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Introduction                                                                                      

Mycoplasma bovis is one of the most important 
pathogenic bovine mycoplasma. It is a wall-
less bacterium causing bovine mycoplasmosis, 
showing clinical manifestations in cattle leads to 
economic losses to dairy industries [1]. Antibiotic 
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treatments are not efficacious. It mainly colonizes 
the bovine respiratory mucous membrane [2] and 
has been associated with genital disorders and 
abortions [3] bovine pneumonia, reduction of 
semen fertility [4], arthritis [5], decubiti abscesses 
[6], keratoconjonctivitis [7], otitis [8], poly 
arthritis [9] and mastitis [10]. 

Mycoplasma bovis mastitis is highly contagious, results in a severe milk production drop in 
an affected cow. Mastitis in dairy animals is causing heavy economic losses worldwideby 

loss of milk production, treatment costs and premature culling of chronically infected animals. 
Nanotechnology has the potential to enable revolutionarychanges in near future given drugs 
and vaccines can be more effective in treating and preventing the diseases than current 
technologies, thus reducing cost.Twenty multiparous rabbit does were used after giving birth. 
The aim of study is to evaluate efficiency of antibiotic nanoparticle on induced rabbit mastitis 
infected with M. bovis. Animals were divided into four groups’ five rabbits each: Gp. 1 was a 
control negative group. Gp. 2 is the control positive which was inoculated intraperitoneally 
with freshly prepared 106 cfu M. bovis. Gp. 3 was inoculated intraperitoneally with freshly 
prepared 106 cfu M. bovis for 4 days and then treated with lincospectin antibiotic for 5 days. 
Gp. 4 was inoculated intraperitoneally by freshly prepared 106 cfu M. bovis for 4 days and then 
treated with lincospectin + zinc oxide (ZnO) nanoparticle for 5 days.Animals were sacrificed 
after 2 weeks of experiment and udder tissue samples were collected. Histopathological 
findings, Gp.2, rabbits exhibited histopathological changes in different organs in addition to 
mammary glands causing mastitis. In Gp.3, there were edema, mononuclear cells infiltration 
and mild fibroblastic proliferation in the interstitial tissue of the mammary gland. Moreover, 
some acini were almost devoid of milk secretion. Gp.4, there was mild fibroblastic proliferation 
in the interstitial tissue and little milk secretion in the mammary acini.We concluded that the 
linco-spectin nanoparticle was effective against M. bovis. Furthermore, nanoparticles tagged 
with antibiotics have been shown to increase the antibiotic interaction, and facilitate binding of 
antibiotics to bacteria. ZnO-NPs could be formulated in a suitable treatment of mastitis caused 
by M. bovis in dairy cattle. 
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Lincosamides are broad spectrum antibiotic and 
Linco-spectin is a combination of lincomycin 
and spectinomycin. They are indicated in treating 
serious infections caused by susceptible strains 
of Streptococci, Pneumococci, and Staphylococci 
[11].  They are often used as a supportive 
treatment in preventing chronic respiratory 
disease associated with Mycoplasma and Coliform 
infections in chickens [12].

Several strains of Mycoplasma were found 
to be sensitive to a combination of lincomycin 
spectinomycin-tylosin [13]. A rabbit model 
was used in previous studies to detect the 
mastitogenic potential of a mycoplasma viz, M. 
capricolumcapripneumoniae [14], and also of 
M. canadense [15]. The study on M. canadense 
revealed subacute to chronic histopathological 
reaction in rabbit mammary glands with 
inflammatory response mainly lymphocytic and 
macrophagic [15] where as that of M. capricolum 
capripneumoniae recorded a neutrophilic 
infiltration in acinar lumen and interacinar tissues 
[14].

M.bovis mastitis is highly contagious and 
results in a severe milk production drop in an 
affected cow [16]. Also, causes both sub‐clinical 
and clinical forms of mastitis. Mycoplasma in 
a herd can include: resistant to therapy, involve 
all four quarters/multiple quarters at the same 
time, not painful, cows with fever and off feed, 
rapid decline in milk production, abnormal milk 
that is often brown to tan with flaky sediment 
in watery or serous fluid. Some milk samples 
when allowed to settle may appear to have a 
sandy, granular appearance [17]. Mastitis in dairy 
animals is a multietiological in nature and causing 
heavy economic losses worldwideby loss of milk 
production, treatment costs and premature culling 
of chronically infected animals [10].

Nanotechnology use of materials with 
dimensions on the atomic or molecular scale  
become increasingly utilized for medical 
applications and of great interest as an approach 
to killing or reducing activity of numerous 
microorganisms [18]. The use of nanotechnology 
in medicine has great potential, especially in 
medical microbiology. Nanoparticleshave been 
beneficial due to their antimicrobial effect with 
low toxicity against the host and their ability to 
specific targets[19]. The aim of study is to evaluate 
the efficiency of antibiotic nanoparticle on induced 
rabbit mastitis infected with Mycoplasma bovis. 

Materials and Methods                                                            

Animals 
Twenty multiparous Newzeland rabbit does 

were used after giving birth. The rabbits were 
housed individually in ventilated wire cages at a 
temperature of 23 ± 3°C and humidity at 50–70 %. 
Rabbits were fed pellet feed and offered water ad 
libitum. The experiment was performed according 
to the guidelines of the Institutional Animal Care 
and Use Committee of Cairo University, Egypt.

Inoculated Bacteria 
Mycoplasma bovis was prepared 106 cfu 

of freshly M. bovisprovided from Animal 
Reproduction Research Institute, Agriculture 
Research Center, Giza, Egypt. 

Antibiotic nanoparticles
Zinc oxide nanoparticles were kindly obtained 

from Dr. Abdel Salam Almuhammady Arab 
Center for Nanotechnology, Cairo University. 
Scanning electron microscopy (Hitachi S2150, 
Krefeld, Germany) wasused to image the size and 
morphology of the Zinc oxide nanoparticles.

Experimental design 
Animals were divided into four groups’ five 

rabbits each:

Gp. 1 was a control negative group not inoculated.
Gp. 2 is the control positive group which was 

inoculated intraperitoneally (I/P) for 4 days 
by 1mL of freshly prepared 106 cfu M. bovis 
(Fig. 2).

Gp. 3 was inoculated I/P by 1mL of freshly 
prepared 106 cfu M. bovis for 4 days and then 
treated with 1 ml of lincospectin antibiotic for 
5 days. 

Gp. 4 was inoculated I/P by 1mL of freshly 
prepared 106 cfu M. bovis for 4 days and 
then treated with 1 ml of lincospectin + zinc 
oxide (ZnO) nanoparticles with (8μg/ml)  
concentration for 5 days. 
Animals were sacrificed at the end of the 

experiment after 21days of inoculation and udder 
tissue samples were collected. 

Histopathology
Tissue samples from themammary gland of 

rabbit were collected and fixed in 10% neutral 
formalin buffer. Tissues were then processed by 
paraffin embedding technique and sectioned by 
microtome (Leica 2135, Germany) at 4 µ thick. 
Tissue were examined by light microscope and 
photographed by digital camera (Olympus XC30, 
Tokyo, Japan).
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Fig. 1. Scanning electron microscope images of zinc oxide nanoparticles (ZnO-NPs).

Fig.2. Inoculated I/P by freshly prepared 106 cfu M. bovis.

Results                                                                                

Histopathological findings
Gp.1, the mammary gland demonstrated 

normal histological structure with milk secretion 
in mammary acini in the control group (Fig. 3a).

Gp.2, rabbits inoculated with M. bovis 
exhibited histopathological lesions in different 
organs in addition to mastitis. The liver of rabbit 
demonstrated periportal mononuclear leukocytic 
infiltration and Kupffer cell hyperplasia. In the 
Lungs, the interstitial tissue and alveolar wall 
were infiltrated by mononuclear leukocytes 
together with collapse of some alveoli and 
dilatation of other forming giant alveoli. In the 
kidneys, there were proliferation of glomerular 
cells and glomerular tuft adhesion to Bowman’s 
capsule. In addition, the renal tubular epitheliums 
were swollen with closure of tubular lumen (Fig. 
4a &b).

In Gp.3, inoculated with M. bovis and 
treated with lincospectin antibiotic, there were 
edema, mononuclear cells infiltration and mild 
fibroblastic proliferation in the interstitial tissue of 
the mammary gland. Moreover, some acini were 
almost devoid of milk secretion and also showed 
similar lesion to Gp. 2, (Fig. 3b). 

Gp.4 infected and treated with antibiotic 
combination with zinc oxide (ZnO) nanoparticles, 
there was mild fibroblastic proliferation in the 
interstitial tissue and little milk secretion in the 
mammary acini (Fig. 3c & Fig.5, 6a &b).

Discussion                                                            

Combining antibiotics with nanoparticles 
show great promise for treating a wide variety 
of bacterial and fungal pathogens that are not 
easily killed by routine antimicrobial agents 
[20]. Nanoparticles (NPs) have been shown 
to be a safe and effective alternative therapy 
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Fig.3. a. Gp.2 rabbit inoculated with M. bovis showing normal structure of mammary acini. 
b. Gp.3 inoculated with M. bovis and treated with lincospectin antibiotic showing edema and inflammatory 
cells infiltration in the interstitial tissue of the mammary gland, 
C. Gp.4 inoculated with M. bovis and treated with antibiotic combined with Zinc Oxide nanoparticles 
showing few inflammatory cells infiltration and mild fibroblastic proliferation in the interstitial tissue with 
little milk secretion in the mammary acini.

Fig.4. Gp.2, Mastitic cases after infection with M. bovis.

Fig.5. Gp.4, 3 days after treatment with lincospectin + zinc oxide (ZnO) nanoparticles.
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against common infectious agents without 
driving antibiotic resistance in organisms [21].
Mycoplasma species havebeen documented as an 
isolated pathogen from rabbit reproductive tract 
[22]. M. bovis causing chronic mastitis in dairy 
has becomeincreasingly difficult to treat due to 
the inability ofcurrent antibiotics to effectively 
clear infections [23]. 

 Therefore, this study was performed to 
elucidate the histopathological lesions of M. bovis 
in rabbits in addition to assessing the efficiency 
of antibiotic nanoparticle. Recent studies have 
shown that combining nanoparticles with 
antibiotics not only reduces the toxicity of both 
agents towards bacterial cells by decreasing the 
requirement for high dosages but also enhances 
their bactericidal properties [24]. Combining 
antibiotics with nanoparticles also restores their 
ability to destroy bacteria that have acquired 
resistance to them. The zinc oxide nanoparticles 
(ZnO-NPs) werebroad spectrum bactericidalhave 
a wide range of antimicrobial activity against 
various microorganisms, with low toxicity to 
human cells [25]. It has ability to improve the 
immune system andprevent biofilm formation.
Furthermore, treatment using zinc was approved 
by the FDA and nowadays Zn is available as a 
food additive [26].

The Gp.2 infected with M. bovis demonstrated 
an interstitial mastitis (Fig. 3a& Fig. 4a&b) 
which resembles the lesions caused by M. 
canadense[15]. It was reported that M. canadense 
causes subacute to chronic histopathological 
lesions with lymphocytic and macrophagic cells 
infiltration and moderate fibroblastic proliferation 
[15]. 

In Gp. 3 the use of lincospectin was not effective 
against the bacteria and mastitis was not alleviated 

Fig.6. Gp.4, 5 days after treatment with lincospectin + zinc oxide (ZnO) nanoparticles.

(Fig.3b). Generally mycoplasmas are susceptible 
to antibiotics that affect protein (tetracycline, 
macrolides, Lincosamides, phenicols) or nucleic 
acid synthesis (fluoroquinolones) [27]. However 
antibiotic resistance sometimes develops against 
these antibiotics by the organism causing 
a decrease in the effectiveness of certain 
antimicrobial agents [28].

In Gp.4, infected with M. bovis and treated 
with antibiotic combinations of zinc oxide 
nanoparticles, the histopathological lesions 
were alleviated in which no inflammatory 
cells were recorded however the fibroblastic 
proliferation was still present (Fig.3c). (Fig. 5 
& 6 a &b) demonstrated enhancing influence of 
ZnO nanoparticles on the activity of lincospectin 
against M. bovis. ZnO-NPs also were causing 
destructive oxidative stress to bacterial cells and 
disrupt the metabolic activity of bacterial cells 
and therefore inhibit their growth [29].

Therefore it can be concluded that the linco-
spectin – ZnO nanoparticle was effective against 
M. bovis. Furthermore, nanoparticles tagged 
with antibiotics have been shown to increase 
the concentration of antibiotics at the site of 
bacterium–antibiotic interaction, and to facilitate 
binding of antibiotics to bacteria. 

ZnO-NPs could be formulated in a suitable 
treatment of mastitis caused by M. bovis in dairy 
cattle. However, case-controlled and field efficacy 
studies are needed to evaluate its efficacy and 
safety.

Acknowledgements: We acknowledge all the stuff 
in the Animal Reproduction Research Institute 

Funding statements: Self funding

Conflicts of interest: The authors declare that no 
conflict of interest .



26

Egypt. J. Vet. Sci. (special issue) (2019)

A. FATHI et al.

References                                                                                     

1. Stipkovits, L., M. Rady and Glavits, R. 
Mycoplasmal arthritis and meningitis in calves. 
Acta. Vet. Hung., 41, 73-88(1993).

2. Ter Laak, E.A., Noordergraaf, J.H. and Dieltjes, 
R.P.. Prevalence of mycoplasmas in the 
respiratory tracts of pneumonic calves. Zentralbl. 
Veterinarmed. B, 39, 553-562(1992).

3. Langford, E.V. Mycoplasma species recovered 
from the reproductive tracts of Western Canadian 
cows. Can. J. Comp. Med., 39, 133-138 (1975).

4. Kissi, B., Juhasz, S. and Stipkovits, L. Effect of 
Mycoplasma contamination of bull semen on 
fertilization. Acta Vet. Hung., 33, 107-117(1985).

5. Stipkovits, L., Salyi, G. Glavits, R., and Burch, D. 
G. S.Testing the compatibility of a combination 
of tiamulin/chlortetracycline 1.3 premix given 
in feed at different levels with salinomycin in 
chickens. Avian Pathol., 28,579–586 (1999).

6. Kinde, H., Daft, B.M. Walker, R.L., Charlton, 
B.R. and Petty, R.Mycoplasma bovis associated 
with decubital abscesses in Holstein calves. J. Vet. 
Diagn. Invest., 5,194-197 (1993).

7. Jack, E.J., Moring, J. and Boughton, E.  Isolation 
of Mycoplasma bovis from an outbreak of 
infectious bovine kerato conjunctivitis. Vet. Rec., 
101, 287-287 (1977).

8. Kirby, F.D. and Nicholas, R.A. Isolation of 
Mycoplasma bovis from bullock’s eyes. Vet. Rec., 
138, 552-552 (1996). 

9. Walz, P.H., Mullaney, T.P., Render, J.A., Walker, 
R.D., Mosser, T. and Baker, J.C. Otitis media in 
preweaned Holstein dairy calves in Michigan due 
to Mycoplasma bovis. J. Vet. Diagn. Invest., 9, 
250-254 (1997). 

10. Fox, L.K. Mycoplasma mastitis. causes, 
transmission, and control. Vet. Clin. North Am. 
Food  Anim. Pract., 28 (2),225-37. (2012).

11. Swayne, D.E, Glison, L.R, McDonald, L.R, 
Nolan, L.K, Suarez, D.L and Nair, V. Comparison 
of in-vitro activity of danofloxacin, florfenicol, 
oxytetracycline, spectinomycin and tilmicosin 
against recent field isolates of Mycoplasma 
bovis. Disease of poultry, A John Wiley and Sons 
publication (2013).

12. Tavakkoli1, H., Derakhshanfar, A. and Salandari, 
S. Investigation on the using of linco-spectin 
solution for in ovo administration in chicken 
embryo. International journal of Advanced 
Biological and Biomedical Research , 2 (1),110-
116 (2014).

13. Truscott, R.B and Ruhnke, H.L. The effect of 
antibiotics against bovine mycoplasmas and 
ureaplasmas. Can. J. Comp. Med., 48 (2),171-174 
(1984).

14. Kaur, C, Garg, D. N. and Mahajan, S. K. 
Experimental mastitogenicity of Mycoplasma 
capricolum subsp. capripneumoniae for rabbit 
mammary glands, Indian J. Exp. Biol., 36, 407-
412 (1998).

15. Garg, D.N., Singh, Y., Yadav, R. and Mahajan, 
S. K. Experimental pathogenicity evaluation of 
Mycoplasma canadense from bovine mastitis 
in vitro and in vivo laboratory models. Indian 
Journal of Experimental Biology, 42, 152-156 
(2004).

16. George, L.W, Divers, T.J., Ducharme, N. and 
Welcome, F.L. Diseases of the Teats and Udder, 
Rebhun’s diseases of dairy cattle, 2nd Edition ed. 
Missouri. Elsevier Health Sciences, p. 327–393 
(2007).

17. Kaoud, H. Principals of Veterinary Epidemiology. 
Copyright © 2000 - 2015, Create Space, a DBA of 
On-Demand Publishing, LLC (2015).

18. Justin ,T. S. and Thomas, J. W. Antimicrobial 
applications of nanotechnology. methods and 
literature. Int. J. Nano Medicine, 7, 2767–2781 
(2012).

19. Djurišić, A.B,  Leung, Y.H., Ng, A.M., Xu, 
X.Y., Lee, P.K., Degger, N. and Wu, R.S. Toxicity 
of metal oxide nanoparticles. mechanisms, 
characterization, and avoiding experimental 
artifacts.Small. 7, 11(1), 26-44 (2015).

20. Leid, J., Andrew, J., Ditto, Amanda Knapp, 
Parth, N. Shah ,  Brian, D. Wright, Robyn Blust, 
Lanette Christensen, C. B., Clemons, J. P., Wilber, 
Gerald, W., Young, Ae Gyeong Kang, Matthew, 
J., Panzner, Carolyn, L. Cannon, Yang, H., Yun, 
Wiley, J. Youngs, Nicole, M., Seckinger and Emily, 
K. In vitro antimicrobial studies of silver carbene 
complexes. activity of free and nanoparticle 
carbene formulations against clinical isolates of 



27

Egypt. J. Vet. Sci. (special issue) (2019)

HISTOPATHOLOGICAL CHANGES AFTER TREATMENT OF Mycoplasma bovis …

pathogenic bacteria. J. Antimicrob. Chemother., 
67, 138–148 (2012).

21. Losasso, C., Belluco, S., Cibin, V., Zavagnin, P., 
Mičetić, I., Gallocchio, F., Zanella, M., Bregoli, 
L., Biancotto, G. and Ricci, A.  Antibacterial 
activity of silver nanoparti-cles. Sensitivity of 
different Salmonella serovars. Front. Microbial., 
5, 227-234 (2014).

22. Boucher, S., E. Gracia, A. Villa, A. Fernandez and 
L. Nouaille . Pathogens in the reproductive tract of 
farm rabbits. Vet. Rec., 149, 677-678 (2001).

23. Bax, R., Bywater, R. and Cornaglia, G. 
Surveillance of antimicrobial Resistance—what, 
how and whither? Clin. Microbiol. Infect., 7, 316–
325 (2001).

24. Sahoo, A., Swain, K. and Mishra, K.  Effect of 
inor ganic, organic and nano zinc supplemented 
diets on bio availability and immunity status of 
broilers. Int. J. Adv. Res., 2(11), 828-837 (2014).

25. Reddy, K.M., Feris, K. Bell, J., Wingett, D. G., 
Hanley, C. and Punnoose, A. “Selective toxicity 
of zinc oxide nanoparticles to prokaryotic and 
eukaryotic systems,” Applied Physics Letters, 90, 
21-30, Article ID 213902, 2007.

26. Nurit B., Houri-Haddad, Y. Domb, A. Khan, 
W. and Hazan, R. Alternative Antimicrobial 
Approach. Nano-Antimicrobial Materials. Based 
Complementary and Alternative Medicine 2015, 
1-16 (2015).    Article ID 246012, 16 pages http.//
dx.doi.org/10.1155/2015/246012

27. Maunsell, F.P., Woolums, A.R., Francoz, D., 
Rosenbusch, R.F., Step, D.L., Wilson, D.J. and 
Janzen, E.D. Mycoplasma bovis infections in 
cattle. J. Vet. Intern. Med., 25(4),772-783 (2011) . 
doi. 10.1111/j.1939-1676.2011.0750.x. Epub 2011 
Jul 11.

28. Ayling, R.D., Baker, S.E., Peek, M.L., Simon, A.J. 
and  Nicholas, R.A. Mycoplasma bovis infections 
in cattle. Vet. Rec., 24, 146 (26),745-747 (2000).

29. Alekish, M., Zuhair, B. I., Borhan, A. and Sara, 
Nawasrah. In vitro antibacterial effects of zinc 
oxide nanoparticles on multiple drug-resistant 
strains of Staphylococcus aureus and Escherichia 
coli. An alternative approach for antibacterial 
therapy of mastitis in sheep. Veterinary 
World,11(10), 1428-1432(2018).  EISSN. 2231-
0916.



28

Egypt. J. Vet. Sci. (special issue) (2019)

A. FATHI et al.

التغيرات الهستوباثولوجية فى أناث االرانب المصابة بالميكوبالزما بوفس بعد عالجها 
بجزيئات النانو من أوكسيد الزنك كوسيلة جديدة للعالج.

أحمد فتحى1 ، عبد السالم المحمدى 2 ، منى محمد صبحى3 ، هالة فاروق المنياوى4 و مروة خطاب4
1 وحدة المناعة – معهد بحوث التناسليات الحيوانية – مركز البحوث الزراعية - القاهرة - مصر.

2 المركز العربى للنانوتكنولوجى - القاهرة - مصر.

3 قسم االمراض التناسلية – معهد بحوث التناسليات الحيوانية – مركز البحوث الزراعية - القاهرة - مصر.

4 قسم الباثولوجى – كلية الطب البيطرى – جامعة القاهرة - القاهرة - مصر.

يتسبب ميكروب الميكوبالزما اوفس فى ألتهاب الضرع شديد الضراوة ويؤدي إلى انخفاض حاد في إنتاج الحليب 
في االبقار المصابة. ويسبب خسائر اقتصادية فادحة في جميع أنحاء العالم بسبب فقد إنتاج األلبان وتكاليف العالج 

واإلعدام المبكر للحيوانات المصابة بهذا المرض المزمن.

للبحث  الحالي  الوضع  إلى  بالنظر  القريب  المستقبل  في  التغييرات  أحداث  على  القدرة  النانولديها  وتكنولوجيا 
والتطوير ويمكن أن تكون األدوية واللقاحات التي تعتمد على تقنية النانو أكثر فاعلية في عالج األمراض والقضاء 

عليها أكثر من التقنيات الحالية ، وبالتالي تقليل التكلفة.

وفى التجربة تم استخدام عشرين أرنبة متعددة االجنة بعد الوضع مباشرة.

تم تقسيم أناث االرانب إلى أربع مجموعات لكل مجموعة مكونة من خمس أناث .

1. مجموعة االولى . الضابطة السالبة.

2. المجموعة الثانية. تم حقنها بميكروب الميكوبالزما بوفس 106 بالحقن داخل البطن

الثالثة. تم حقنها بميكروب الميكوبالزما بوفس 106 بالحقن داخل البطن لمدة 4 أيام ثم عالجها  3. المجموعة 
بمضاد اللينكوسبكتين لمدة 5 أيام 

المجموعة الرابعة . تم حقنها بميكروب الميكوبالزما بوفس 106 بالحقن داخل البطن لمدة 4 أيام ثم عالجها بمضاد 
اللينكوسبكتين + جزيئات النانو من أكسيد الزنك بتركيز 8 ميكرون/مللى  لمدة 5 أيام

فى نهاية التجربة تم قتل االرانب وتجميع عينات من االنسجة.

كانت نتيجة الهستوباثولوجى .

فى المجموعة الثانية وجد العديد من التغيرات الباثولوجية فى مختلف االنسجة مع حدوث ألتهاب للضرع

المجموعة الثالثة وجد أوديما و خاليا وحيدة النواة وكذلك خاليا ليمفاوية فى خاليا الضرع والحويصالت خالية 
من افرازات اللبن.

المجموعة الرابعة كان هناك تكاثر خفيف لألورام الليفية في النسيج الخلوى وإفراز قليل من اللبن في الضرع. 

خلصنا إلى أن جسيمات النانو (أوكسيد الزنك) كانت فعالة ضد الميكوبالزما بوفس. عالوة على ذلك ، فقد 
ثبت أن الجسيمات النانوية المخلوطة بالمضادات الحيوية تزيد من تركيز المضادات الحيوية في مكان التفاعل 
بين البكتيريا والمضادات الحيوية ، وتسهل في عالج مناسب اللتهاب الضرع الناجم عن الميكوبالزما بوفس فى 

ابقار االلبان المصابة.


