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Abstract 

Ban g a H. S., P. P. G u pta, S. P. A h u j a, A. K. 
Sri vas t a va, K. S. Roy: Biochemical Alterations 
in the Blood, Milk and Tissues of Sheep MaDIDary Gland After 
Experimental Mycoplasmal Mastitis. Acta vet. Bmo, 58, 1989: 97-
111. 

To study the biochemical changes in milk, blood plasma and 
udder tissues, during unilateral mycoplasmal mastitis, 7 
lactating sheep were inoCUlated through the right teat canal 
with 2 ml of Mycoplasma mycoides sub sp. mycoides (Ham) 

Large-colony type (LC) culture containing 105colony forming 
units per mI. The left udder halves of all the sheep served 
as controls. One animal was killed at every third day inter
val up to 21 days post-inoculation.All the sheep developed 
clinical mastitis within 24 h after inoculation of Mycoplas 
!!!!, which persisted till the end of the experiment. The to
tal protein , total cholesterol, total phospholipids and free 
fatty acid contents of mastitic milk and mammary secretions 
showed progressive increase, whereas total lipids and gly
cerides decreased substantially. Such resul ts indicate that 
Mycoplasma use lipolytic enzymes to degrade lipids to meet 
the needs o~_energy and for the biosynthesis of membrane lipid 
bilayer during their multiplication. 

Quantitative estimations and histoenzymatic studies revealed 
increased activities of aspartate aminotransferase (Ee 2.6.1.1), 
alanine aminotransferase (Ee 2.6.1.2), acid phosphatase (Ee 
3.1. 3.2) , alkaline phosphatase (Ee 3.1. 3.1), malate dehydro
genase (Ee 1.1.1. 38), lactic dehydrogenase (Ee 1.1.1. 27), 
adenosine triphosphatase (EC 3.6.1.3), and amylase (Ee 3.2.1.1) 
in blood plasma, milk and udder tissues which was partially 
due to increased total leukocyte counts and the Mycoplasma 
organisms. 

Total protein, total cholesterol, phospolipids, free fatty 
acids, glycerides, enzymes, ~ mycoides. 
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It has been reported lP r a sad et al. 1985; M i $,.t i et al. 
1988) that Mycoplasma infection in goat udder produces spontaneous agalactia 
with marked reduction in the size of secretory JDaIIIIIa%'Y tissue and without 
any systemic reaction. Mycoplasma mvcoides sub sp. mycoJ.des (MnIII) 
Large-colony type (LC) has been reported to cause various diseases 
exclusively in goats (D a Mas s a et al. 1983) and infection of sheep 
with this Mycoplasma appears to be rare, especially mastitis in sheep due 
to Mmm LC has not been reported. The p~esent work was therefore undertaken 
to study alterations in milk, blood plasma and udder composition and the 
activities of their enzymes during experimentally produced mycoplasmal 
mastitis in sheep and with a view to assess the pathogenicity of MImI LC 
to lactating sheep udder. 

Materials and Methods 

Seven lactating sheep aged 2.5 to 3 years were observed for 7 days 
preexperimentally. All were found healthy and free of sub-clinical mastitis. 
The total leucocyte count (TLC) of milk varied from 0.25 to 0.35 x 106 ml-1 . 
The milk was free from infectious agents. Two ml of 48h culture of MImI 

LC at third passage level, containing 105 colony forming units (CFU) .ml-1 
was inoculated through the right teat canal into the right half of udder 
of all the 7 sheep and their left halves were inoculated with 2 ml of 
sterile mycoplasma broth to serve as control. Any abnormalities in udder, 
temperature, systemic disturbances and mastitis (assessed by california 
mastitis test and modified Whiteside test) were recorded. Samples of 
milk/maJllJlary secretions were obtained from all the sheep before inoculation 
and at every third day interval up to twentyone days after infection (DAI). 
These were cultured on mycoplasma medium (8 a n e r j e e et al. 1979). 
blood agar and Saboraud s Dextrose agar. Total leucocyte (TLC) of 
milk/JDaJIIIICU'Y secretions and haematological value of sheep were also 
recorded. The pooled milk/JDaJIIIICU'Y secretions were analysed for total 
lipids (F 0 1 c h et al. 1957} , total phospholipids (A m e s 1966), 
total cholesterol (Z 1 a t k i s and Z a k 1969), total free fatty 
acids (L 0 wry and Tin s 1 e y 1976), total glycerides (by 
difference) and total proteins (G 0 rna 1 1 et al. 1949). Estimations 
of various enzymes in milk and udder tissues was done by following the 
methods described by Woo t ton (1964). Blood plasma samples were 
analysed for alanine aminotransferase (ALT) , aspartate aminotransferase 
(AST) , acid phosphatase (ACP) , alkaline phosphatase (ALP), lactic 
dehydrogenase (LDB) , malate dehydrogenase (MOB), adenosine triphosphatase 
(ATPase), amylase and creatinine (W 0 0 t ton 1964). 

The experiment was continued for 21 days. One animal was killed at every 
3rd day interval 1. e. up to twentyone days after infection. Udders and 
their lymph nodes were examined grossly and microscopically. For micro
scopic examination 5 to 6 J.I thick paraffin sections were stained with 
haematoxylin and eosin. Cryostat sections of the udder tissues were used 
for histochemical and histoenzymic studies (B ark a and 
And e r son 1963). 

Results 

Body temperature was increased transitorily from third 
to sixth DAI without affecting the appetite. The infected 
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Fig. 1. Increase in the size of right udd.er half (R) and its correspon~ing 
lymph node 21 days after inoculation with M. mvcoides sub sp. mvco1des 
Large-colony type. 

udder halves of all the 7 sheep were inflammed, hot, tender 
and painful at second DAI and remained enlarged (Fig. 1) 
throughout the experiment. Between day 3 and 21 post 
infection there was a marked decrease in the volume of 
milk/mammary secretions from the right infected halves 
and the secretions were yellowish, thick, turbid with shreds 
of blood and on standing, the proteins settled down as 
aggregates leaving clear whey-like fluid. On the other hand, 
there was only slight change in colour, consistency and 
amount of milk drawn from moninfected left udder halves. 
Mastitis in the right infected halves was severe (Fig. 2) 
from 2nd DAI to 21st DAI. 

The total leucocyte counts of milk from infected halves 
increased from the basal value of 0.30 x 106.me1 to 2.14 x 
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Fig. 2. Right(R)-Hilk from right infected udder half showing severe positive 
reaction with modified Whiteside test. Left(L)-Hilk from left control udder 
half of the same animal was negative for mastitis test. 

x 106.me1 on 3rd DAI, 17.4 x 106.me1 on 6th DAI and 

27.8 x 106.me1 on the 9th DAI. 
Thereafter these· values decreased ~adually (18.8 x 

6 -1 6 -1 6 -1 6 -1 x 10 .ml ,13.1 x 10 .ml ,8.7 x 10 .ml and 2 x 10 .ml 
on 12th, 15th, 18th and 21st DAI, respectively) but 
remained much higher than the basal values. Leucocyte 
counts of milk from noninfected left halves were unaff"ected. 
The total leucocyte counts of blood increased from the basal 
value of 6.4 x 103 .cmm -1 to 12 x 103 .cmm -1 on 15th DAI. 
There was a gradtlal decrease of haemoglobin content also. 

Mmm LC was re-isolated from mammary secretions of all 
the right infected udder halves up till 18th DAI, but not 
from the milk of noninfected udder halves. No bacteria 
or fungal agent was detected in the milk of any sheep 
during the experiment. 

Microscopically, the infected udder halves of sheep kill~d 
on 3rd and 6th DAI showed acute diffuse purulent mastitis 
characterised by marked infiltration of neutrophils in the 
lumina of aCInI (Fig. 3) and vacuolar degeneration of 
epithelial cells lining the acini. The animals killed on 9th, 
12th, 15th, 18th and 21st DAI showed chronic interstitial 
mastitis. Atrophied acini, proliferated fibrous connective 
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Fig. 3. Section of right infected udder half of sheep killed on 3rd day 
after infection showing acute diffuse purulent mastitis characterised by 
marked infiltration of neutrophils in the lumina of acini. H. E. X 300. 

Fig. 4. Section of right udder half of sheep killed on 21st day after 
infection showing chronic mastitis with intense fibrosis replacing the 
glandular parenchyma. H. E. X 70. 
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tissue (Fig. 4) , thickening of interlobular septa, chronic 
galactophoritis with squamous metaplasia of the lining 
epithelium and marked infiltration of lymphocytes were 
observed. The mammary lymph nodes of infected udder 
halves showed reactive lymphadenitis. There was no 
pathological change in the non-infected udder halves and 
their lymph nodes. 

The total protein, total cholesterol, total phospholipids 
and free fatty acid content of mastitic mammary secretions, 
from infected· udder halves increased markedly after infection 
and remained higher than those in the milk from left control 
halves throughout the experiment (Fig. 5). The total lipids 
and glycerides content were decreased s~bstantially 
(Fig. 5). Esterification of cholesterol was higher in mastitic 
milk/mammary secretions from infected udder halves as 
compared to the control left halves. 

In blood plasma, gradual increase in the levels of ALT, 
AST, ALP, ACP, LDH, MDH, ATPase and amylase was 
observed without any appreciable change in the levels of 
creatinine (Fig. 6). In milk, increased activities of AST, 
ALT, ALP, ACP, and ATPase were observed from both 
infected and control udder halves throughout the experiment 
but the increase was more marked iIi the right infected 
halves. There was no Significant change in the amylase 
levels in milk either from the right or left udder halves 
(Fig. 7a). 

The AST, ALT, ACP, ALP, LDH and ATPase increased 
gradually in the tissues of both udder halves after 
inoculation of Mycoplasma but increase in these enzymes 
was more marked (about 2 times) in the right infected halves 
than those in left halv~s (Fig. 7b). Histoenzymic studies 
also revealed increase in the activities of ALP, ACP, LDH 
and succinic dehydrogenase (SDH) in the infected right 
udder halves. 

Discussion 

This study clearly indicated that Mycoplasma mycoides 
sub sp. mycoides (Mmm) Large-colony type (LC) was highly 
pathogenic to sheep udder and. caused mastitis by damaging 
the udder tissue. These effects have been reported to be 
due to binding of Mycoplasma to secretory cells leading 
to their death by peroxide, nucleases and toxic metabolites 
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Fig. 6. Changes in the levels of creatinine and enzymes in blood 
of sheep administered Mycoplasma in the right half of the udder. 

(Cherry and Taylor Robinson 1970). 

The re-isolation of Mmm LC from milk/mammary secretions 
even eighteen DAI confirmed that the mastitis was of 
mycoplasmal origin. The increased TLC in milk and other 
gross and microscopic changes in udder of sheep observed 
in this study were similar to those described in contagious 
agalactia caused by M. agalactiaEl (H e i d ric hand 
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R e n k 1967; Bar - M 0 she and Rap a p p 0 r t 
1978; Cot t e w 1979; Bar ton and Cot t e w 
1980), and in experimental mastitis in sheep caused by 
M. canadense (B a I I and Mac k i e 1986). animal 
ureaplasmas (B a I I and Mac k i e 1985 ab), M. ovi
pneumoniae (J 0 n e 1985) , in goats inoculated with 
M. putrefaciens (A die r et al. 1980), M. agalactiae 
sub sp. bovis (0 j 0 and Ike d e 1976), M. bovi
genitalium (P a I et al. 1983), M. arginini (P r a sad 
et al. 1985), M. mycoides sub sp. capri (M i sri et 
al. 1988) and in cows inoculated with M. bovis (B e nne t 
and J asp e r 1978; M e s z Ii r os ---eta!. 1986). 

The lipid changes indicated increased cellular content 
of mycoplasma, as well as leucocytes and mycoplasmal lipase 
activity in the milk. Cryostat sections stained with 
Oil-Red-O, also showed less neutral lipid in the' infected 
right udder halves. These biochemical and histochemical 
changes are similar to those .reported by Mis r i et 
al. (1988) in caprine experimental mastitis due to M. 
mycoides su b sp. capri. The nonspecific lipase showing 
optimum activity in alkaline pH range has been observed 
in some species of Mycoplasma (S mit h 1979) . The 
increase in cholesterol content indicated hydrolysis of 
cholesterol esters by Mycoplasma for incorporation of 
cholesterol into its own membranes. The presence of sterol 
esterase has also been demonstrated in M. arthritidis, 
M. gallinarum and A. laidlawii (S mit h 1979). Mycoplas
mas are known to require preformed cholesterol (S mit h 
1979), therefore they may depend upon cholesterol present 
in mammary secretions for incorporation into their own 
membranes during their multiplication. The increase in total 
phospholipids and protein content of mastitic milk/mammary 
secretions may be due to higher content of membranous 
material either from Mycoplasma and/or inflammatory cells. 
The latter might also be due to albuminous secretions 
induced by Mycoplasma infection (S c h a I m 1977). 

Although an effect of bacterial mastitis on composition 
of mammary secretions of sheep has been reported 
(A gar w a·l and N a ray nan 1976; Man d a I 
et al. 1977 and Man d a I and R a h e j a 1985) 

yet such information with regard to Mycoplasma-induced 
mastitis in sheep is not available. An increase in free fatty 
acids (R and 0 I p hand E r win, 1974; Man d a I 
et aI., 1977), cholesterol (M and a I and R a h e j a 
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1985), phospholipids (A gar w a I and N a ray nan 
1976) and decrease in total lipids/glycerides (M and a I 
and A h u j a 1985) has been reported after bacterial 
infection. Such reports and findings of Mis r i et ale 
(1988) in experimental mastitis in goats due to M. mycoides 
sub sp. capri, and the results of the present study indicate 
that mastitis due to bacteria or Mycoplasma generally cause 
hydrolysis of milk glycerides and catabolise the released 
fatty acids for their anabolic needs .. 

Increase in the levels of AL T and AST in plasma and 
an appreciable increase in the levels of ACP, in udder 
tissues, blood plasma and milk have been reported to 
indicate acute or chronic tissue damage (W i Iso n 1970). 
Increased activity of ALP enzyme in udder might be due 
to marked aggregation of neutrophils (H 0 r n et ale 
1964; J a i n 1968) and due to damage to udder tissues 
(K a n e k 0 1980). Increased activities of LDH and SDH 
in infected udders indicate increased glycolysis 
(L e h n i n g e r 1982). Bog i n et ale (1976) also 
reported increased activity of LDH in bovine udder tissue 
during acute or chronic mastitis. The increase in amylase 
in . blood plasma, and ATPase levels in plasma and udder 
tissue might have increased to meet the increased demand 
for supply of energy. 

Mycoplasma mycoides sub sp. mycoides Large-colony type, 
although thought to be infective exclusively in goats, was 
found to be highly pathogenic to lactating sheep udder. 
It produced severe mastitis, with extensive damage to 
secretory tissue of udder which led to agalactia. 

Biochemicke zmeny v krevni plazme, mlece a ve tkanich 
mlecne zl8.zy ovci po experimentalni infekci 

Mycoplasma mycoides 

Biochemicke zmeny v krevni plazme, mlece a tkanich mIec
ne zIBzy byly sledovany u 7 laktujicich ovci s unilateralni 
mastitidou, vyvolanou experimentalne aplikaci 2 ml kultury 
Mycoplasma mycoides subsp. mycoides (Mmm) typu velkych 
kolonii (LC) s obsahem 105 bunek schopnych reprodukce 
(CFU) v 1 ml. Kultura M. mycoides byla vpravena do stru
koveho kanalku prave poloviny mlecne zlazy. Jeji leva polo
vina slouzila jako kontrolni. Kazdy 3. den po inokulaci 
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az do '21. dne bylo utraceno 1 ZVlre. U vsech ovd se vyvi
nula klinicka mastitida do 24 h po inokulaci a pretrvavala 
do konce poku su. Koncentrace celkovych bHkovin, celkoveho 
cholesterolu, fosfolipidii a volnych mastnych kyselin v mlece 
(resp. sekretu mlecne zlazy) progresivne stoupala, zatfmco 
koncentrace ce lkovych lipidii a glyceridii vy-razne poklesla. 
Tyto vysledky ukazujf, ze M. mycoides vyuzfva lipolyticke 
enzymy k degradaci lipidii nutnych ke krytf energetickych 
potreb a k synteze lipidove membranove vrstvy behem 
multiplikace zarodkii. 

Kvantitativnf stanovenf a histochemicke studie prokazaly 
vzestup aktivity aspartat-aminotransferazy (EC 2.6.1.1), 
alanin -aminotransferazy (EC 2.6.1. 2), kysele fosfatazy (EC 
3.1.3.2) , alkalicke fosfatazy (EC 3.1.3.1) , malatdehydro
genazy (EC 1.1.1. 38), laktatdehydrogenazy (EC 1.1.1. 27) , 
adenosintrifosfatazy (EC 3.6.1.3) a amylazy (EC 3.2.1.1) 
v krevni plazme, mlece a tkanfch mlecne zlazy zrejme v dii
sledku vzestupu celkoveho poctu leukocytii a zarodkii M. 
mycoides. 

BHOXHMHqeCKHe H3MeHeHHH B KPOBHHOH nna3Me, MonOKe 
H TKaHHX MOnOqHOH Eene3~ OBeu 

nocne 3KcnepHMeHTan~HoH HH~eKUHH 
Mycoplasma mycoides 

Ha6n~neHHH 3a 6HOXHMHqeCKHMH H3MeHeHHHMH B KPOB
HHOH nna3Me, MonOKe H TKaJiHx MOnOqHOH Eene3~ 
npoBO,IlHnHcb Y 7 naKTHpy~mHx OBeu C O,IlHOCTOPOHHHM 
MacTHToM, 3KcnepHMeHTanbHo BbI3BaHHblM npHMeHeHHeM 
2 Mn Kyn~Typ~ Mycoplasma mycoides subsp. mycoides (Mmm) 
THna KpynH~x KonoHHH (LC) C CO,IlepEaHHeM 10Scnoco6-

H~ K BocnpOH3Be,IleHH~ KneTOK (CFU) B 1 Mn. Kynb-
TYPY M. mycoides BBO,IlHnH B KaHan COCKa npaBOH 
nonOBHH~ MOnOqHOH Eene3~. Ee neBaH nonOBHHa 6bIna 
KOHTponbHoH. KaE.IlbIe 3 CYTKH nocne HHOKYJIHUHH ,IlO 
21 CYTOK 6~o YMepWBneHO O,IlHO EHBOTHoe. Y Bcex 
OBeu pa3BHnCH KnHHHqeCKHH MaCTHT ,IlO 24 qaCOB nocne 
HHoKyn~UHH 'H ,IlnHnCH ,IlO KOHua 3KcnepHMeHTa. KOHueH
TpaUHH 06mHX 6enKoB, o6mero xonecTepHHa, ~oc~onH

nH,IlOB H HeCBH3aHHblX EHPH~ KHcnOT B MonOKe ( HnH 
ceKpeTe MOnOqHOH Eene3~e nporpeccHBHo YBenHqHBa
naCb, MeEllY TeM KaK KOHueHTpaUHH 06mHx nHnH,IlOB 
H rnHuepH,IlOB cymecTBeHHo nOHHEanaCb. IIonyqeHHble 
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,Il;aHHble CBH,II;eTenhCTBYIOT 0 TOM, liTO M.:. mycOldes HCnOnh-
3yeT nHnOnHTHQeCKHe 3H3HMbl ,JJ;nR ,Il;erpa,Il;aUHH nHnH
,Il;OB, Heo6xa,nHMblX ,JJ;nR nOKpblTHR paCXO,Il;a 3HeprHH 
H CHHTe3a' nHnH,II;HOrO MeM6paHHOrO cnOR B npOuecce 

MYnhTHnnHKaUHH 3apO,Jl;blWeH. 

KOnHlIeCTBeHHble onpe,Il;eneHHR H rHCTOXHMHlIeCKHe HC-
Cne,Il;OBaHHR BblRBHnH nOBhmeHHe aCnapaT-aMHHOTpaHC-
4lepa3bl (EC 2.6.1.1., anaHHH-aMHHoTpaHc41epa3bl (EC 
2.6.1.2), KHcnoH 4loc41aTa3bl (EC 3.1.3.1), ManaT,II;erH,II;
poreHa3bl (EC 1.1.1. 38), naKTaT,II;erH,II;poreHa3bl (EC 
1.1.1.27), a,Il;eH03HHTpH41oc41aTa3bl (EC 3.6.1.3) H aMHna-
3bl (EC3. 2 .1.1) B KPOBRHOH nna3Me I MonOKe H TKaHRX 
MOnO:tlHOH xcenesbl, BH,II;HMO, B pe3ynh'raTe YBenHlIeHHR 
o6~eH lIHcneHHOCTH neHKoUHTOB H 3apo,Jl;bDIleH M. mycoides. 
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