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Abstract

Banga H.S., P.P. Gupta, S.P. Ahuja, A.K.
Srivastava, K.S. Roy: Biochemical Alterations
in the Blood, Milk and Tissues of Sheep Mammary Gland After
Experimental Mycoplasmal Mastitis. Acta vet. Brno, 58, 1989:97-
111.

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

Large-colony type (LC) culture containing 10~ colony forming
units per ml. 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
ma, 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 1lipids and gly-
cerides decreased substantially. Such results indicate that
Mycoplasma use lipolytic enzymes to degrade lipids to meet
the needs of energy and for the biosynthesis of membrane 1ipid
bilayer during their multiplication.

Quantitative estimations and histoenzymatic studies revealed
increased activities of aspartate aminotransferase (EC 2.6.1.1),
alanine aminotransferase (EC 2.6.1.2), acid phosphatase (EC
3.1.3.2), alkaline phosphatase (EC 3.1.3.1), malate dehydro-
genase (EC 1.1.1.38), lactic dehydrogenase (EC 1.1.1.27),
adenosine triphosphatase (EC 3.6.1.3), and amylase (EC 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, glvcerides, enzymes, M. mycoides.
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It has been reported (Prasad et al. 1985; Mis.ri et al.
1988) that Mycoplasma infection in goat udder produces spontaneous agalactia
with marked reduction in the size of secretory mammary tissue and without
any systemic reaction. Mycoplasma mycoides sub sp. mycoides (Mmm)
Large-colony type (LC) has been reported to cause various diseases
exclusively in goats (DaMassa 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 present 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 Mmm 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 Mmm

LC at third passage level, containing 105 colony forming units (CFU).ml-:l
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/mammary 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 (Baner jee et al. 1979),
blood agar and Saboraud s Dextrose agar. Total leucocyte (TLC) of
milk/mammary secretions and haematological value of sheep were also
recorded. The pooled milk/mammary secretions were analysed for total
lipids (Folch et al. 1957), total phospholipids (Ame s 1966),
total cholesterol (Zlatkis and Z ak 1969), total free fatty
acids (Lowry and Tinsley 1976), total glycerides (by
difference) and total proteins (Gornall et al. 1949). Estimations
of various enzymes in milk and udder tissues was done hy following the
methods described by Woot t on (1964). Blood plasma samples were
analysed for alanine aminotransferase (ALT), aspartate aminotransferase
(AST), acid phosphatase (ACP), alkaline phosphatase (ALP), lactic
dehydrogenase (LDH), malate dehydrogenase (MDH), adenosine triphosphatase
(ATPase), amylase and creatinine (Wo ot t on 1964).

The experiment was continued for 21 days. One animal was killed at every
3rd day interval i.e. up to twentyone days after infection. Udders and
their 1lymph nodes were examined grossly and microscopically. For micro-
scopic examination 5 to 6 Y thick paraffin sections were stained with
haematoxylin and eosin. Cryostat sections of the udder tissues were used
for histochemical and histoenzymic studies (Barka and
Anderson 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 udder half (R) and its corresponding
lymph node 21 days afteér inoculation with M. mycoides sub sp. mycoides
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 andon 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.ml.1 to 2.14 x
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Fig. 2. Right(R)-Milk from right infected udder half showing severe positive
reaction with modified Whiteside test. Left(L)-Milk from left control udder
half of the same animal was negative for mastitis test.

6 1 6 1

x 10°.ml"" on 3rd DAI, 17.4 x 10°.ml~

27.8 x 106.m™! on the 9th DAL
Thereafter these values decreased gradually (18.8 x
x 108 m™, 13.1 x 10%.m™, 8.7 x 105.m7! ana 2 x 105.m}
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 unaffected.
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 gradual decrease of haemoglobin content also.

on 6th DAI and

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 killed
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 f1bros:|.s 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 substantially
(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 in 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 halves (Fig. 7Tb). 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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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. agalactite (Heidrich and
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Renk 1967; Bar-Moshe and Rapapport
1978; Cottew 1979; Barton and Cottew
1980), and in experimental mastitis in sheep caused by
M. canadense (Ball and Mackie 1986), animal
ureaplasmas (B all and Mackie 198 ab), M. ovi-
pneumoniae (Jone 1985), in goats inoculated with
M. putrefaciens (A dler et al. 1980), M. agalactiae
sub sp. bovis (O jo and ITkede 1976), M. Dbovi-
genitalium (P al et al. 1983), M. arginini (Prasad
et al. 1985), M. mycoides sub sp. capri (Misri et
al. 1988) and in cows inoculated with M. bovis (Bennet
and Jasper 1978; Meszaros etal. 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-0O, also showed less neutral lipid in the infected
right udder halves. These biochemical and histochemical
changes are similar to those reported by Misri et
al. (1988) in caprine experimental mastitis due to M.
mycoides sub sp. capri. The nonspecific lipase showing
optimum activity in alkaline pH range has been observed
in some species of Mycoplasma (S mith 1979). The
increase in cholesteroi 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 alm 1977).

Although an effect of bacterial mastitis on composition
of mammary secretions of sheep has been reported
(Agarwal and Naraynan 1976; Mandal

et al. 1977 and Mandal and Raheja 1985)
yet such information with regard to Mycoplasma-induced
mastitis in sheep is not available. An increase in free fatty
acids (Randolph and Erwin, 1974; Mandal
et al., 1977), cholesterol (Mandal and Raheja
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1985), phospholipids (A garwal and Naraynan
1976) and decrease in total lipids/glycerides (M an d al
and Ahuja 1985) has been reported after bacterial
infection. Such reports and findings of Misri et al.
(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 ALT 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 (Wils on 1970).
Increased activity of ALP enzyme in udder might be due
to marked aggregation of neutrophils (Horn et al.
1964; Jain 1968) and due to damage to udder tissues
(Kaneko 1980). Increased activities of LDH and SDH
in infected udders indicate increased glycolysis
(Lehninger 1982). Bogin et al. (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.

Biochemické zmény v krevni plazmé, mléce a ve tkéanich
mlééné Zldzy ovci po experimentdlni infekci
Mycoplasma mycoides

Biochemické zmény v krevni plazmé, mléce a tkdnich mléc-
né Zlazy byly sledovany u 7 laktujicich ovel s unilaterdlni
mastitidou, vyvolanou experimentédlné aplikaci 2 ml kultury
Mycoplasma mycoides subsp. mycoides (Mmm) typu velkych

kolonii (LC) s obsahem 10° bunék schopnych reprodukce
(CFU) v 1 ml. Kultura M. mycoides byla vpravena do stru-
kového kandlku pravé poloviny mlééné Zlazy. Jeji leva polo-
vina slouZila jako kontrolni. KaZidy 3. den po inokulaci
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aZ do "21. dne bylo utraceno 1 zvire. U vsech ovci se vyvi-
nula klinickd mastitida do 24 h po inokulaci a pretrvavala
do konce poku su. Koncentrace celkovych bilkovin, celkového
cholesterolu, fosfolipidi a volnych mastnych kyselin v mléce
(resp. sekretu mlééné Zlazy) progresivné stoupala, zatimco
koncentrace ce lkovych lipidi a glyceridi vyrazné poklesla.
Tyto vysledky ukazuji, Ze M. mycoides vyuZiva lipolytické
enzymy Kk degradaci lipidi nutnych ke kryti energetickych
potreb a k syntéze lipidové membrédnové vrstvy béhem
multiplikace zérodku.

Kvantitativni stanoveni a histochemické studie prokézaly
vzestup aktivity aspartat-aminotransferdzy (EC 2.6.1.1),
alanin-aminotransferazy (EC 2.6.1.2), kyselé fosfatazy (EC
3.1.3.2), alkalické fosfatazy (EC 3.1.3.1), maldatdehydro-
genazy (EC 1.1.1.38), laktdtdehydrogenazy (EC 1.1.1.27),
adenosintrifosfatazy (EC 3.6.1.3) a amylazy (EC 3.2.1.1)
v krevni plazmé, mléce a tkadnich mlééné zZlazy ziejmé v da-
sledku vzestupu celkového poctu leukocytli a zdrodki M.
mycoides.

BHOXHMHUECKHE H3MEeHEHHS B KPOBSIHOH IIJIa3Me, MOJIOKe
M TKAHSAX MOJIOYHOH XeJie3nl OBel]
IocJIe 3KCIIepHMeHTaJIbIHON HHPEeKLHH
Mycoplasma mycoides

HabJmiomeHUss 3a O6HOXHMHYECKHMMHM H3MEeHEeHMSAMH B KpPOB-
SIHOH fma3sMe , MOJIOKE M TKAaHSIX MOJIOYHOM XeJie3kl
NPOBOOMJINCL Y 7 JNAKTHPYOIHUX OBEL C OOHOCTOPOHHUM
MacTHTOM, 3KCIIepHUMEeHTAaJIbHO BbI3BAaHHBIM IIPUMEHEHHEM
2 M KyJIBITYpel Mycoplasma mycoides subsp. mycoides (Mmm)

TUNa KpynHelXx konoHHH (LC) ¢ comepxaHueM 10~ crnoco6-
HeIX K BOCIIpOH3BeneHui kJjletok (CFU) B 1 mi. Kynb-
Typy M. mycoides BBOIOHIIH B KaHaJlT CcocKa ImpaBoH
IMOJIOBHUHBl MOJIOYHOH xXeJjie3bl. Ee JieBas MNOJIOBHHA 6bUIa
KOHTpONbHON. Kaxnele 3 CYTKH TIIOCJIe HHOKYJISLIHH IO
21 cyTok 6bUIO YMEPUBJIEHO OOHO XHBOTHoOE. Y Bcex
OoBell Ppa3BHJICA KJIMHHYECKHH MACTHT HOo 24 4YacoB MNocje
HMHOKYJISUMK M IUIHJICS OO KOHILIA 3KCIepHMeHTa. KOHLleH-
Tpaluusa o6mux 6eskKoB, obllero xoyecTepHHa, ¢docoonu-
MUOOB H. HECBSI3aHHBIX XHUPHbIX KHCJIOT B MOJIOKe (HIIM
cexkpeTe MOJIOUHON XeJie3hlé IPOrPEeCCHUBHO YBeJIMYHBa-
Jlacb, MexXxOoy TEeM KAaK KOHUEeHTpaluusa Oob6mHX JIMIHIOOB
M TJIHLEepHOOB CYIWEeCTBEHHO IIOHHXAaJlack. IloJslyueHHble
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IaHHbBle CBUOETEJIbLCTBYOT O TOM, UTO M. mycoides HCIOJIb-
3yeT JIMMNOJIMTUYECKHEe SH3UMB Ui »Oerpajauuy JIMIH-
IOOB, HeOO6GXOONMMBIX IUIS TOKPBITHS pacxona 3SHEepruu
U CHHTe3a JIMIIMOHOTO MEeMBpPaAaHHOro CJIoAd B Mpollecce
MYNbTHIUIMKALKKY 3aponblleH .

KonuuecTBEeHHBIe ONpenesieHHsT M I'MCTOXHUMHYEeCKHe HC-
clleqoBaHUs BBIABHJIM I[IOBBIIEHHE AaclnapaT-aMHHOTpaHC-
¢epasn (EC 2.6.1.1 , anaHMH-aMHHOTpaHCdepasn (EC
2.6.1.2), kucno# pocdarasel (EC 3.1.3.1), wmanarmerun-
poreHasn (EC 1.1.1.38), JlakTaTnoeruoporeHassl (EC
1.1.1.27), aneHosuHTpudocharasw (EC 3.6.1.3) u amuna-
3s1 (EC 3.2.1.1) B KpOBSSHOH IIJIa3Me, MOJIOKE M TKAaHfAX
MOJIOYMHOM XeJie3bl, BHOMMO, B pe3ynbTaTe YBeJINYeHHUs
o6mei YUCJIEHHOCTH JIEHKOLUUTOB M 3aponemer M. mycoides.
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