ACTA VEI. BRNO, 57, 1988: 19-30

BIOCHEMICAL CHANGES IN MILK IN EXPERIMENTAL
: MYCOPLASMAL MASTITIS IN GOATS

JYOTT MISRIY, P. P. GUPTAl, S. P. AHUJAZ

Department of Veterinary Pathology1 and Biochemist:ry2
College of Veterinary Science, Punjab Agricultural University
Ludhiana (India)

Received July 23, 1987

Abstract

Misri J.,, P.P. Gupta, S.P. Ahugja:
Biochemical Changes in Milk in Experimental Mycoplasmal Mastitis
in Goats. Acta vet. Brno, 57, 1988: 19-30. -

To study the biochemical changes in milk during experimental
mycoplasmal mastitis, 11 lactating goats were taken 9nd 2 ml
of Mycoplasma mycoides subsp. capri culture containing 10’ colony
forming units per ml were inoculated through the teat canal into
their right udder halves. The left udder halves of all the goats
inoculated with sterile mycoplasma broth served as control. Three
animals were killed each on third, éighteenth and twenty-fifth
day and two on seventh day post-inoculation. All the goats
developed clinical mastitis within 24 h after inoculation of
Mycoplasma culture, which persisted till the end of the
experiment. The total protein, total cholesterol, total
phospholipids and free fatty acid content of halves of goats
given intra-mammary inoculation of M. mycoides subsp. capri were
progressively increased with the increase in days after
inoculation. On the other hand the total 1lipids and glyceride
content was decreased substantially with the increase in the
postinuculation period. The milk/mammary secretions from the
control and inoculated udder halves after scanning of proteins
fractionated by polyacrylamide gel electrophoresis showed that
the number and proportions of various protein bands were modified

by Mycoplasma infection. :
Milk, biochemical changes, mycoplasmal mastitis, goats, udder.

It has been reported (Pr asad et al. 1985) that Mycoplasma infection
in goat produces sudden drop in milk yield with marked reduction in the
size of the secretory mammary tissue and without systematic reaction. No
work appears to have been done on the composition of milk after Mycoplasma
infection of goat udder. The present work was, therefore, undertaken to
study the qualitative and quantitative changes in lipids and protein in
milk during experimentally produced mycoplasmal mastitis in goats.
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Materials and Methods

Eleven- lactating goats aged from 2,5 to 4 years were kept under observation
for 7 days before starting the experiment. All were found healthy and free
of subclinical mastitis. The total leucocyte count (TLC) of milk ranged from
0.28 to 0.52 x 106 m1~1, No bacteria, Mycoplasma or fungi could be isolated
from milk samples. Two ml of a 48 h culture of M. mycoides subsp. capri,
at seventh passage level, conaining 107 colony forming units ml-1 was i
through the teat canal into the right half of the udder of all the 11 goats.
The left halves of udders of these goats were inoculated with 2 ml of sterile
mycoplasma broth and served as control. The temperature of all goats was
taken daily, and they were examined for development of abnormal changes in
the udder, as well as for any evidence of systemic disturbances and mastitis
as assessed by the California mastitis test (CMT) and the modified whiteside
test. Pre and postinoculation samples of the milk/mammary secretions were
obtained from all the goats on third, seventh, eighteenth and twenty-fifth
day after inoculation and were cultured on mycoplasma medium (Baner‘-
j e e et al. 1979), blood agar and Saboraud s Dextrose agar. Total leucocyte
counts (TLC) of milk/mammary secretions and haematological values of all
the goats were also recorded. Total lipids (Fo 1l c h et al. 1957), total
phospholipids (A me s 1966), total cholesterol (Zlatkis and
Tins11ley 1976), total glycerides (by difference), total proteins
(..o wr y et al. 1951), .and proteins in milk/mammary secretions were
characterized by polyacrylamide gel electrophoresis (PAGE, D a v is 1964),
and they were determined before and after inoculation of Mycoplasma.

The experiment was continued for 25 days. Three animals were killed each
on third, eighteenth and twenty-fifth day and 2 on seventh day after
inoculation. All the organs including udders and mammary lymph nodes, were
examined grossly and microscopically. For microscopic examination, 5 to 6 p
thick paraffin secretions, were stained with haematoxylin and eosin. The
udder tissues and mammary lymph nodes from both halves of each goat were

also cultured for Mycoplasma isolation as described by Baner jee et
al. (1979).

Results

Body temperature and appetite remained unaffected.
The right halves of the udder of all the 11 goats inoculated
with M. mycoides subsp. capri, became, hot, tender and
painful 2 days after being inoculated. Five days Ilater
the halves began to become smaller and by 18 days after
inoculation they were firm and markedly reduced in size
(Fig. 1). Thereafter, these inoculated halves further
became smaller and became more firm until the end of the
experiment. Milk/mammary secretions from these halves
decreased from the third day after infection and from
eighteeenth day these became agalactic as only 2-3 drops
of milk/secretions could be drawn till the end of
experiment. The milk/mammary secretions from the infected
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Fig. 1. Reduction in the size of Fig. 2. Right - Milk from right udder

right half of the udder of goat half ot a goat inoculated with M.
after 18 days of inoculation of mycoides subsp. capri showing

M. mycoides subsp. capri culture precipitation of proteins and clear
supernatant fluid 10 days after
inoculation. Left ~ Normal milk from
left udder half of the same animal.

gland were yellowish, turbid, thick and upon being kept,
the proteins precipitated leaving a clear whey-like
supernatant fluid (Fig. 2). The milk from the left half
of all the udders remained normal. Mastitis in the right
halves was evident within 24 h after inoculation but was
severe from third to the eighteenth day, after which it
subsided, as is evident from the decrease in TLC.

The TLC of milk/mammary secretions from inoculated
halves increased from the basal values of 0.389 x 10° ml™! to

3.84 x 106 mI~! on the third day and 5.90 x 106 ml-1
on the seventh day after inoculation. However, there

was a slight decrease in the TLC of milk on the eighteenth



22

" Fig. 3. Section -of right udder half of goat showing acute diffuse purulent
mastitis after 3 days of inoculation of Mycoplasma . HE x 300.

Fig. 4. Section of right udder half of a goat killed 18 days after ino-
culation of Mycoplasma, showing marked fibrosis in the interlobular septa
and atrophy of the glandular lobules. HE x 70.
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Fig. 5. Higher magnification of Fig. 4 showing marked fibrosis and
infiltration of chronic inflammatory cells in the periacinar connective
tissue leading to the decrease in the size of acini and at places the acini
have been replaced by fibrous tissue. HE x 300.

day (3.10 x 106 ml-1) and on the twentyfifth day (2.50
x 106 ml-1 ) after inoculation. The TLC in milk from
control halves remained unaffected and low.

The TLC of blood increased from the seventh day after
inoculation (10.42 x 103cmm -1 of blood as compared to
the basal value of 8.64 x 103 cmm-1) and reached a
maximum of 12.3 x 103 cmm "1 eleven days later. Other
haematological parameters viz. haemoglobin, differential
leucocyte count did not show any significant change.

M. mycoides subsp. capri was  re-isolated from
milk/mammary secretions, udder tissues and mammary lymph
nodes of all the affected halves at the third, seventh and
eighteenth day after inoculation, whereas it was not isolated
from the milk, udder tissues and mammary lymph nodes
of left halves infused with sterile mycoplasma broth. No
bacterial or fungal agent was isolated from milk/mammary
secretions of any goat during the experiment.

Microscopically, right udder halves of all the animals
killed on days 3 and 7 after inoculation showed acute
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diffuse purulent = mastitis, characterized by marked

infiltration of neutrophlls in the lumina of acini and

vacuolar degeneration in epithelial cells lining the acini

(Fig. 3). The left udder halves of these animals .did not

show any -abnormal changes and contained normal milk. -
Eighteen  days after inoculation, the right udder halves.
showed chronic interstitial mastitis with marked fibrosis

in' the interlobular septa and periacinar interstitial tissue

leading to the thickening of interlobular septa and decrease

in the size of lobules (Fig. 4). The lobules were subdivided

into pseudolobules by penetrating fibrous connective

tissues. There was a marked decrease in size of acini

with periacinar fibrosis and at places the acini were

replaced by fibrous tissue. There was a marked infiltration

of chronic inflammatory cells in the interstitial tissue (Fig.

5). Twenty-five days after inoculation the changes in

the right udder halves were more severe and chronic than

those observed at day 18 after inoculation. The left udder

halves of these animals did not show any pathological

change.

The total protem, total cholesterol, total phospholipids
and free fatty acid content of mastitic milk/mammary
secretions, from the udder halves of goats given intrammary
infusion of Mycoplasma mycoides subsp. capri were
progressively increased significantly with time after
inoculation. The total lipids and glyceride content was
dereased substantially with the increased length of the
post-inoculation period (Table 1).

Total lipids in mastitic milk/mammary secretions were
reduced significantly and ranged from 2.77 to 4.9f g dl-1
as compared to 5.05 + 0.08 g dl™! in normal milk. Total
protein’ content in mastitic milk/ mammary secretlons was
increased and ranged from 2.61 to 6.19 g dl ! as compared
to that of normal value of 2.72 + 0.24 g dl -1 The
glyceride content was decreased in the - mastitic
mllk/mammary secretions and ranged from 2.24 to 4.89
g d! as compared to that of normal values of 4.97 +
0.08 g.dl"! total cholesterol content increased in mastitic
mllk/mammary secretion and varied from 38.7 to 218 mg
dl'! as compared to the normal value of 36.6 + 1.28 mg
di? ‘

Total phosphohpld content obtamed from - mastitic
milk /mammary - secreuon‘s' was increased and varied from
3.0 to 18.0 mg dl™! as compared to that of normal value




26

of 3.11 + 0.3 mg dl’'. The free fatty acids content
in mastitic milk/mammary secretlons was increased and varied
between 30 to 307 mg dl™* as compared to the normal
value of 33.2 + 2.93 mg dl™'. All the biochemical changes
produced in mammary secretions after 1noculat10n, were
significant at 5 per cent level (Table 1).

The number of proteins fractionated by PAGE were 5
in control milk. Their molecular weights ranged from 10
Kd to about 240 Kd as determined from the relative
mobilities. The mastitic milk/mammary secretions collected
on days 1, 2, 3, 7, 11, 13, 16, 18 and 25 after Mycoplasma
inoculation showed 6 to 12 protein bands some of which
were of different molecular weights than those in the control
milk (Fig. 6). The milk/secretions respectively from control
and inoculated wudder half 25 days post inoculation,
fractionated by PAGE and then scanned by densitometry
(Fig. 6) showed that the proportions of high molecular
weight of various  proteins was decreased by
Mycoplasma infection (Fig. 6) and the number and
proportions of relatively low molecular weight proteins was
increased.

Discussion

The re-isolation of M. mycoides subsp. capri from the
mammary secretions even on the 18th day post-inoculation
confirmed that the mastitis was of mycoplasmal origin. The
increased TLC and cessation of mammary secretions of goats
after inoculation with M. mycoides subsp. capri are similar
to those described in contagious agalactia caused by M.
agalactiae (H e i d r i ch and R e nk 1967; Bar
-Moshe and Rapapport 1978; C o tte
w 1979; B arton and Cottew 1980), M.
putrefaciens mastitis in" goats (A d-1 e r et al. 1980)
and M. bovis mastitis in cows (R u h n k e et al. 1976).
Above observations are also similar to the flndlngs in goats
inoculated with M. agalactiae subsp. bovis (O j o and
I kede 1976), M. bovigenitalium (P a P al etal. 1983),
M. arginini (P r as ad etal. 1985) and in cows
inoculated with M. bovis mastitis (Bennett and
Jasper 1978)

The increase in total protein, cholesterol, phospoholipids
and free fatty acid content of mllk/mammary secretions
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Fig. 6. PAGE scan pattern of the control goat milk and mastitic mammary
secretion (25th day) showing proportions and nature of each protein

from the goats given intrammary inoculation of M. mycoides
subsp. capri and decreased total lipid and glyceride content
respectively indicated increased cellular contents, and lipase
activity due to the presence of Mycoplasma. The presence
of non-specific lipase, capable of hydrolysis of glycerides,
fatty acid esters has been reported in some species of
Mycoplasma (S mi t h 1979).

The increase in cholesterol content indicated that
Mycoplasma hydrolyses cholesterol esters, but does not
catabolize cholesterol, and retains the cholesterol for
biosynthesis of its own membranes. S m i t h (1979) also
demonstrated the presence of cholesterol esters in = M.
arthritidis, M. gallinarum and A. laidlawii. Mycoplasmas
are known to require preformed cholesterol for their growth
(S m i t h 1979), therefore, the cholesterol present in
the mammary secretions may be used by these organisms
for formation of their membranes and for their multiplication.
The increase in total phospholipids and the protein content
of mastitic milk/mammary secretions from the right inoculated
udder halves of the goats supported these conclusions,
viz. production of higher content of membranous material
of the Mycoplasma. The higher levels of these constituents
may also be due to the presence of membranes of the
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lymphoid cells whose numbers were increased. It may also
be due to the mucilaginous secretions induced by Mycoplasma
infection.

Comparison of the PAGE pattern (Fig. 6) of the control
milk and the mastitic mammary secretions from the inoculated
udder halves indicated the presence of additional protein
bands, both of low and very high molecular weights which
are not present in normal milk. These additional proteins
most probably originate from the Mycoplasma organisms
and also from the mycoplasmal degradation of milk protein
as these are absent in normal milk. The presence of some
of the proteins of electrophoretic mobilities similar to
additional proteins detected during their studies have been
reported by R a z in (1979) in membranes of A. laidlawii,
confirming in part the mycoplasmal origin of these proteins
in milk/mammary secretionis from infected udder.

The data on the effect of @ Mycoplasma infection on the
composition of mastitic milk/mammary secretions of goats
is not available. However, biochemical changes in the
mammary gland secretion of different species with bacterial
mastitis are available (A g ar wal and Naraya-
nan 1976; M a n d al etal. 1977; Mandal and
A huja 1985). These workers also reported increase
in free fatty acids (M a n d a 1 et al. 1977; R an -
d ol ph and Erwin 1977; 1974) cholesterol (M a n -
dal and R a h'e ja 1985), phospholipids (A gar -
wal and N arayanan 1976) and decrease in total
lipids/glycerides (M and al et al. 1985) after bacterial
infections. Such reports and the results of the present
study indicate that mastitis of microbial origin
in general produces hydrolysis of milk lipids. The vacuolar
degeneration in epithelial cells lining the acini, marked
fibrosis in the interlobular septa and periacinar interstitial
tissues and replacement of acini with fibrous connective

tissue indicated decrease in the mass of the secretory tissue
leading to agalactia.

Biochemické zmény v mléce pri experimentdlni mastitidé
vyvolané Mycoplasma mycoides -

Pro studium biochemickych zmén v mléce v pribéhu expe-
rimentélni _mastitidy vyvolané mykoplasmaty bylo pouZito
11 "laktujicich koz, jimZ byly pres strukové kandlky do pravé
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poloviny vemene inokuloviny 2 ml- kultury Mycoplasma
mycoides subsp. capri- s obsahem 107 CFU . miT.
Levé poloviny vemen té&chto zvirat inokulované sterilnim
bujonem pro kultivaci mykoplasmat, slouZily jako kontroly.
TFi zvirata byla utracena treti, pak osmnédcty a pétadvacaty
den po inokulaci, dvé zvifata sedmy den po inokulaci. Do
24 h po inokulaci se u vSech zvirat vyvinula Kklinickd
mastitida, kterd pretrvdvala do konce pokusu. Koncentrace
celkovych bilkovin, celkovych fosfolipidd a volnych mastnych
kyselin v mléce (resp. sekretu mlééné Zlazy) zménéném
zdnétem mlééné Zlazy z polovin vemen inokulovanych M.
mycoides subsp. capri se progresivné zvySovala s
pribyvajicimi dny po infekci. Naopak, koncentrace celkovych
lipidi a glyceridu se podstatn& sniZovala. Miléko (resp.
sekret z mlééné Zldzy) z kontrolnich a pokusnych polovin
vemen obsahovalo také zménéné frakce bilkovin, vyvolané
infekei Mycoplasma mycoides.

BHOXMMHUECKHEe H3MEHEeHHUSI MOJIOKA IIPH 3KCIepHMEeHTAa/IbHOM
MacTHUTe, BbI3BAHHOM Mycoplasma mycoides

Insa - uccJiegoBaHUsT 6HOXMMHUYECKUX H3MEeHEeHHH B MYIOKe
B Xome 3KCHepHUMEHTAaJIbHOI'O MAaCTHTAa, BHEI3BAHHOTI'O
MHKOIJIa3MaMH, HCIOJb30OBaNMd 11 JlaKTHPYOMHX KO3,
KOTOPBIM HHOKYJIMPOBAJIM uUYepe3 KaHaJsI'bllbl cockKa B
[IpaBYl IMOJIOBUHY BEIMEHHM 2 MJI KYNIbTypekl Mycoplasma

mycoides subs. capri ¢ comepxauuemM 107/ CFU.mn~ .

JleBas IIOJIOBHHA BBIMEHH OaHHEBIX XHBOTHBIX,
HMHOKYJIHpOBAaHHAaA CTEePUJIbHEM 6YJIbOHOM s
KYJIbTHBHPOBAHHUSA MHKOIUIa3Mbl, CTajla KOHTPOJILHOM.
Tpoe . XUO6OTHEIX 6BUTH YMeplBJIEHE! Ha TpPeTbH,
BOCeMHanuaTee H OBaOuaTb [OATHE CYTKH TIIocne
MHOKYJIALUK, nOBOe XHUBOTHHIX - Ha CenobMele CYTKH
rnocjie HHOKYJISUHKH. Yepe3 CYTKH IIOCJIe HHOKYJISALHU
Y BCeX - XHBOTHBIX PpAa3BHJICA KJIHKHHYECKHN MACTHT,
UISmURCca 0o KOHIla 3KCIepHMeHTa. KoOHIeHTpauusa
ob6mux 6enKoB, o6mUX GOCPOSTUNMUOOB, CBOOOIOHBEIX XHUPHBIX
KHCJIOT B MOJIOKE HJIM CeKpeTe MOJIOUHOH XeJie3Hl,
HU3MEHEeHHOM ee BOCIlaJIeHHEeM, H3 I[IOJIOBHHEI BbIMEH,
UHOKYJIMpOBaHHEIX M. mycoides subsp. capri nporpecCHBHO
- yBeJIMUKBAJIaChb c NpUGEIBAMKEMK  IocJie  HHPeKUIUuH
cyTKaMi. Hao60poT, KOHIEHTpaLUus O6WMUX JIUIKUIOB
H T[JIMUEPHOA CYMEeCTBEHHO IOHHXajllacb. Mosioko (HIH
cekpeT MOJIOUHOR KeJjiesnl) KOHTPOJIBHBEIX H



30

3KCIEpPUMEHTANIbHBIX I[IOJIOBUH BBIMEHH CoOOepXajlo TakKxe
U3MeHeHHble ¢paKLMH 6eJIKOB, BhiI3BaHHble HHOeKUUeHn
Mycoplasma mycoides.
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