134 R. opimus in Bole in northern XUAR, Northwest 
China. The study area ranged between latitude 43°49’31.42’’N 
- 44°54’18.04’’N and longitude 81°31’27.78’’ - 87°36’50.35’’E. 
In accordance with the different types of landscapes, 1-4 
sampling sites were selected in each county or city. The 
sheep bloods were sampled at different intervals under 
the owner agreements. As to wild rodents (i.e. the great 
gerbils (R. opimus)), their carcasses were submitted for 
postmortem examination to the Xinjiang Uygur Autonomous 

Region Wildlife Management Office, and then sent to our 
laboratory for scientific research. This study was approved 
by the Animal Ethics Committee of Shihezi University 
(Approval No. AECSU2015-01).

Genomic DNA was extracted from blood or dissected 
tissues/organs of the animals (including sheep and the 
great gerbil) (i.e. spleen in this study) by using the 96 
flux automatic nucleic acid extraction instrument with a 
matching commercial kit (Cell & Tissue Kit, Bioteke, Beijing, 
China) according to the manufacturer’s instructions, cloned 
into the pBS-T vector, and used for the transformation 
of One-shot® Top10 Escherichia coli cells. To prevent 
contamination problems, as negative control, used purified 
sterile water, were tested after every sample in our PCR. 
To determine genetic variability and regional differences 
of A. phagocytophilum and A. ovis, all samples were 
examined targeting 16S rRNA genes by polymerase chain 
reaction (PCR) according to previous descriptions [13,14]. 
An approximately 400bp fragment was amplified using 
primers 16S rRNA-Outer for the first round, then 16S rRNA-
Inner for the second round PCR. Each amplified product 
was repeatedly sequenced three times. Sequences were 
compared with GenBank data using BLAST (http://www.
ncbi.nlm.nih.gov/BLAST/). The evolutionary history was 
inferred by using the Maximum Likelihood method based 
on the Tamura-Nei model [15]. Evolutionary analyses were 
conducted in MEGA7 [16].

RESUTS
In this study, A. ovis was found in the blood samples from 
sheep in Ili (21/137, 15.3%), Bole (18/79, 22.8%) and Shihezi 
City (13/71, 18.3%) in northern XUAR, respectively. In  
addition to the above results, DNA from A. phagocytophilum 
was detected in spleen samples from great gerbils (R. 
opimus) in Urumqi City (37/356, 10.4%) and Bole (21/134, 
15.7%), northern XUAR. Interestingly, co-infection A. ovis 
and A. phagocytophilum in blood of 9/137 sheep (6.7%) 
from Ili, northwest China (Table 1) was detected.

Based on the analysis of BLAST and phylogenic tree, six 
Anaplasma genotypes (A. ovis and A. phagocytophilum) 
were detected (Fig. 1). The sequences of 16S rRNA fragments 
amplified from the three A. ovis isolates were 100% 
identical in our study [GenBank No. MK260043, MK260044 

Table 1. Prevalence of Anaplasma ovis and Anaplasma phagocytophilum from northern Xinjiang, northwest China

District Host Anaplasma ovis (%) Anaplasma phagocytophilum (%) Coordinate

Ili sheep 21/137 (15.3%) 9/137 (6.6%) 43°58’33.93’’N
81°31’27.78’’E

Bole
sheep 18/79 (22.8%) - 44°54’18.04’’N 

82°03’48.45’’Ethe great gerbil (Rhombomys opimus) - 21/134 (15.7%)

Urumqi the great gerbil (Rhombomys opimus) - 37/356 (10.4%) 43°49’31.42’’N
87°36’50.35’’E

Shihezi sheep 13/71 (18.3%) - 44°18’19.04’’N
85°18’19.04’’E
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and MK260045], and varied from all known A. ovis sequences
in GenBank, with 99.2%-99.7% nucleotide identity from
sheep, yaks and  ticks in other countries  [ GenBank No. 
KF293716 (Italy), LC194134 (Mongolia), KU569702 (Kenya)
and KC484562 (Russia), respectively], and separated into
diff erent clusters in the phylogenetic tree.   A. phagocytophilum 
from  sheep and great gerbils ( R. opimus) in this work, 
which had 97.5%-98.8% similarity with the corresponding 
sequences of  A. phagocytophilum originated from sheep, 
muntjac, tick and  malebank voles (Clethrionomys glareolus)
derived from diff erent areas  [GenBank No. KX279357   (China),
KX197408 (China),  KF293673 (Italy), KC916734 (China), 
AY082656 (United Kingdom), AF470699 and KY458570 
(South Korea), respectively]. Interestingly, the sequence 
divergence between A. phagocytophilum from sheep and 
great gerbils (R. opimus) was 2.53% from diff erent regions 
in our study. The phylogenetic analysis confirmed these 
results: the separation of genus Anaplasma genotypes in 
the study area were distinct from previously reported in 
other continents, geographic and host-associated cluster 
was strongly supported (Fig. 1). All obtained sequences 
were         deposited in GenBank   ( A. ovis:   MK260043-MK260045; 
A. phagocytophilum:  MK260046 -MK260047), but the number
has not been released.

DISCUSSION

Since it was first recognised,  anaplasmosis caused by  A. ovis
and A. phagocytophilum is considered to have a worldwide 

distribution [4-7]. Studies about the extent of its occurrence 
in animals and humans  have been detected mostly in 
Europe, the USA and part of Asia [4,6,7]. Here, we isolated 
four strains of  A. ovis and A. phagocytophilum from sheep, 
and  two strains of A. phagocytophilum originated from 
rodents and used molecular methods to investigate the 
occurrence of A. ovis and A. phagocytophilum in northern 
XUAR, Northwest China. 

Ovine anaplasmosis is caused by A. ovis in  sheep, goats and 
ticks, which is widely distributed in diff erent regions of the 
world [1]. The sequences, named as SHZ, YL and BL in XUAR 
were clustered together, and close to A. ovis genotypes 
from sheep in  Kenya and Italy, sheep and yaks in  Mongolia 
and ticks in Russia (Fig. 1). The phylogenetic analysis 
indicated that A. ovis genotype  diversity exist for sheep 
in Italy, Kenya and Mongolia, for yaks in Mongolia and for 
ticks in Russia, but the geographical diff erences for each 
species was not distinguished yet. Although these results 
add new information on the reservoirs of this disease 
agent we still need to have more sequence information to 
identify the diff erences of every A. ovis species .

Anaplasma phagocytophilum is reportedly maintained in 
various animal reservoirs, such as white-footed mice, goats, 
sheep, ticks and horses [4,17,18]. The sequence variation in the 
16S rRNA gene among diff erent A. phagocytophilum strains 
confirmed that three genotypes of  A. phagocytophilum
were detected in this study (Fig. 1).     A. phagocytophilum
 infection in  sheep from Ili compared with another two 

Fig  1. Phylogenetic comparison of 16S rRNA gene sequence of A   . ovis and A. phagocytophilum ( ) in this study and relevant 
sequences from GenBank. The results are based on the Maximum-likelihood (ML; 500 bootstrap replicates) approximation 
of the standard likelihood ratio test score. Branch lengths correlate to the number of substitutions inferred according to the 
scale shown
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A. phagocytophilum genotypes derived from different 
geographical regions in XUAR showed high diversity to 
A. phagocytophilum of the sheep, raccoon dogs, ticks, 
Clethrionomys glareolus and muntjacs from Italy, South 
Korea, United Kingdom and other China areas, respectively. 
These results showed A. phagocytophilum genotypes and 
displayed a high degree of genetic diversity, geographical 
and host tropisms, and the results coincides with Barakova 
et al.[19] report. To determine the level of infectivity in rodents 
as well as domestic animals, further studies are needed. 

In northern XUAR, tick species distributed widespread, 
it is important to mention that animals located in this 
area suffer from heavy infestations by ticks. Here, we 
concluded that the emerging tick-borne A. ovis and A. 
phagocytophilum infection is already prevalent in different 
areas of ChinaThese results thus add new information 
on the reservoirs of those disease agents. Despite the 
existence of the biggest livestock industry in northwest 
China, there is still a considerable gap in our knowledge 
regarding the distribution of these pathogens and its 
economical relevance. In the future, it is important that 
tick-borne Anaplasma species involving domestic animals, 
wildlife, and humans should be paid more attention to the 
cooperation of Central Asia countries.
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Abstract
This study was performed to evaluate the end-systolic wall stress/end-systolic volume index ratio (ESWS/ESV-I) for LV systolic function in 
Anatolian shepherd dogs (ASHs) with stage B2 degenerative mitral valve disease (DMVD). Thirty-eight adult ASHs with DMVD (experimental 
group; 20 B1 dogs and 18 B2 dogs) and 30 weight-matched adult healthy ASHs (control group) were used as subjects. There was no overlap 
for the ESWS/ESV-I ratio (0.83±0.03, range: 0.61-1.09 for B2 dogs, 1.34±0.05, range: 1.11-1.89 for B1 dogs, 2.17±0.0 range: 1.91-3.02 for the 
control dogs) among the groups. ESWS/ESV-I ratio (≤1.09) in ASHs with stage B2 DMVD may play a developmental role in left ventricular 
remodelling and risk factor for development of systolic dysfunction.

Keywords: Anatolian shepherd dog, Degenerative mitral valve disease, Echocardiography, End-systolic wall stress/end-systolic volume  
                         index ratio, Systolic function indices

Evre B2 Dejeneratif Mitral Kapak Hastalığı Olan Anadolu Çoban 
Köpeklerinde Sistol-sonu Duvar Stresi/Sistol-sonu Hacim İndeks 

Oranı İle Sistolik Fonksiyonun Değerlendirilmesi

Öz
Bu çalışma, evre B2 dejeneratif mitral kapak hastalığı (DMVD) olan Anadolu çoban köpeklerinde (ASHs) sistol-sonu duvar stresi/sistol-sonu 
hacim indeks oranı (ESWS/ESV-I) ile sistolik fonksiyonu değerlendirmek için yapıldı. Çalışmada, DMVD’li 38 yetişkin ASHs (deney grubu; 20 
B1 köpek ve 18 B2 köpek) ve 30 yetişkin sağlıklı ASHs (kontrol grubu) kullanıldı. Gruplar arasında ESWS/ESV-I oranı için (B2 köpeklerinde: 
0.83±0.03, aralık: 0.61-1.09, B1 köpeklerinde 1.34±0.05, aralık: 1.11-1.89, kontrol köpeklerinde 2.17±0.0 aralık: 1.91-3.02) bir örtüşme yoktu. 
Evre B2 DMVD’li ASH’lerde, ESWS/ESV-I oranı (≤1.09) sol ventrikül yeniden yapılanması ve sistolik disfonksiyon gelişiminde  risk faktörü olarak 
rol oynayabilir.

Anahtar sözcükler: Anadolu çoban köpeği, Dejeneratif mitral kapak hastalığı, Ekokardiyografi, Sistol-sonu duvar stresi/Sistol-sonu hacim  
                                            indeksi oranı, Sistolik fonksiyon endeksleri

INTRODUCTION
The most common heart diseases causing heart failure 
(HF) in dogs is degenerative mitral valve disease (DMVD) [1,2]. 

Dogs in stage B2 may be days away from developing 
congestive heart failure (CHF), or may never develop CHF in 
their life time [2]. Systolic function is not easy to evaluate in 
DMVD because of decreased afterload, increased preload 
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and enhanced sympathetic tone [3,4]. Therefore, systolic 
function indices, such as fractional shortening (FS), end-
systolic volume index (ESV-I) and E point septal separation 
(EPSS) remain high or no change during the compensated 
state of chronic mitral regurgitation (MR), despite reduced 
myocardial functioning [5].  

Many authors have advocated the use of different parameters 
in dealing with wall stress to better define left ventricular 
function in humans. Alter et al.[6] suggested that elevated 
end-diastolic wall stress (EDVS) was a strong predictor of 
systolic and diastolic dysfunction. Clerfond et al.[7] informed 
that end-systolic wall stress (ESWS) was an independent 
predictor of LV remodelling and post-discharge HF after 
myocardial infarction (MI). Carabello et al.[8] suggested that 
the end-systolic wall stress/end-systolic volume index ratio 
(ESWS/ESV-I) might be helpful in assessing left ventricular 
systolic function and operative risk in human patients with 
chronic, symptomatic MR.

End systolic volume (ESV) is independent of preload and 
has been shown to vary linearly with afterload. Afterload 
has been approximated by measuring either end-systolic 
pressure or ESWS [3]. The importance of ESWS/ESV-I ratio 
and its applicability are unknown in dogs with DMVD. Our 
hypothesis is that ESWS/ESV-I ratio is related with ventricular 
function and thus provides a new criterion in determining 
LV remodelling and systolic function. It seemed logical to 
us to determine if the ESWS/ESV-I ratio would be higher 
(indicating relatively greater left ventricular shortening) 
or would be lower (indicating less shortening and thus 
relatively poorer left ventricular function). For this reason, 
our study aimed to assess the ESWS/ESV-I ratio for LV 
systolic function in Anatolian shepherd dogs (ASHs) with 
asymptomatic DMVD.

MATERIAL and METHODS
Legal Conformity and Ethics Statement 

Ethical approval was received from the Faculty of Veterinary 
Medicine of Selçuk University (permit number 2012/053). 

Animals 

This retrospective study used 38 adult (age: madian 5.87 
(3-9) years; weight: 41±3.29 (28-55) kg gender: 31 males, 
7 females) ASHs with DMVD (experimental group) and 
30 weight-matched, adult (age: madian 5.17 (2-9) years; 
weight: 40±6.33 (27-52) kg gender: 25 males, 5 females), 
healthy ASHs (control group) as subjects. All the ASHs had 
been presented for a cardiology consultation both for the 
identification of a heart murmur and for the evaluation of 
the cardiovascular system or for the regular checkup purpose.

Study Design and Clinical Examination

A clinical examination, an electrocardiography (ECG) (Vet 
ECG Electrocardiograph VE-300, Vega Group) study, thoracic 

radiography for VHS determination [3] and arterial blood 
pressure (BP, systolic and diastolic) measurements using 
oscillometric technique (DynaPulse DP 5200A Pathway 
Pulse Dynamic NIBP Monitor, Pulse Metric Inc., USA) [3] 

were done in each ASH for both the experimental and 
control groups. The intensity of cardiac murmurs was 
evaluated according to Levine’s classification [3]. NT-proBNP 
concentrations (CardioPet, NT-proBNP, IDEXX, Westbrook, 
ME) were measured by enzyme immunoassay (EIA).

Each dog was examined using a standard 2-D, M-mode, 
and colour-flow Doppler imager.

The presence of ticked valve leaflets and/or prolapsed 
and the identification of MR was inclusion criteria in the 
experimental group. The control dogs had no symptoms 
of heart disease showing normal blood pressure, chest 
radiography, ECG, and echocardiographic findings. Dogs 
with any medical treatment for mitral valve disease or 
that had extra-cardiac disease based on history, physical 
examination, and a chemistry profile was excluded.

The degree of heart disease was classified according to the 
ACVIM consensus statement [9], according to radiographic 
and echocardiographic heart size. In order to differentiate 
class B animals as B1 and B2, the vertebral heart scale 
(VHS) and echocardiographic left atrial/aortic root (LA/
Ao) ratio were performed. From the experimental group, 
18 dogs had both VHS scores >10.5 vertebrae and LA/Ao 
ratios >1.7 (stage B2), whereas 20 had both VHS scores 
≤10.5 vertebrae and LA/Ao ratios ≤1.7 (stage B1). 

Echocardiography

Transthoracic echocardiographic examinations (2-D, M-mode 
and Doppler) were performed in all dogs according to the 
techniques described by Turgut [3]. Transducer arrays of 4-7 
MHz were used (SUIU, CZXL-43C). 

The regurgitant jet area signal to the LA area (ARJ/LAA) 
and the LA/Ao ratio were classified as described by 
Turgut [3]. M-mode measurements including EPSS, LV end-
diastolic diameter (Ded), end-systolic diameter (Des), IVSed 

and LV posterior wall thickness in end-systole (PWhes) were 
obtained according to the leading-edge-to-leading-edge 
method. The FS, end-diastolic volume (EDV), ESV and 
stroke volume were calculated using the Teichholz method 
using the software program of the echocardiogram. The 
EDV, ESV and cardiac output values were indexed for body 
surface area. This was in order to obtain the EDV-I, ESV-I 
and the cardiac index (CI). 

IVSd/LVd ratio; The IVSd/LVd ratio was determined by 
M-mode measurements from right parasternal long-axis 
5-chamber view.

ESWS/ESV-I ratio; The ESWS is determined by the ratio of 
left ventricular internal dimension (Des) to the posterior 
wall thickness (PWhes): 



301

TURGUT, ŞEN, İNCE, NASERİ
SÜLEYMANOĞLU, ERTAN, SAĞMANLIGİL 

ESWS = (PxDes) × 1.35/PWhes; where ESWS is left ventricular 
wall stress (g/cm2) at end-systole, P is the systolic BP (mmHg), 
Des and PWhes are the left ventricular internal dimension and 
posterior wall thickness (cm) at end-systole, respectively, 
and 1.35 is a conversion factor (mmHg to g/cm2). Thus, the 
determination of ESWS and ESV-I allowed for calculation of 
the ESWS/ESV-I ratio.

Statistical Methods

All data (control, B1, and B2 groups) were evaluated by a 
homogenity test (Kolmogrov-Smirnov Z) to determine 
the data distributions. The values for FS, EPSS, NT-proBNP 
and LA/Ao were evaluated using Mann-Whitney U test, 
because of the data’s nonparametric distribution. Values 
for FS, EPSS, NT-proBNP and LA/Ao are reported as the 
median. The values for VHS, ESV-I, CI, EDV-I, the IVSd/
LVd ratio and the ESWS/ESV-I ratio were evaluated using 
a One-way ANOVA and Tukey post hoc test (SPSS 19.0). 
The values for VHS, ESV-I, CI, EDV-I, the IVSd/LVd ratio and 
the ESWS/ESV-I ratio are reported as the mean ± SE. The 
statistical significance level was set at P<0.05.

RESULTS
On the physical examination, 16 (80%) of the B1 dogs had 
left-apical holosystolic murmurs (13 with grade I-II/VI; 3 
with grade III-IV/VI) and 4 (20%) had no an auscultable 
murmur. 17 (94.4%) of the B2 dogs had left-apical holosystolic 
murmurs (10 with grade I-II/VI; 7 with grade III-IV/VI) and 1 
(5.6%) had no an auscultable murmur. 

The left ventricular systolic function parameters (FS, ESV-I, 
EPSS and ESWS/ESV-I ratio), EDV-I, NT- proBNP, VHS,  
LA/Ao, IVSd/LVd and ESWS/ESV-I values in the control 
and the experimental (B1 and B2) groups of dogs are 
summarised in Table 1.

On the colour-flow Doppler examination, all 20 B1 dogs 
(100%) had mild MR (<20%), whereas among 18 B2 dogs, 
6 (33%) had mild, 11 (61%) had moderate (20-40%) (Fig. 1) 
and 1 (6%) had severe (>50%) MR.

The mean ESWS/ESV-I ratio was (P<0.05) lower in the B2 
dogs (0.83±0.03, range: 0.61-1.09) when compared with 
the B1 dogs (1.34±0.05, range: 1.11-1.89) and control dogs 
(2.17±0.0, range: 1.91-3.02). The difference between the 
B2 dogs and the B1 dogs (Table 1, Fig. 2) was also significant 
(P<0.05).

DISCUSSION

Many studies have provided important information on 
the natural progression of stage B2 DMVD and reported 
factors that can be used to identify which stage B2 dogs 
have higher versus lower risks of developing CHF [10,11]. The 
results of studies on the effect of volume overload caused 
by DMVD on left ventricular function are controversial [2,4,8]. 
In our study, FS, ESV-I, CI showed a significant difference, 
especially in the B2 dogs (Table 1). However, there was 
some overlap for FS (29-45% for the control dogs, 31-48% 
for theB1 dogs, 45-51% for the B2 dogs) (Table 1), for the 
ESV-I (5.84-30.16 mL/m2 for the control dogs, 13.69-42.59 
mL/m2 for the B1 dogs, 22.37-36.23 mL/m2 for the B2 dogs 
(Table 1), for the CI (2907-6399 ml/min/m2 for the control 
dogs, 1267-5285 mL/min/m2 for the B1 dogs, 2112-4304 
mL/min/m2 for the B2 dogs) among the groups, and these 
indexes did not manage to separate the groups (Table 1). 
This might be the result of decreased afterload, increased 
preload and sympathetic tone. For these reasons, we 
think that FS, ESV-I and CI are thought to be less sensitive 
indicators of systolic function in asymptomatic ASHs with 
DMVD, which is in agreement with previous studies [4,12]. All 
these results may demonstrate that there seemed to be 

Table 1. NT- proBNP, VHS, LA/Ao, LV, FS, ESV-I, CI, EPSS, EDV-I, IVSd/LVd and ESWS/ESV-I ratio in the control and experimental groups of dogs

Paramaters
Control group

(n = 30)

Experimental group

B1 
(n = 20)

B2
(n = 18)

NT- proBNP (pmol/L) (median and range) 759±47 (250-2050)c 1588±212 (900-4650)b 2985±218 (1250-4300)a

VHS vertebrae (mean and range) 9.74±0.06 (9.10-10.50)c 10.30±0.09 (9.00-10.50)b 10.90±0.05 (10.60-11.50)a

LA/Ao (median and range) 1.20±0.03 (0.69-1.58)c 1.44±0.04 (1.10-1.70)b 1.80±0.03 (1.73-2.10)a

FS (%) (median and range) 35.00 (29-45)c 44.50 (31-48)b 46.50 (45-51)a

ESV-I (mL/m2) (mean and range) 17.1±1.39 (5.84-30.16)b 27.6±2.35 (13.69-42.59)a 31.7±1.0 (22.37-36.23)a

CI (mL/min/m2) (mean and range) 4352±186 (2907-6399)a 3227±226 (1267-5285)a 3165±157 (2112-4304)b

EPSS (mm) (median and range) 3.70 (2.00-6.50) 3.40 (2.30-7.00) 3.35 (2.50-4.40)

EDV-I (mL/m2) (mean and range) 55.7±2.4 (29.9-78.1)b 52.2±3.6 (31.4-73.7)b 75.7±2.2 (54.2-85.2)a

IVSd/LVd(mean and range) 0.27±0.007 (0.22-0.33) 0.28±0.008 (0.22-0.33) 0.27±0.01 (0.23-0.33)

ESWS/ESV-I ratio (mean and range) 2.17±0.0 (1.91-3.02)a 1.34±0.05 (1.11-1.89)b 0.83±0.03 (0.61-1.09)c

FS: fractional shortening; EF: ejection fraction; ESV-I: end-systolic volume index; EPSS: E point septal separation; EDV-I: end-diastolic volume index; 
CI: cardiac index; ESWS/ESV-I: end-systolic wall stress/end-systolic volume ratio; IVSd/LVd: interventricular septum thickness/left ventricular internal 
dimension ratio; a,b,c Values with different character in each row are statistically different with P<0.05
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preserved systolic function and a hyper-dynamic phase of 
the heart in the B1 and B2 dogs.

Chamber enlargement may lead to increased peak systolic 
wall stress (by the Law of La Place), which causes wall 
thickening of a sufficient magnitude to normalise the 
systolic stress [3]. Suzuki et al.[13], have also reported that 
relative wall thickness was not a factor in determining 
asymptomatic dogs with Class I DMVD and healthy dogs. 

Increased ESWS in LV volume overload causes mainly 
chamber enlargement, and eccentric hypertrophy. ESWS
probably gives more accurate prediction when determining 
afterload than using pressure alone, because it deals with 
filling conditions, BP, wall thickness and curvature radius [7]. 
Clerfond et al.[7] informed that ESWS was an independent 
estimator of LV remodelling and post-discharge HF after 
MI. When we consider ESV-I, dogs with ESV-I values>30 
mL/m2 indicate impaired systolic function [3]. In our study, 
ESV-I was high in the B2dogs (>30 mL/m2) (Table 1). For 
this reason we thought ESWS/ESV-I would be useful in 

evaluating systolic function. Carabello et al.[8] studied patients 
with symptomatic, chronic, severe MR to determine which
hemodynamic and angiographic factors might be prognostic 
of surgical outcome. They found that the ESWS/ESV-I ratio 
was more sensitive than EF or other hemodynamic variables 
in predicting surgical outcome in symptomatic patients 
with chronic MR. In our study, the mean ESWS/ESV-I ratio 
was lower (P<0.05) in the B2 dogs (0.83±0.03, range: 0.61-
1.09) when compared with B1 dogs (1.34±0.05, range: 
1.11-1.89) and control dogs (2.17±0.0 range: 1.91-3.02). The 
diff erence between the B2 dogs and the B1 dogs was also 
significant (P<0.05). There was no overlap for the ESWS/
ESV-I ratio among the groups, and the ESWS/ESV-I ratio did 
separate the groups alone (Table 1, Fig. 2). All the ESWS/
ESV-I ratios were ≤1.09 for the B2 group. This may indicate 
that the ESWS/ESV-I ratio is more accurate in assessing 
left ventricular function. Thus, the B2 dogs, who had a 
median FS of 46.50% (range: 45-51%), had a significantly 
lower ESWS/ESV-I ratio (≤1.09) than both control dogs and 
B1 dogs, indicating left ventricular function. The level of 

Fig 2. ESWS/ESV-I ratio distribution for the control dogs, 
B1 dogs, and B2 dogs. There was no overlap for the ESWS/
ESV-I ratio among the groups, and the ESWS/ESV-I ratio did 
separate the groups alone

Fig 1. Moderate mitral regurgitation jet in a B2 dog with 
DMVD
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NT-proBNP secreted predominantly from the ventricle is 
elevated in response to cardiac remodelling [14,15]. In our 
study, NT-proBNP levels (the B2 dogs: 2985±218 pmol/L 
(1250-4300 pmol/L), the B1 dogs: 1588±212 pmol/L (900-
4650 pmol/L) and the control dogs: 759±47 pmol/L (250-
2050 pmol/L) were irrespectively correlated with ESWS/
ESV-I ratio (Table 1). These results could be the reason of 
synthesis and secretion of NT-proBNP induced by the 
elevation of left ventricular ESWS in the B1 and the B2 
dogs. It may suggest that the echocardiography-based 
approach could be improved through the determination 
of BNP.

Our results highlight that ESWS/ESV-I ratio (≤1.09) in 
ASHs with stage B2 DMVD may result in left ventricular 
remodelling and a risk factor in the development of 
systolic dysfunction; in other words, it may be to foresee 
the transition from asymptomatic to a symptomatic 
DMVD in dogs.
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Abstract
Mycoplasma species are a major cause of mastitis, arthritis, pneumonia and reproductive disorders in small ruminants. Mycoplasmas in 
reproductive systems of males have been associated with diseases as orchitis, balanoposthitis and abnormal spermatozoa activity. The 
aim of this study was to detect Mycoplasma species that cause reproductive infections in bucks and rams. Total of 27 preputial swabs was 
collected from Saanen bucks and Kıvırcık rams at the Artificial Insemination (AI) Center of Uludag University in Turkey. Bacteriological culture 
methods, followed by Polymerase Chain Reaction (PCR) and Denaturing Gradient Gel Electrophoresis (DGGE) were used to detect and identify 
Mycoplasma species. The PCR-DGGE method identified one M. bovigenitalium and one M. arginini from two cases of orchitis in rams, and 
another M. bovigenitalium was identified from a buck with no clinical signs. The results showed that Mycoplasma species were present in the 
testicles of rams and bucks that were negative for Brucellosis, and likely causative organisms of orchitis which lead to reduced fertility.

Keywords: Genital Mycoplasmas, PCR-DGGE, Preputial swab, Small ruminant

Teke ve Koçların Prepusyal Svap Örneklerinden Genital Mikoplazma 
Türlerinin Karakterizasyonu

Öz
Mikoplazma türleri küçük ruminantlarda mastitis, artritis, pnömoni ve reprodüktif bozukluklara neden olabilmektedir. Erkek hayvanların 
reprodüktif sistemlerinde bulunan mikoplazmalar; orşitis, balanopostitis ve anormal spermatozoa aktivitesi gibi hastalıklarla ilişkilendirilmiştir. 
Bu çalışmada, teke ve koçlarda reprodüktif infeksiyonlara neden olan mikoplazma türlerinin tespiti ve karakterizasyonu amaçlandı. Uludağ 
Üniversitesi Suni Tohumlama Merkezi’nde bulunan Saanen ırkı tekelerden ve Kıvırcık ırkı koçlardan toplamda 27 adet prepusyal svap örnekleri 
toplandı. Mikoplazma türlerinin izolasyon ve identifikasyonu için bakteriyolojik kültür yöntemleri, Polimeraz Zincir Reaksiyonu (PCR) ve 
Denatüre Edici Gradient Jel Elektroforezi (DGGE) metodu uygulandı. PCR-DGGE metodu ile orşitis semptomu gösteren koçların birinden M. 
bovigenitalium ve diğerinden M. arginini identifiye edilirken; semptom göstermeyen bir tekeden ise M. bovigenitalium identifiye edildi. Elde 
edilen sonuçlar ile Brusellozis negatif olan koç ve tekelerin testislerinde, fertilite azalmasına yol açan orşitise neden olan Mikoplazma türlerinin 
varlığı ortaya konmuştur.

Anahtar sözcükler: Genital Mikoplazmalar, PCR-DGGE, Prepusyal svap, Küçük ruminant

INTRODUCTION	
The reproductive disorders in caprines and ovines may be 
caused by some Mollicutes and Mycoplasma species [1]. 

Mycoplasma species, which are usually host specific, can 
infect man or animals causing clinical signs that include 
pneumonia, arthritis, infertility and abortion [2]. Some 
Mycoplasma diseases that affect small ruminants are listed 
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by the OIE as they can cause major economic losses. These 
include contagious caprine pleuropneumonia, caused by 
Mycoplasma capricolum subsp. capripneumoniae in goats 
and contagious agalactia (CA) in sheep and goats, caused 
by Mycoplasma agalactiae, Mycoplasma mycoides subsp. 
capri, Mycoplasma capricolum subsp. capricolum and 
Mycoplasma putrefaciens. These CA infections have been 
associated with mastitis, arthritis, keratoconjunctivitis, 
abortion and atypical symptoms include respiratory and 
genital signs [3]. Other Mycoplasma species that infect small 
ruminants includes Mycoplasma ovipneumoniae, which is 
usually associated with respiratory disease; Mycoplasma 
conjunctivae that causes eye infections; and M. arginini 
which is thought to be a commensal, but may cause 
opportunistic infections. Mycoplasma bovigenitalium, 
previously called Mycoplasma ovine/caprine serogroup 
11 [4], was originally isolated from infertile ewes having 
been introduced by infertile rams that showed abnormal 
sperm morphology and motility [5,6]. It has been associated 
with vulvovaginitis, epididymitis, orchitis, and infertility, 
resulting in economic losses.

The identification of different Mycoplasma species is 
technically difficult and expensive using conventional culture 
methods and mycoplasma species specific antiserum in 
growth inhibition tests [7]. Newer methods include specific 
polymerase chain reactions (PCR’s) but these only identify 
one species unless they are multiplexed. More recently a 
microarray has been described but it is not widely used. 
The combined use of a PCR based on the 16S rDNA gene 
that will detect all Mycoplasma species, which can then 
be differentiated using denaturing gradient gel electro-
phoresis (DGGE) (PCR-DGGE) [8] to detect and identify the 
majority of Mycoplasma species is being used in a number 
of specialised laboratories. The aim of this study was to 
detect and identify mycoplasmas that cause reproductive 
infections by testing preputial swabs from bucks and rams. 

MATERIAL and METHODS 
Preputial swabs were collected from 17 bucks (Saanen) and 
10 rams (Kivircik) kept at the Artificial Insemination (AI) 
Center of Uludag University in Turkey. The animals in semi-
intensive system were mixed as bucks and rams and were 
kept together. All rams and bucks fed with a commercial 
concentrate diet with hay and water provided ad libitum. 
The animals were not vaccinated against CA and were 
clinically healthy, except for two rams which showed signs 
of orchitis in both testicles. Preputial swabs were placed 
into Stuart transport medium (cotton wrapped, Cultiplast, 
LP Italiana) and transported to the laboratory in cool 
containers at 4°C. All of samples were investigated for Brucella 
spp., Mycoplasma species and other bacterial infections.

Bacteriological Examination 

All samples were inoculated into Mycoplasma Broth Base 
containing Mycoplasma Supplement G (Oxoid, UK), where 

ten-fold serial dilutions were made, and then plated onto 
Brucella selective agar (Oxoid, UK), Columbia blood agar 
with 5% sheep blood and MacConkey agar and Mycoplasma 
agar base containing Mycoplasma supplement G plates 
(Oxoid, UK). Columbia blood agar and MacConkey agar 
plates were incubated at 37°C for 24-48 h in an aerobic 
environment. In addition Brucella selective media were  
incubated 37°C in a 5-10% CO2 atmosphere. Media were 
examined daily for up to seven days. All of the mycoplasma 
media were incubated at 37°C in a 5-10% CO2 atmosphere 
and observed for three to seven days. The broth media were 
examined daily for signs of mycoplasma growth and the 
agar media were examined for mycoplasma-like colonies 
and typical ‘fried-egg’ colonies using a stereomicroscope. 
Suspect Mycoplasma colonies were tested for digitonin 
sensitivity and urease activity for Acholeplasmas and 
Ureaplasmas, respectively, using standard methods [7].

DNA Extraction and 16S rDNA PCR-DGGE

Genomic DNA was extracted directly from 1 mL of the broth 
cultures using the High Pure PCR Template Preparation 
Kit according to the manufacturer’s instructions (Roche 
Diagnostics). The 16S rDNA gene PCR and DGGE were 
performed according to the method described by McAuliffe 
et al.[8] using GC341-F (universal) and R543 (mycoplasma 
specific) primers. Briefly, DGGE was performed using the 
Ingeny PhorU 2x2 apparatus (GRI Molecular Biology, 
Essex, UK). Samples (20 µL) were loaded on to 10% 
polyacrylamide/bis (37.5: 1) gels with denaturing gradients 
from 30 to 60% (where 100% is 7M urea and 40% (v/v) 
deionized formamide) in 1X TAE electrophoresis buffer. 
Electrophoresis was carried out at 100V at a temperature of 
60°C for 18 h. Gels were stained with SYBR Gold (Cambridge 
BioScience, UK) in 1X TAE for 30 min at room temperature 
and visualized under UV illumination. The controls used 
included the type strains of: M. agalactiae (NCTC 10123), 
M. bovigenitalium (NCTC 10122), M. mycoides subsp. capri 
(NCTC F30), M. arginini (NCTC 10129), M. ovipneumoniae 
(NCTC 10151), M. bovis (NCTC 10131), M. capricolum subsp. 
capricolum (NCTC 10137) and Ureaplasma diversum.

RESULTS
Bacterial growth was observed in 3 (1 buck and 2 rams) 
out of 27 samples (11.1%) as indicated by turbidity in the 
broths and ‘fried egg’ colonies on mycoplasma plates. No 
bacterial colonies were detected on Columbia blood agar 
and Brucella selective media (Table 1). Digitonin sensitivity 
and urease activity tests were negative.

Three mycoplasma isolates were identified using the 16S 
rDNA PCR-DGGE method and compared to standard 
ruminant mycoplasma controls (Fig. 1). Bacteriological 
examination and the 16S rRNA gene-based PCR-DGGE 
method identified two of the cultures as M. bovigenitalium 
and one as M. arginini. One of the M. bovigenitalium 
cultures and the M. arginini were isolated from cases of 
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orchitis in two rams and the other M. bovigenitalium was 
isolated from a buck with no apparent clinical signs.

DISCUSSION
This study confirmed of the presence of M. bovigenitalium
and M. arginini in the prepuce of bucks and rams by 
bacteriological isolation and molecular identification. M. 
bovigenitalium, formerly known as Mycoplasma ovine/
caprine serogroup 11, has previously been associated with 
abnormal sperm morphology and motility resulting in 
infertility in rams [1]. As its name suggests M. bovigenitalium
has been described in cattle and it has been isolated from 
the reproductive tract, pneumonic, arthritic and mastitic 
cattle as well as aborted foetuses [9]. Lysnyansky et al.[10]

identified M. bovigenitalium and Mycoplasma canadense
from outbreaks of granulopapular vulvovaginitis in dairy 
cattle in Israel and Catania et al.[6] reported M. bovigenitalium 
from infertile cattle. There are also reports describing the 
isolation of M. bovigenitalium and M. arginini from the 
genital tract of goats [8] and semen of naturally infected 
asymptomatic rams [11].

Mycoplasma arginini has been isolated from a wide range 
of domestic animals but more commonly from sheep and 
goats. Rosendal [12] described it as occurring naturally in 
the genital tract of small ruminants. In recent years, M. 
arginini has been associated with various clinical signs 
in sheep and goats including pneumonia [13]. It is often 
thought to be a commensal or opportunistic organism 

and it is unusual for a mycoplasma species, in that it has 
been reported as occurring in many hosts, often with 
severe outcomes. A fatal infection due to M. arginini 
has been reported in an abattoir worker [14]. In a survey 
of the primary infectious agents associated with ovine 
ulcerative balanoposthitis and vulvovaginitis in South 
Africa. Kidanemariem et al.[15] identified M. bovigenitalium
and M. arginini more frequently in diseased animals than 
healthy animals. However, Kalshingi et al.[16] isolated 34 
strains of Mycoplasma species including Mycoplasma 
bovigenitalium and M.arginini from the genital tract of 
clinically healthy Dorper sheep and sheep with ulcerative 
vulvitis and balanitis.

In this study, following the bacteriological culture of 
Mycoplasma species, the PCR-DGGE method identified two 
M. bovigenitalium and one M. arginini from the 27 samples. 
Although mycoplasma culture is the standard method 
used by many laboratories, its success is very dependent 
on the laboratory receiving freshly taken samples, that 
have been taken aseptically, otherwise the mycoplasmas 
may die during transport or become overgrown by other 
less fastidious bacteria. This study was limited to detecting 
viable Mycoplasma species through the initial culture 
method. Ideally, the clinical samples should be tested 
immediately by PCR-DGGE, and following culture, or 
culture enrichment stages. The use of PCR directly on the 
clinical sample or from washing of the clinical sample 
would allow for detection of both viable and non-viable 
Mycoplasma species. Use of culture enrichment also has 

Table 1. Bacteriological and molecular findings obtained from preputial swabs from bucks and rams

Host No. of Sample
Number of Mycoplasma Species

(positive samples) (%)
16S rDNA /DGGE Results 

(number of isolates)

Ram 10 2 (20%) 1 (M. bovigenitalium)
1 (M. arginini)

Buck 17 1 (5.9%) 1 (M. bovigenitalium)

Total 27 3 (11.1%) 3 

Fig 1. DGGE example gel of the amplified V3 region of 16 S 
rDNA gene. Lanes: 1, negative control; 2, U. diversum positive 
control; 3, M. arginini positive control; 4, M. bovigenitalium 
positive control;  5,  M. bovis  positive control; 6,  M. bovigenitalium 
from example sample ; 7-8, M. arginini from example sample; 
9,  M. agalactiae  positive control; 10, M. ovipneumoniae positive
control; 11, M. mycoides  subsp  capri    positive control; 12, unknown 
profile; 13,  M. capricolum subsp capricolum  positive control;14, 
M. arginini   2nd positive control
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the potential to further enhance the sensitivity of the PCR-
DGGE method [13]. 

In conclusion, this study has carried out diagnostic tests for 
mycoplasma species that could cause infections affecting 
the reproductive system in male sheep and goats. It is the 
first report that describes the detection of Mycoplasma 
species in preputial swabs from naturally infected bucks 
and rams in Turkey. These results show that Mycoplasma 
species are present in the testicles of rams and bucks and 
were the most likely causative organisms of orchitis in 
the rams, which can lead to reduced fertility. In addition 
there is a risk that M. bovigenitalium can be transferred to 
ewes or female goats via venereal transmission. Therefore 
monitoring for Mycoplasma species by bacteriological and 
molecular tests such as PCR-DGGE tests are recommended 
for studying reproductive disorders in small ruminants. 
These tests can also be useful in monitoring programmes 
for preventing the introduction of mycoplasmas onto 
farms. This study highlights the usefulness of PCR-DGGE for 
the routine examination of ruminant samples for genital 
mycoplasma detection.
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Abstract
In a female vervet monkey brought to our hospital with the complaint of anaphylactic shock depending on snake bite, a gangrenous wound 
was detected in right gluteal region and traditional local cicatrizing and epithelizing pomade application and systemic treatment were 
performed for 10 days. As no signs of epithelization and shrinkiage was observed during this treatment, a new treatment protocol was 
started with topical insulin pomade. It was determined that epithelization started on the 4th days and completely recovered on the 46th days 
of the treatment and 30 days after the completion of topical insulin treatment the wound region was became hairy. It was concluded that 
topical treatment with insulin pomade had positive effects on delayed secondary wound healing in vervet monkeys whom their cutaneous 
trunci muscle (M. panniculus carnosus) responsible for wound contraction was not functional.

Keywords: Insulin treatment, Secondary wound healing, Vervet monkey

Bir Vervet Maymununun Gluteal Bölgesindeki Maddi Kayıplı Deri 
Yarasının Topikal İnsülin İle Sağaltımı

Öz
Hastanemize yılan ısırığına bağlı anaflaktik şok şikayeti ile getirilen dişi vervet maymununda, sağ gluteal bölgede gangrenli deri yarası tespit 
edildikten sonra 10 gün boyunca geleneksel lokal sikatrizan ve epitelizan pomat uygulamaları ve sistemik sağaltım yapıldı. Yarada epitelizasyon 
ve küçülmenin hiç gözlenmemesi üzerine topikal insulin pomat uygulamasına geçildi. Uygulamanın 4. gününde epitelizasyonun başladığı, 
46. günde tamamlandığı, topikal insulin sağaltımının kesilmesinden sonra 30. günde ise epitelizasyon bölgesinin tüylendiği gözlendi. Sonuç 
olarak, yaranın kontraksiyonla küçülmesini sağlayan cutaneous trunci (M. panniculus carnosus) kasının non-human primatlarda fonksiyonel 
olmadığı, topikal insülin pomat uygulamalarının gecikmiş sekunder yara iyileşmesinde pozitif katkıları olduğu gözlendi.

Anahtar sözcükler: Sekunder yara iyileşmesi, İnsülin sağaltımı, Vervet maymun 

INTRODUCTION
Wound is defined as the breakdown or loss of cellular 
or anatomical integrity of tissue. Healing of wound is a 
complex and dynamic process that combines blood vessel 
and cells, parenchymal cells and mediator functions and 
extracellular matrix production. Healing stages are classified 
as inflammation phase, proliferation phase, maturation 
and remodeling phase. Proliferation phase consists of 
neovascularization/angiogenesis, fibroplasia-collagen, 

epithelization and wound contraction phases [1]. The key 
point in the proliferation phase is angiogenesis, which is 
the formation of new blood vessels in the wound tissue. 
In cats and dogs, it is widely accepted that subcutaneous 
panniculus carnosus muscle plays an important role in 
providing and maintaining the cutaneous circulation, 
and providing wound contraction [1,2]. But the existence 
and development of the panniculus carnosus (cutaneous 
trunci) muscle in higher primates is variable and is rarely 
occur in the Old and New World Monkeys and completely 
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absent in human [3]. Wounds that caused by excessive 
tissue loss can be treated with secondary healing. Some-
times secondary healing impaired at one or more points 
from the stages in the normal healing process, and may 
lead to a delay in healing beyond the expected time [4]. 
Insulin is a peptide hormone and regulate blood glucose 
level. On the other hand, some studies show that insulin 
application accelerates wound healing, such as facilitates 
monocytes/macrophages chemotaxis, pinocytosis/phago-
cytosis, anabolic protein metabolism, local glucose level 
and secretion of infl ammatory and growth mediators [5-7]. 
In this case report, we aimed to present the positive eff ects 
of topical insulin in the treatment of a non-healed skin 
wound.

CASE HISTORY
A female vervet monkey was brought to Animal Teaching 
Hospital, Faculty of Veterinary Medicine, Near East 
University with the complaint of respiratory depression 
and unconsciousness. In emergency examination, slow 
breathing, tachycardia, matt voice in the caudal lung 
lobes and the sternal area was determined, and was given 
100% oxygen for respiratory depression and slow infusion 
IV colloid for 9% dehydration. Aminofilin (Filinsel® 24 
mg/10 mL vial, Osel İlaç A.Ş.) was given 6 mg/kg IV. After 15 
min, cardiopulmonary resuscitation was performed due to 
respiratory and cardiac arrest and for this aim adrenaline 
(Adrenalin® 1 mg/1 mL vial, Osel İlaç A.Ş.) were administered 
0.5 mg IV. Based on the clinical findings and considering 
the development of hemothorax, thoracosynthesis was
performed. Patient’s respiration and heart rhythms returned 
to normal after 9 mL of blood was removed in the 
thoracosynthesis. Cephazolin (Equzolin® 1 g, 4 mL vial, 
Tüm Ekip İlaç A.Ş.) and enrofl oxacin (10% Dufafl oxacin® 100 
mL vial, Dutch Farm) were administered IV against the risk 
of sepsis and secondary infections, and lactated Ringer’s, 
5% dextrose and 6% hydroxyethyl starch solution were 
given to increase circulation. The patient’s consciousness 
came back after 3 h. Antibiotic use was continued for 5 
days. Patient was physiologically return to normal after 1 
week, but thereafter, the gangrenous area 5x5 cm in size 
was thought to be due to snake bite was determined in 
the right gluteal region (Fig. 1a). Local ethacridine lactate 
monohydrate (Rivanol®, 1 g, Oro İlaç A.Ş.) wet dressing 

afterward 0.12% chlorhexidine gluconate (Klorben® spray, 
Drogsan San. ve Tic. A.Ş.) was used two times a day for
the first 4 days with the aim of demarcation. Procaine 
penicillin G and potassium penicillin G (Devapen® 800 
IM vial, Deva A.Ş.) were given IM for two times per day 
for one month for the purpose of protection against the 
infection as recommended by some literatures. On the 
4th day of treatment, the necrotic tissues were removed 
by surgical debridement. After the debridement, in the 
wound treatment was initially used topical mixture of 
nitrofurazone pomade (0.2% Furacin® Pomade, Zentiva 
Sağlık Ürünleri Sanayi ve Tic. A.Ş), dexpanthenol pomade 
(Pantenol® 5% cream, Saba İlaç Sanayi ve Ticaret A.Ş), 
zinc oxide pomade (20% Oro® Çinko Krem, Oro İlaç A.Ş.) 
and centella asiatica (1% Madecassol® pomade, Bayer) 
two times in a day and IM administration of 5% diluted 
dexpanthenol (Bepanthen® 500 mg/2 mL ampoule, Bayer)  
once a day for 10 days (Fig.1b).

In this point, we were not observed any changes in 
wound size and the epithelialization despite application 
of the mixture of 4 pomades, therefore the treatment was 
changed into only topical insulin pomade. The pomade 
mixture was prepared to contain 1 mL/100 IU of regular 
insulin (Humilin® R, 100 IU/mL, 3 mL cartridges, Lilly İlaç 
Tic. Ltd. Şti.) per 10 g of vaseline. The mixture was stored 
at room temperature as recommended by the insulin 
manufacturer and was sufficiently applied to the wound 
twice daily. In 5th day of topical insulin application, 
epithelization was observed to start. Treatment was 
terminated with the completion of wound epithelization 
on the 46th day (Fig. 2). On the 30th day after the end of the 
treatment, it was seen that the entire region was covered 
with hair, except for the approximately 0.1 cm2 area in the 
center of the wound (Fig. 3).

DISCUSSION

Panniculus carnosus muscle plays important role in 
contraction and vascularization phases in wound healing 
in cats and dogs and some mammals [1,8,9]. But in non-
human primates, panniculus carnosus muscle is primarily 
a shoulder muscle and arises from the superficial fascia of 
the lateral torso and inserts into the humerus with the mm 
pectoralis. Contraction of this muscle usually moves the 

Fig 1. 5x5 cm in size gangrenous wound 
in the right gluteal region (a), despite 
the epithelizing and cicatrizing pomade 
application for 10 days after debridement, 
view of atonic wound (b)



311

GÜLTEKİN, ULUKAN, YEŞİLOVALI
ÖZDEMİR, İNCE, ÖZGENCİL

skin of the side [3,10]. In our case, very slow contraction phase 
was observed in the right gluteal wound after one month 
of treatment. It was thought that slow contraction phase 
in the wound may be related to the absence of panniculus 
carnosus muscle in gluteal area in vervet monkeys. 

Wounds that do not heal beyond the expected normal 
healing process are defined as chronic wounds [4]. Chronic 
wounds generally originats from an underlying problem, 
such as vascular failure, diabetic or pressure ulcers, and 
shows secondary signs such as delayed healing, discolored 
granulation tissue, pocketing of wound base, and wound 
breakdown [11]. Biofilm formation in the chronic wounds is 
one of the causes of delayed wound healing. A planktonic 
bacteria or part of the biofilm, when bound an appropriate 
surface, creates a biofilm and has a different structure 
that is durable to antimicrobials and the host’s immune 
response. Biofilms can affect keratinocytes, fibroblasts 
maturation, expression of pro-inflammatory cytokines, 
matrix metalloproteases, and induction of angiogenesis. 
Furthermore, biofilm bacteria do not cause acute phase 
infl ammation, and may not be detected using conventional 
sampling techniques. The biofilm treatment is more difficult 
and diff erent than the normal wound treatment, therefore, 
it is recommended that a combination of several methods, 
such as systemic and local antibiotic or antiseptics, or 
alternative methods be used. Although the effects of 
systemic and topical antibiotics are limited, they are the 

best option for biofilm and normal wound healing [12]. 
The dexpanthenol is an epithelial agent commonly used 
in wound treatments that stimulates mRNA synthesis, 
fibroblastic activity and stimulates cytokines such as IL-6 
and IL-8 [13]. Similarly, centella asiatica has been reported to 
induce angiogenesis through increased monocyte chemo-
attractant protein-1 (MCP-1) expression and stimulation of 
Vascular endothelial growth factor expression (VEGF-1) [14]. 
In our case, although we use a mixture of 4 pomades that 
it was mentioned their eff ects, epithelization and wound 
size changes were not observed on the 10th day after 
debridement. We thought that the delay in wound healing 
was due to the suppression of the host’s immune response 
by biofilm formation.

Diabetes mellitus (DM) is a progressive disease characterized 
by insulin deficiency and insulin resistance or both, and 
generally the insulin is used in the treatment of DM [15]. 
The wound healing disorder in diabetes can be attributed 
to various factors, such as weak blood supply, reduced 
proliferative potential and low infl ammatory changes [16].
Some burn, surgical incision or diabetic wound animal 
studies were demonstrated that inadequate or non-healing
wounds can be treated with topical insulin application [17-21].
In some studies, it has been observed that insulin changes 
the catabolic metabolism of proteins by providing positive 
effect on nitrogen uptake, amino acid uptake of cells, 
protein and DNA synthesis in local wound healing. It was 
also observed that insulin regulates the use of glucose in 
cells, reduces exudate, bacterial growth, hypoxia at the 
wound site, and increases vascularization, proliferation 
and contraction [5]. Insulin is known to provide wound 
healing through certain growth factors such as Alpha-
smooth muscle actin (α-SMA), Insulin-like growth factor 
(IGF-1), Transforming Growth Factor-β1 [5,21]. It has also been
reported that insulin provides endothelial cell migration 
without the use of the VEGF/VEGFR pathway [5]. In our 
case, despite the use of standard epithelization treatment 
and noobserved infection, we found that there was not 
enough epithelization in the wound. It was observed that 
epithelization started and accelerated after the use of 
insulin pomade. In our case, we thought that insulin pomade 
initiates proliferation and epithelialization by regulating 
glucose level, anabolic protein metabolism and DNA 
synthesis in the wound, using diff erent growth hormone 
pathways and removing possible biofilm formation, in

Fig 2. Appearance of the wound on diff erent days of topical insulin treatment

Fig 3. Appearance of the gluteal region on the 30th day following topical 
insulin therapy was ended
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contrast to the effects of other pomades. In conclusion, as 
in some mammalian studies, we think that topical insulin as 
an option can be used in non-healing wounds of monkeys.
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