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Abstract 

Singh A., P. P. Gupta, S. P. Ahuja, H. S. Banga: Biochemical Changes in 
Milk in Experimental Acholeplasmal Mastitis in Goats. Acta vet. Brno, 60, 1991: 
193-203. 

To study the biochemical changes in milk during unilateral acholeplasmal mastitis, 
8 lactating goats were selected, out of which 7 animals were inoculated through the 
right teat canal with 2 ml of Acholeplasma laidlawii containing 109 colony forming 
units per 1 ml. The left udder halves of these 7 goats served as controls and one goat 
was kept as intact control. The effects of infection were monitored over a period of 
19 days. During this period one goat was killed every 3rd day after infection, while 
2 animals were killed on the 19th day, i.e. one experimentally infected and one intact 
control. All the goats infected with A. laidlawii developed clinical mastitis within 24 h, 
which persisted till the end of the experiment. The total protein, total immunoglo
bulins (Ig), total phospholipids and free fatty acid contents of mastitic milk/mam
mary secretions showed progressive increase, whereas total lipids and glycerides 
decreased substantially. However, there was a marginal increase in the total choleste
rol concentration. 

The results indicated that Acholeplasma use lipolytic enzymes to degrade lipids so as 
to meet their needs of energy and for biosynthesis of membrane lipid bilayer during 
multiplication. The increase in milk protein especially Ig indicated humoral immune 
response to A. laidlawii and secretion of Ig into the mammary gland. 

Goats, milk/secretion, total proteins, lipids, cholesterol, FFA, phospholipids, glycerides, 
immunoglobulines 

Acholeplasma laidlawii has been isolated from natural cases of mastitis in association with other 
mycoplasmas. Despite its heterogenous nature in terms of serology, biochemistry and pathogeni
city, A. laidlawii is considered as a saprophyte (Gourlay and Howard 1979). Although Pfutz
ner et al. (1979) described its pathogenicity in natural cases of bovine mastitis, yet its role in pro
ducing mastitis has remained debatable. 

The present work was therefore undertaken to study biochemical alterations in milk/mammary 
secretions during experimentally induced acholeplasmal mastitis in goats and to assess the patho
genicity of A. laidlawii to mammary glands of lactating goats. 

Materials and Methods 

After 7 days of pre-experimental observations, eight 2.5 to 4 years old lactating goats were -found 
to be healthy and fcee from subclinical mastitis. The total leucocyte count (TLC) of milk varied 
from 0.60 to 0.65 x 106 ml-1 • The milk was free from infectious agents. Two ml of 48 h culture of 
A. laidlawii containing 109 colony forming units (CFU) ml-1 was inoculated through the right 
teat canal into the right mammary halves of 7 goats and the control left halves were inoculated 
with 2 ml sterile mycoplasma broth. In addition, one goat was kept as intact control. Any abnor-
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Fig. 1. Right teat and udder half of the goat 
inflamed and swollen, 2 days after ino
culation with Acholeplasma laidlawii. 

Fig. 2. Right teat and udder half of a goat 
markedly atrophied, smaller in size 18 
days after inoculation with A. laidlawii. 

malities in the udder, changes in 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 goats before inoculation and every 3rd day up to 19th day 
after infection (DAI). TLC of milk/mammary secretions and haematological values of all the 
goats were also recorded. The. pooled milk/mammary secretions were analysed for total lipids 
(Folch et al. 1957), total phospholipids (Ames 1966), total cholesterol (Zlatkis and Zak 1969), 
total free fatty acids (Lowry and Tinsley 1976), total glycerides (by difference), total proteins 
(Lowry et al. 1951) and total immunoglobulins (Oser 1955). 

During the 19 days of the experiment, one goat was killed every 3rd day, while 2 goats (one 
goat which was experimentally infected and the other intact control) were killed on 19th DAI. 
Udders and their lymph nodes were examined grossly and microscopically. For microscopic exa
mination 5 to 6 p, thick paraffin sections were stained with haematoxylin and eosin. 

Results 

The appetite and body temperature of the infected goats were not affected 
during the experiment. However .. all the experimental goats developed clinical 
mastitis in their right udder halves.. from next day after inoculation with A. 
laidlawii. The infected udder halves of all the 7 goats were inflamed .. hot .. tender .. 
painful and swollen (Fig. 1) during first 3 DAI. Thereafter .. the size of these 
udder halves decreased and remained smaller (Fig. 2) and more firm in consis
tencyas compared to those of the uninfected ones. Between 2nd DAI and 19th 
DAI .. there was a marked decrease in the volume of milk/mammary secretions 
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Fig. 3. Section of mammary gland showing acute diffuse purulent mastitis 3 days after inoculation 
with A. laidlawii. H.E. x 70 

from right infected halves and the secretions were thin~ flocculent and had a yello
wish tinge. On the other hand~ the amount and consistency of mammary secre
tions/milk drawn from the control left udder halves and both the udder halves 
of the control goat remained unaffected. Mastitis in the right infected halves 
was severe during the experiment. The TLC of milk from infected halves increased 
from the basal value of 0.60 x 106 mI-1 to 13.97 x 106 mI-1 and 17.86 x 106 mI-1 

on 3rd and 6th DAI~ respectively. Thereafter these values decreased gradually 
(10.50 x 106 mI-1 and 5.77 x 106 mI-1 on 9th and 12th DAI~ respectively) and was 
4.80 x 106 mI-1 until 19th DAI~ but remained much higher than the basal values. 
However~ the TLC in mammary secretions from uninfected left udder halves 
and milk from control goat was not affected. 

A. laidlawii was re-isolated only from mammary secretions of all the right 
infected udder halves until 19th DAI. No bacteria~ was detected in the milk of 
any goat during the experiment. 

Mjcroscopically~ the infected udder halves of goats 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 19th DAI 
showed chronic interstitial mastitis characterised by atrophy of acini~ proliferation 
of fibrous connective tissue (Fig. 4)~ thickening of interlobular septa~ pseudolo
bule formation and chronic galactophoritis with calcified corpora amylacea in 
the lumina of lactiferous ducts (Fig. 5). The mammary lymph nodes of the in
fected udder halves showed reactive lymphadenitis. There were no pathological 
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Fig. 4. Section of mammary gland showing chronic mastitis characterized by marked fibrosis and 
atrophy of acini, 15 days after inoculation with A. laidlawii. H. E. x 70 

changes in udder halves and their lymph nodes, both from control and non-infected 
left udder halves of goats. 

The biochemical analysis of pooled milk/mammary secretions from right 
halves, inoculated with A. laidlawii, revealed a substantial increase in total pro
teins, total immunoglobulins, total phospholipids and total free fatty acids, while 
the total lipids and total glycerides showed a considerable decrease. There was, 
however, marginal increase in the level of total cholesterol (Tables 1 & 2 and 
Fig. 6). 

The total protein content of the milk/mammary secretions from the right as 
well as left udder halves was 3.13 g. dl-1 before inoculation. It increased to 
4.11 g dl-1 and 5.29 g dl-1 on 3rd and 6th day post inoculation, respectively, in 
the mammary secretions from· the infected right udder halves. Thereafter the 
protein content decreased gradually but still remained higher than the basal 
values of 3.13 g dl-1 (Table 1). 

The total immunoglobulin content showed a tendency to increase from 0.29 
g dl-1 before inoculation to 0.48 g dl-1 on 19th day PI in the mammary secretions 
of infected right udder halves. However, the total protein and immunoglobulin 
content in the milk of control goat remained unaltered (Table 1). 

The total lipid content of mammary secretions from both udder halves varied 
between 3.83 to 3.85 g dl-1 before inoculation. After inoculation the total lipids 
decreased gradually to 2.40 g dl-1 on 6th DAI in the secretions of infected right 
udder halves. Mter 6th DAI, the total lipids tended to increase up to 3.16 g dl-1 

on 19th DAI (Table 2 and Fig. 6). 
The total glyceride content of the mammary secretions of infected right udder 

halves also decreased gradually from 3.65 g dl-1 before inoculation to 1.91 g dl-1 
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on 6th DAI. It then increased gradually to 2.92 g dl-I on 19th DAI.The levels 
of total lipids and glycerides in the milk of the control goat remained almost 
unaffected (Table 2 and Fig. 6). 

The total phospolipid content in the mammary secretion of infected right 
udder halves increased significantly from 66.0 mg dl-I before inoculation to 
172.8 mg dl-I on 6th DAI. 

The free fatty acid content also showed a significant increase from 64.0 mg dl-I 

before inoculation to 255.9 mg dl-I on 6th day post infection in the secretions 
of infected right udder halves. However, the levels of total phospholipids and 
free fatty acids tended to decline thereafter upto 19th DAI but the values remained 
much higher than the basal values. The total phospholipids and free fatty acid 
content in the milk of uninfected left udder halves did not show any significant 
change (Table 2 and Fig. 6). 

The total cholesterol content in the mammary secretions of infected right udder 
halves increased marginally from 40.0 mg dl-I before inoculation to 65.4 mg dl-I 

on 6th DAI and thereafter it decreased to 47.0 mg dl- I on 19th DAI. However, 
no significant change in cholesterol content was observed in the uninfected left 
udder halves and in milk of control goat. 

Discussion 

This study clearly indicated that A. laidlawii was pathogenic to goat udder and 
caused mastitis by damaging the mammary secretory tissue. These effects have 
been reported to be due to binding of Acholeplasma to secretory cells, leading 

Fig. 5. Chronic mastitis with chronic galactophritis and calcified corpora amylacea in the lumen 
of lactiferous duct 18 days after inoculation with A. laidlawii. H.B. X 70 
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to their death as a result of local conc.!ntration of toxic and acidic metabolites H20 2 
and also due to formation of various hydrolytic enzymes by acholeplasmas (Razin 
1978). 

The re-isolation of A. laidlawii from milk/mammary secretions even on 19th 
DAI confirmed that mastitis was of acholeplasmal origin. The increased TLC in 
milk and other gross and microscopic changes in udder of goats observed during 
this study were similar to those described after experimental A.laidlawii infection 
in cows (Bachvarova 1979;/Pal et al. 1982,1983; Pfutzner et a1.1979; Seffner 
et a1. 1983) and in ewes (J ones 1985). Almost similar but more pronounced changes 
have been observed after experimental mycoplasmal mastitis in goats due to M. pu
trefaciens (Adler et a1. 1980), M. agalactiae subsp. bovis (Ojo and Ikede 1976), 
M. bovigenitalium (Pal et a1. 1983), M. arginini (Prased et al. 1985) and M. mycoi
des subsp. capri (Misri et a1. 1988) and in experimental mastitis in sheep caused 
by M. canadense (Ball and Mackie 1986) and due to M. mycoides subsp. mycoides 
(LC type) (Banga et al. 1989) and in cows inoculated with M. bovis (Bennet and 
J as per 1978; Meszaros et a1. 1986). 

The lipid profile of mammary secretions indicated increased cellular content 
due to multiplication of acholeplasmas and higher number of leucocytes. It also 
indicated acholeplasmal lipase activity in the milk/mammary secretions of ino
culated udder halves. These changes are similar to those reported by Ragab 
et a1. (1987), Misri eta a1. (1988) and Banga et al. (1989) in experimental mycQ
plasmal mastitis in cattle, goats and sheep due to M. bovigenitalt'um, M. mycoides 
subsp. capri and M. mycoides subsp. mycoides (LC type), respectively. The nonspe
cific lipase, showing optimum activity in alkaline pH range has been observed in 
some species of Mycoplasma (Smith 1979). The moderate increase in cholesterol 
level in mastitic mammary secretions may be due to the fact that A. laidlawii mem
branes contributed lesser amounts of cholesterol into mammary secretions, as it is 
known that A. laidlawii as compared to mycoplasmas have lower concentration 
of cholesterol in their membrane. In mycoplasmal mastitis the increased choles
terol is due to hydrolysis of cholesterol esters by Mycoplasma. The presence of 
sterol esterase has also been demonstrated in M. arthritidis, M. gallinarum and 

. A. laidlawii (Smith 1979). The increase in total phospholipids content may be 
due to higher cellular contents of leucocytes, A. laidlawii and degenerating mam
mary cells in the mammary secretions. The presence of acyl COA: glycerophospha
te transacylase, synthesising phosphatidic acid, the precursor of membrane phos
pholipids, has been demonstrated in A. laidlawii (Razin 1978). The increase in 
level of total proteins in mastitic mammary secretions may also be due to increased 
infiltration of cellular contents, multiplication of A. laidlawii and due to passage 
of mucilagenous secretions and albumin to milk as a result of increased capillary 
permeability due to mastitis (Schalm 1977). The increase in the levels ofimmuno
globulins could be due to immunoglobulins produced locally as a result of increa
sed infiltration oflymphocytes or by pouring of imunoglobulins from blood stream. 
These findings are in accordance with findings of Schalm (1977) and Nolcross 
(1982). Similar increase in the levels of immunoglobulins has also been reported 
in infected udder halves of ewes after experimental M. mycoides subsp. mycoides 
(LC type) (Singh 1988). 

The decrease in total lipids and glycerides indicates increased lipolysis due to 
lipase action of A.laidlawii. The presence of sterol esterase which hydrolyses sterol 
esters of short chain fatty acids has been demonstrated in A. laidlawii (Smith 
1979). 
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: The observations reported h~e and'the findings of Ragab et al. (1987), Misd 
et al. (1988) and Banga eta al. (1989) in experimental mycoplasmalmutitis due, 
to M. bovigenitalium, M. mycoUiessubsp~ capri and M.mycoides subsp. mycoides 
(LC type) in cattle, goats and sheep; respecti~ely, indicate that mastitis due to 
Mycoplasma and Achbleplasma generally cause hydrolysis of glycerides in milk: 
and catabolise the released fatty acids for their anabolic needs. .' 

Although A.laidlarDii is considered to be a surface 'parasite, it was found to be 
pathogenic to lactating goat udder because it produced severe mastitis, severely' 
damaged the manunary secretory tissue which led to, agalactia and caused remar-' 
kable biochemical alterations in composition of milk. 

Biochemicke zmeny v mlece pH experimeJ)t8lni mastitide koz ~olane 
Acholeplasma laidlawii 

Pro studium bi<x:henrlckjch zmeIi v mlece bylo 7 laktujicim kozam unilatenilne 
inokulovano pravjm strukovjm kanalkem 2ml kultury Acholeplasma laidlamii 
obsahujici 109 zivotaschopnych bunek (colony forming units - CFU) v 1 ml. Leva 
polovina mlecne,ilazy. techto 7- zvifat slouiila jako kontt:olni a osma laktujici koza, 
byla pouZita jako kontrola intaktni.UCinekihfekce byl sledovan po 19 dnii. KaZdy 
tfeti den po infekcibylo utraceno 1 zvife a 19. dne i in~kontrola. Vsechna 
zvifata infikovana 4. laitllawii jevila do 24 h po infekci pfizoakY klinicke mutitidy, 
ktera pfetrvavala aZ do konce pokusu. Mllozstvi·celkovjch proteinii, celkoveimu
noglobuliny '(Ig}, fosfolipidy a volne mastne kyse1iny v mlece/sekretu mlecne zlazy 
postiZene . mutitidou, vykazovala progresivnf Vzesttip; zatimco koncentrace celko
vYcl1lipidii a glyc~dii podstatne poklesla. Koncentrace celkoveho cholestetolu 
jevila J;lla1yvzestUp.,;(:~ '. " , 

Vysledky naznaouji, Ze A. laidlawii vyuZiva lipolyticke.enzymy k degradaci li-, 
pidii·nutneipto kryti vlastnich ellergetickjch potfeb a pro biosyntezu membrinove 
lipidove dvojite vrstyy behem multiplikace. Vzestup koncetrace mlecnych protemii, 
zejmena Ig, svedcfobumorlilni intunitni:Ddpov~ na infekci A. laidlawii a sekreaci 
Ig: do mlecne zlazy. c,,: , 

6HOXHMHQeCKHe M3M8H8HHJI MonOKa npH 3Kcn8pHM8HTanbHOM M8CTHT8 
K03, Bbl3BaHHOM ACl;loleplasma laldlawH 

C ~enblO H3Y4eHHSI 6HoxHMH4ecKHx .. H3MeHeHHH MonOKa ceMH naKT.:.t
pylO~I1M K03aM O,qiiOCTOPOHHO HHOKYJl':lPOBanH npaBblM KaHanbJ..leM COCKlf 
BbIM,eHH 2 Mn ~y~bTYPbl Acholeplasma laidlawii, co,qep)I(a~eH 109 )1(1013-, 
Hecnoco6HbiX KneTOK [colony forming units - CFU) Ha. 1 Mn. /leBaSi 
nonOBHHa Mono4HoM )l(ene3bl ynoMSlHYTblX 7 )l(HBOTHbIX CTana KOHTponbHoH 
':' B.OCbMaSi .naKTHpylO~aSl K03a - HHTaKTHaSi - 6blna Hcnonb30BaHa B Ka-. 
lIe,CTBe conOCTaBneHHJI. Ha6nlOAeHHSI 3a B03,qeHcTBHeM HH<peK~HH,BenH 
B Te4eHHe 19 CYTfl.K. Ha TpeTbH CyrKH HH$eK~HH yMep~BnSlnH 1 )l(HBOTHOe 
H Ha 19 CyTKH - HHTaKTHylOnaKTHpylO~ylO K03y. V Bcex HH$H~HpOBaH
HblX A. latdlawl1, 6blnH,qo 1 CyrOK nocne HH$eK~HH BblSlBneHbl npH3Ha-, 
K.:.tKnHHH4~cKoro MaCTJona, HMelO~ero MeCTO AO KOH~a 3KcnepHMeHTa •. KcF 
nH4eCTBO 06~HX npoTeHHoB, o6~He HMMYHorno6ynHHbi [Ig), ;Q>oC$OnM-



nHAbl H HeCBSl3aHHble .lKHpHble KHCnOTbl B MOnOKe/CeKpeTe nOpalKeHHOH 
MaCTHTOM MOn04HOH lKene3bl npOrpeCCHBHO' YBenH4HBanOCb, MelKA'V TeM 
KaK KOHlleHTpallHSI 06LQHX nHnHAOB H rnHllepHAoB' CYLQeCTBeHHO nOHHlKa
naCb. KOHlleHTpallHSI o6LQero XOneCTepHHa' He3Ha4HTenbHO nOBblWanaCb. 

Pe3ynbT8Tbi CBHAeTenbCTBYJOT 0 TOM, 4TO A.laidlawii Hcnonb3yeT 
nHnOnHTH4eCKHe 3H3HMbi AnSI AerpaA811HH nHnHAoB, Heo6xOAHMbiX AnSI 
B03MeLQeHHSI co6cTBeHHbix 3HepreTH4eCKHx nOTpe6HOCTeH .H AnSI 6HOCHH
Te3a MeM6paHHoro nHnHAHoro cnoSi B xOAe' MynbTHnnHKallHH. YBenH4eHHe 
KOHlleHTpallHH Mon04HblX npoTeHHOB, B oco6eHHOCTH HMMYHorno6ynHHoB, 
cBHAeTenbcTByeT 0 rYMopanbHOM HMMYHHTeTHoM OTBeTe Ha HH$eKllHIO 
A. laidlawii H ceKpellHH HMMYHorno6ynHHoB B Mono4HYlO lKene3Y. 
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