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ABSTRACT

The fatty acids of erythrocytes from splenectomized calves were
analyzed before and after infection with Anaglasma marginale and

Egemthrozoon wenyoni. Alterations in fafty acid compositions were

followed by periodic assays of the total lipid extract and of the various
classes_ of lipids. 4 |

Lipids were extracted from erythrocytes of 4 splenectomizéd
c:-;\lves throughout experimental.anapla.smosis . 'Sa_lm‘ples from corre-
sponding days were pooled and‘ the methyl esters of If.atty acids analyzed
by gas-liquid chromatography. The principal fatty acids detected were
'C 16:0, C 18:0, C 18:1, C 18:2, C 22:U, and C 24:0. Prior to inocula-
tion of the calf, lipids contained appr.oximately 30 percent of C 18:1 as
the predominant fatty acid. During the height of parasitemia, almost 40
percent of the total fatty acids were contributed by C 24:0. Furthermore,
}drastic decreases in concentrations of C 18:0, C 18:2, and C 22:0
occurred during the disease. The ratio of saturated to unsaturated
fatty acids increased markedly as a relsult of the infection, reflecting
the increase in concentrations of satﬁrated fatty acids and the decrease
in concentrati.ons of uhsaturated fatty acids.

Lipids \from three additional calves infected with A. marginale .
were fractionated into sterol esters, triglycerides, free fattfr acids,
stérols , and phospholipids by thin-layer chromatography. }Fa‘tty acids

viii



in each fraction e‘xcept the sterols were analyzed by gas-liquid chroma~-
tography and data from corresponding days were averaged. In most
cases, changes in the fatty acid concentrations of the total lipid
fraction were a refleétion of the changes in the phospholipid fraction.
The C 18 unsaturated fatty acids and C 22:0 showed varied increases

in réspénse to the infection. Most of the fatty acids of chain lengths
shorter than C 18:0 exhibited a tendency to decrease in cqncentration.

Dual infections of anaplasmosis and eperythrozoonosis were
studied in 4 calves. Fatty acid analyses were conducted on |
erythrocytic lipids throughout the first acute phase" 6f éoncurrent
infections. Minimal alterations occurred in fatty acid compositions,I
chiefly in C 20:4, C 22:0, C 22:U, and C 24:0.

Fattjr acids were determined in the classes of erythrocytic lipias
from calves with experimental eperythrozoon.osis . The longer chain
fatty acids tended to increase in concentrations, while the fatty acids °
of carbon chéin lengths shorter than 18 showed minor variations with
slight decreases in concentrations.

Marginal bodies were isolated from Anap_la;e.mé-infected' '
erythrocytes, purified by differential centrifugation, and analyzed

'for fatty acid composition. 'fhe total lipid extract and the lipid frac-
tions of sterol esters, triglycerides, -free fatty acids, and phospho-_

lipids were chromatographed to quantitate the fatty acids.

ix



Unfractionated lipid contained C 16 and C 18 accounting for 85 percent

' of the total fafty acids, with C 18:1 accounting for 45 percent. The
fatty acids in the sterol ester fraction were rather uniformly distributed,
but the other three fractions contéined'higher concentrations of the C 16
and C 18 series and were similar to the values found in the total lipid.

The phospholipid fraction contained approximately 48 percent of C 18:1,



INTRODUCTION

The red blood .cell haé one vital reason -fo; ‘existence--to carry
oxygen from lungs to all cells of the body and to return with carbon
dioxide (Bishop and Surgénor, 1964). All blood cells c'>riginate‘ from
undifferentiated rﬂesenghymal or stem cells with nucleus, mitochondria,
and microsomes which give them the ability to perform almost any
metabholic reaction. The maturing marﬁmalian erythrocyte loses its
nucleus and subcellular .particles, yet retains an impressive array
of enzymés , proteins, carbéhydrates, lipids , anions, and cations,
mény of which have been demonstrated to be in active mefabolic flux
(Harris, 1963). Like all cell membranes, that of the red blood cell
consists essentially of protein and lipid, the two materials being
closely associated as lipoprotein:complexes (Prankerd, 196i) .

When the 2fficiency of the bldod as an oxygen _car;ier is
reduced be‘low nofmal, as a result of a de.ficiency. of erythrocytes
or of hemoglobin or both, the animal is said to have an anemia;
| Anemia is not a disease per se, bﬁt rather a étate of the blood
resulting from inadequate production of erythrocytes or rapid destruc-
tion of erythrocytes' (Schalm, 1965). Data rgporﬁed in this disserté— '
tion concern two types of anemia in calves caused by rapid destruction -
of erythrocytes. The anemias were produced by the infectious agents,

Anaglasma marginale and Eperythrozoon wenyoni.

1
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‘Anaplasma infection in cattle is characterized by the;reserice of
tiny spherical bodies in the cytoplasm of the erythrocytes near the
periphery of the cell. Th; di‘sease causes weakness, ‘pallor of .
mﬁcosae, accelerated.res.pirétion, jaundice, decreased red cell count,
and decreased hemoglobin. Death occurs in many cases and the animéls
w'hich survive become carriers for life. g

Eperythrozoonosis in cattle is a dise;se which is primarily recog-
,nizeoi as a problem in splenectomized animals. The intact animal pre-
sents no clinical manifestations, whereas, the asplenic animal suffers
from general debiiitation, mild fever, and severe anemia. Eperythrozoon
are seen in blood smears stained with Giemsa's st'ain as tiny pleomorphic
structures which -are within the erythrocytes, lying on their surface, or
free in the plasma (Srﬁith and Iénes, 1957). beath may occur in
splenectomized animals, but animals more frequently recover and are
prone to havevr’ecrudescenses..

~ Both of the described diseases have parasitic forms associated
with circulating erythrocytes and both cause moderate to severe anemia
in the ho-st.. In én effort to elucidate the pathogenesis of the diseases
on a molecular basis, fatty acids‘i‘n infected red biood cells were
assayed qualitatively and. qﬁantitatively .
Increasing interest has been shown in the lmech.ani'sms of various

anemias. Lipids of various kinds are an.int_:egral part of the membrane

and an understanding of their role in the cell largely depends on



adequate quantitative chemical data. Particular attention has been
given to the phospholipids since they serve as major structural com-
ponents of the erythrocyte (Diziemian, 1939; Ponder, 1949; van Deenen,
1965). |

Anaplasmosis reportedly causes a reduction in concentrati.ons of
phospholipids in infected red blood cells (Dimopoullos and Bedell,
1962; Schrader and Dimopoullos, 1963)‘. Erythrocytes from Anaplasma-
infected calves also have increased osmotic fragilities (Dimopoullos .
‘and Bedell, 1962), increased electrophoretic mobilities (Dommert and
Dimopoullos, 1966), and apparent increased concentrations of sialic
acids (Dbrhmert, 1963) indicating that alterations in the erythrocytic
mémbrénes- do occur. The studies ir; this dissertation were designed
to determine the changes in fatty acid composition of the erythrocx'rtié

lipids associated with Anaplasma and Eperythrozoon infection in

calves,



SELECTED LITERATURE

A. Anaplasmosis

Anaplasmosis was first described in the United States by Smith
and Kilborne (1893) while investigating Texas fever, They recognized
"coccus-like bodies" in erythrocytes, but they regarded them as

‘developmental forms of Babesia bigemina. Theiler (1907) in South

Africa first recognized the individuality of the organism, and he later

named it Anaplasma marginale. The etiologic agent has been classi-

fied as a rickettsial organism in Bergey!s Manual of Determinative
Bacteriology (Breed, Murray, and Smith, 1957) although subsequent
researdh (Espana et_al. ,. 1959; Cane et al., 1963) has made the
classification questionable.

Theiler corisideréd A. marginale to be a protozoan organism and
several investigators still support this view (Espana _é_'g_ al., 1959;
Cane et al., 1963; Dommert et al., 1965). Other workers advocate a
virai classification (Foote, 1954; Foote et al., 1958) or a less definite
classification as between viruses and rickettsiae (Ristic{ 1960).

| The disease has been studied in various pax;ts of the world for
several decades and much-kl;lowledge has been acquired about its
epizootology, fransmissioh, etiology, pathogenesis, and diagnosis

(Ristic, 1960). Important gaps remain, however, such as the



classification and life cycle of the etiologic agent, the mechanism by
which the organism produces anemia, and development of a suitable
vaécine ‘or effective freatment for acutely ill cattle. Research on this
disease has received impetus from the great econo'mic losses which it
‘causes by deaths and losses in production of beef and milk. The U.
S. Livestock Sanitary Association has estimated the loss at $35 million
in an average year. |

Since anaplasmosis is dharacterizéd by a severe anemia and thé
presence of marginal inclusions in circuiating erythrocytes, there has
been increasing interest in studying the physico_-chemical_ changes
which .occur in thé parasitized red blood cells. Histochemical techn%-
ques indicated that bo.th deoxyribonucleic and ribonucleic acids were
present in the marginal inclusions of infeéted erythrocytes (Penha, .
1930; Moulton and Christensen, 1955; Gainer, 1961). Quantitative
" chemical analyses of Anaplasma-infected stromata demonstrated that
parésitized cells have decreased concentrations of phospholipids
(Dimopoullos and Bedeil, 1962, 1965; Schrader and Dimopoullos,
1963), with increased amounts of deoxyribonucleic acid, ribonucleic
acid (Gough, 1963), and sialic acid (Dommert, 1963; Dommert et al.,
1963).

Various physical properties of infected blood cells have also
been investigated. Such cells reportedly are more susceptible to

osmotic lysis (Dimopoullos and Bedell, 1962); they have enhanced
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electrophoretic mobilities (Dommert, 1963; Dommert and Dimopoullos '
1966; Dommert et _q_i_ Ny i965); and their stromata flocculate more
slowly than uninfected stromata (Dimopoullos and Bedell, 1961, 1965;
Dimopoullos, 1964). Bedeli and .Dimopoullos (1962, 1963, 1965)
studied the effects of temberature and,sonic energy on the infectivity
and virulence of A. margfnale in whole blood preparations. They found
that as the time of exposure to sonic energy or a partic.ula';" temperature
increased, tﬁe incubation period of the diseésé .also ir;creased; how-'
ever, treatment of infected blood with sonic energy resulted in higher
- peak counts of infected cells in inoculated calves. Similar increases .
in incubation periods were noted when cobalt-60 was used to irradiate
whole infected blood (Gough and Dimopoullés , 1965) and infectious
. marginal body preparations (Wallace and Dimopoullos, 1965b).

Following the report that marginal bodies could be’isolated with-
out destroyi‘ng their infectivity (Wallace and Dimopoullos, 1965b),
several properties of the partially-purified agent have been studied.
Isolated marginal bodies were found to have approximately the same
resisténce to ionizing radiation as whole, infected blood (Wallace
and Dimopoullos, 1965b) . Analysés of the partially-purified body
preparations for enzyﬁle activity have revealed the presénce of cata-
lase (Wallace ahd DimOpoullos,.1965a), cholinesterase (Wallace, |
196§), ar;d iactic dehydrogenase (Darré, 1966) . Ea.rlier reporfs on

the nature of the complement-fixing antigen in anapla’sm_osis



indicated that the antigen was lipoprotein in nature (Rogers et al.,

1964; Rogers and Dimopoullos, 1965).

-

B. Epervthfozponosis

Eperythrozoonosis in Louisiana cattle has been described as
inappairent or unrecognized in nt;nsplenectomized animals. It occurs
most 6ften in calves éfter splenectomy .(Dikmahs, 1933; Lotze and
Yiengst, 1941; Jensen, 1943; Foote‘ﬂgl._ , 1957), yet.‘ Crocker and
Sutter (1954) described a serious outbreak in 35 int}act cows shipped

ffom Texas to Kentucky.

The disease in cattle was first recognized by Adler and Ellenbogen

(1934) who described a minute parasite of the erythrocytes of cattle

and named it Eperythrozoon wenyoni. The organism has been observed

_ in the blood of cattle in Palestine (Adler and Ellenbogen, 1934), Soﬁth
Africa (Neitz, 1940), France (Donatien and Lestoquard, 1§37) , and the
United States (Dykstré e_fa_l. , 1948).

When stained with Giémsa stain, the parasites appear pinkish-
purp}e in color and are ring=like, ovoid, comma, rod, dumbbell, or
tennis racket-shaped. They range in size from 0.3 to 1.5 microns |
ih diameter (Henning, 1956). Thé organism has been variously
described as occurring in the erythrocyte (Adler and Ellenbogen, 1934),
on the surface of the erythlx*ocyte'(Ni:eschulz; 1938), both in and on
the surface of the cells (Henning, 1956), and in the plasma (Hoyte,

1962). A new species name, E. teganodes, was proposed by ‘Hoyte

/‘/‘



(1962) for the Eperythrozoon which was found in the plasma but not in

or on the erythrocytes of bovine blood. He also suggested that some

highly pleomorphic species of Eperythrozoon may prove to be a

mixture of two or more species.

The incubation period of the infection varies from 16 to 22 days
and parés;tes are demonstrabie for periods varying from 1 to 8 days.
A latent infection with E. wenyoni in cattle can be activated by heavy
tick infestation, by anaplasmdsi.é, and by a severe infection of
Theileria m_tgam_s (Henning, 1956). VS.evere clinical ~symptomsvof'
fever, inappe?ence, depress‘ion, acute muscular weakness, icterus,
and anemia were observed only in splenectomized cattle. Intact
énimals exhibited only slight anemia, but no febrile 'ree.tction, definite
“clinical symptoms, or relapses (Neitz, 1940). | |

E. wenyoni can be transmitted readily from an infected calf to a
susceptible one by inoculation of infected blood. Donatien and
‘Lestoquard (1937) beliéved’ that f:iqks acted as'véctors:, butA Néitz (1940)
_stated that rearing of calves under fick'-free coﬁditions was no guaran-
tee of their f:leedbm from infection with Eperythrozoon. Foote et al.
(1957) stated that infection appeared to be easily transmitted betweén

calves by flies or possibly by direct contact.

Members of the genus Eperythrozoon possess characteristics

which are not clearl_y protozoan in nature but which appear to be cldsely

related to the bacteria (Peters and Wigand, 1955; Weinman,.1957).



Consequently, the genus is placed in the order Rickettsialeﬁ. The

species which infects cattle has been called E. Mn_i’ (A&dler and
Ellenbogen, 1934; Delpy and Rafyi, 1938; Neitz; 1940, Brocklesby, .
1958; Hoyte, 1962) or E. wenyonii (Weinman, 1957‘); however, the
former seems to be the more common spellihg.
Very litfie work has been reported on the physical and chemical

chénges in blood as a result of bovine éperythrozoonosis. Dimopoullés
et al. (1959) réported that.concurrent with the appearance of parasites
" in the blood, serum globulins decréased to an abnormally low level.
In 1964, bimopbullos and Bedell reported the. phospholipid concentra-
tion of Egegthrozoon-infected'strom'ata tobe 11.7to 13.1 égramﬁé per
100 grams of desiccated stromata'. Although this was considered to be
‘within_ the normal range, the stromata remained in sﬁspension for a
prolonged period of time, indicétiné that the surface charge may ﬁave
béen altered. |

Eperythrozoon infection has been reported to "interfere” with

other types of infection. Tyzzer (1941) found that E. coccoides intro-
duced into a white mouse after bartdneliosis was established, promptly
suppressed the latter infection so that bartonellae were no longer
demonstrablé in stained blood films. Foote et al. (1957) reported a
similar interferencc; between 'anablasmésis and éperythrozoonosis .

The reasons for such interferences have not been shown éohclusively.
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C. Bovine Blood Lipids

1. Plasma Lipids.

Initial studies of bovine blood lipids concerned the fatty acid
composition of plasma lipids. Lipids from large quantities of plasma
were separated, as far as the methods‘ then availabl;é permitted, into
the various cla~sses of lipids. The component fatty écids in the
triglyceride and sterol ester fraction's were quéntit;ated by ester-
fractionation (.Parry and Smith, 1936; Kelsey ahd Longenecker, 1941).
Other workers (Garton and Duncan, 1957; Lough and Garton, 1957;
Garton et al., 1961) similarly resolved the lipids in bovine plasma by
column chromatographx;' and énalyzed the fatty acids from the glycerides *
and sterol. esters by i'everse-phase partition chromatography.

The more recent methods provided effective segregation of the
different lipid classes (Hilditch apd Williams ,. 1964) . The component
fatty acids in the triglyceride fraction from column fractionation
(Garton and Duncan, 1957; Loﬁgh and Garton, 1957) resembled closely
the fatty acids in cowAdepot fat, although the oleic acid content was
lower and the steéric acid content was higher. Fatty acids of the
sterol ester fraction were chaxjacterized by high contents of lineolic,
linolenic, and arachidonic acids which formed nearly 70 percent of the -
total acids. The linoleic and linolenié acids combined as sterol esters
| were the natural (seed-fat) forms . in contrast to the linoleic acid of

depot fat. Lough and Garton (1957) suggested that perhaps di‘étary



11
linoleic and linolenic acids WllliCh escaped hydrogenation in the rumen
were prefet_entially esterified with cholesterol.

In recent s;cudies of bovine plasma lipids, investigators have
employed column chromatography to resolve the lipid classes and gas
chromatogfaphy to detect. the corﬁpbnént fatty acids of éach clasé
(Hanahan et al., 1960; Gérton et al., 1961; Duncan and Garton, 1962).
These reports included fatty acid analyses of thé. pho_spholipid and free
fatty acid classes. Results for the glycerides and s‘terol esters were
roughly similar to the earlier reported compositions. The phospholipids
displayed the relative'ly'low palmitic, high stearic and prominent |
unsaturated C 20-22 acid concentrations Which are characteristic for
most animals (Hilditch and Williams, 1964).

2. Erythrocytic Ligigs_.

Béhrendt (1957) stated that the content and partition of the
'plasma lipids varied considerabl_y under the inﬂuencé of absorption,
die£, nutrition, and numerbus metabolic processes. Erythro@tié
lipi&s are part of the fiSced framework and their primafy function is of
structural rather than metabolic importance; therefore, charllg'es are not
as rapid or as great as in plasma (Behrendt, 1957)‘.

Tannhéuser and Setz (1936) described a method for the quantita-
tive determination of phos".pholip'ids in fhe stromata of red blood ;';ells "
These authors employed a colorimetric procedure for phosphorus to

determine the total phospholipids. By using a rpathematical constant,



12
the amount. of total phospholipid was calculated. Differences in the
concentration of total phospholipids were not observed when ‘the
c;:-rythrocytes from a number of disease states were compared to normal
cells. o |

White and Mohaghan (1936) employed prolonged alcohol-ether
_extractiops of bovine stromata for lipid analysis. Erickson et al.

(1938) compared the lipids extracted from stromata prepared in a

~ variety of ways. Using alc;ohbl-ether extraction at room temperature,

they reported a higher percentage of lipid in the stromata of the sheep
and bovine erythrocytes than in the stromata of the human cells.

The analyses of Parpart and Diziemian (1940) indicated higher

concentrations of lipid in bovine stromata than reported by Erickson

et al. (1938) when measured as mg/ml packed cells. However, when
combared on the basis 6f lipid content per cell, the data were in close
agréement.

Paper and colﬁmn chromatography have been used to separate
and anélyée human and bovine erythrocytic ph‘ospholipids (Turner,
1957; Turner et al., 19_58) . In such studies a decided differénce was
noted}in- the lipid pattern of the two species, but only limited informa-
tion wés offered on the chemical nature of the i‘ndividual lipid cOm-
ponents .' |

Dawson (1957) examined the composition of stromata and found

the ratio of phosphatidylserine/phosphatidylcholine to be high in
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ruminant stromata. Concurrently, Turner (1957) published a preliminary
account of semi-quantitative studies on the phospholipid composition of
erythrocytic stromata and noted the unusually small amouﬁt of lecithin
in ruminalnts , in contrast with non-ruminants. These resglts were
supported by the subsequent findings of Turner e_fa_i. (1958) and
Hanahan et al. (1959).

Quantitative analyses of bovine red blood cell phospholipid'
composition have.been carried out in several laboratories using dif-
ferent techniques (Dawson et al., 1960; Hanahan et al., 1960; de Gier
and van Deenen, 1961; Schrader an_ci Dimopoulloé, 1963). Averages. 6f
the values .obta;néd by four laboratories are as follows: lecithips , 12
percent; sphinéomyelins, 56 percent; cephalins, 32 percent.' These
data confirm the original observatibn 6f Turner (1957) that the lecithin

content of erythrocytes of certain ruminants is of a low order.

D. Blood Lipids in Pathologic Conditions

Behrendt‘ (1957) giveé a sobering word of caution concerning
discrepancies in analy‘tical data presented by various i'nvestigato.fs .
Both the analytic procedures ‘and the calculations limit the éccufacy
of lipid determinations in blood cells ah;i.plasma. -He'states that the
normal values ‘ pértiéularly for red bloéd cell lipids, are b_as__ed on a
limited number of case studies, which account for the unusually wide
range of r'xorn.xal' values. Distinct patterns of lipid disti'ibutioh have

been established, although the individual determinations must be
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interpreted with grea;c caution (Behrendt, 1957). Since bovihe red blood
cells have been studied far less than human cells, the problem of
establishing normal values is made much more acute. Hénahan et al.
(1960) stated that although pr evious pbservat’ions are of considerable
value, additional knowledge is needed on the chemical nature of the
blood lipids in human and bovine plasma and erythrocytes.

_On the foregoing premise, some lipid changes associated with
disease conditions will be reviewed for possible patterns which may
be helpful in this dis'c'ussion., Aé previously mentioned, most studies
on blood l'ipids'have been conducted on hﬁman samplgs; consequently,
this reQiew must of necessity draw.on such data. Blood studies in.
.‘humans serve merely as guides because of the species differences
which exist and because data from normal and disease conditions in
humans may be from .diff‘ere‘pt individuals (Behrendt; 1957). Studies
of chang'es in experi,mentaliy-induced infections in anirﬁals eliminate
differences attributed to individual hosts by measuring changgs
resulting}durling the disease. Variations due to diet may also be
controlled in animals, whéreés, such control in humans is virtﬁally
impossible.

'1. Lipids of Abnormal Human Erythrocytes.

The essential role of lipids in the structural organization and
fphctioning of the red blood cell membrane lead to the assumption

that alterations in the lipid moiety might cause abnormalities in shape,
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permeability characlzteristics , metabolic activities, and life span of the
erythrocytes (van Deénen and de Gier, 1964). This assumption has
been the initial preniise in many investigations and has led to numerous
studies of .blpod.c‘:el'ls' in anemias. In sﬁite of‘ the numerous reports,
definité observed abnormalities have been limited in number. It is
also questionable whether the lipid defects are primarily or secondarily
involved since t.he samples studied often contained an abnormal propor-
tion of ver‘y young cells (van Deeﬁer} and de Gigr, 1964). In several

cases of hemolytic anemia, increases in lipid content could have been

""" influenced by the increased number of reticulocytes (Erickson et al.,

1937; Allison et al., 1960; Phillips and Roome, 1962).

Erickson et al. {1937) found an increase in the concentration of
total lipids of the erythrocytes in erythroblastic. anemia of humans.
The observed changes were due to increased condentrations of neutral
fats and cerebrosides. Hypochromic and hemolytic anemias resulted in
decreased content of phospholipid in erythrocytes (Williams et al.,

. 1937; Erickson e_t_a_i. , 1941); whereas, sickle cell and erythroblastic
anemias showed higher than normal amounts of erythrocytic phospho-
lipid (Erickson et al., 1937; Williams et al., 1940).

‘Williams et al. (1937, 1940) reported that in pernicious anemia
the phospholipid concentration of the red b'lood Cellsi was generélly
loWér during relapse and increaséd with treatment. The conceqtration

of phospholipids was above normal in the stimulated stage of recovery
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which was characterized by an influ;c of young cells. Increases in
cephalin and sphingomyelinA were also noted, vwhile the c'imount of
lecithin decreased.

Increased concentration of total cbrpuscular\lipici in poiycythemia
was demonstrated by Erickson et al. (1941). This was mainly due to an
elevated concentration of total phospholipids as a result of a marked
i.ricrease in concentrations of the cephalin and sphingoinygalin .fractions .
Cardiac disorders calised ixiqreases in the goncentrationé of c':elphalin,

lecithin and sphingomyelin (Erickson, 1940).
| Red blood ceils in paroxysmal nocturnal hemoglobinuria were
rebqrted to contain a significantly higher amount of both cholesterol
anci li;.)’id nitrogen (H‘arris et al., 1957). The obser(ration was con'firmed
by Formijne et al. (1957), who found the amount oi ciiolesterol as well
as the phospholipid content to be elevated. Studies on the ratios
between different classes of phospholipids (Harris et al., 1957) indi-
cated a dec’:rease in lecithin and an increase in cephalin. Subsequently,
however, several investigators found quite normal values for the differ-
ent types of phospholipids (Formijne et al., 1957; Barry, 1959; Phillips
and Roome, 1962).

Allisoﬁ et al. (1‘960) and Kates et al., (1961) réporteii that ’
erythrocytes from two patients with hereditary spherocytosis Showed
a significant decrease in cephalin content; whereas, the amount of

lysocephalin was increased in coxriparis on .to normal values. When
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lysocephalin was ‘added to normal serum, sphering of normal red blood
cells was observed. Consequenfly, the investigators concluded that
the primary genetically controlled abnormality in hereditary spherocytosis
'probably is caused by a partial block in the enzyme system catalyzing ‘
the conversion of lysophosphatidylethanqlamine to phosphatidylethanol-
amine. On the.other hand, de Gier et al. (1961) analyzed efythrocyti'c :
phospholipids in several patients with hereditéry ,spherocytosis ,a}nd
found quite normal vaiues . They.. suggested that during the analyses of
Allisoi{ é‘a_l. (1960), part of the cephalin (plasmalogef; type) was |
hydrolyzed to free aldehyde and lysocephalin. Their idea was reaffirmed
by Phillips and Roome (1962). .

In 1961 Ways et al. reported on three cases of hereditary
acapthocytosis in which normal quantities of ;otal red cell phospho-
lipids were found, but the lecithin content was significantly decreased
wi.th concomitant increase of the spinogomyelin fraction. -Phiilips
(1962) recorded similar changes in four additional patiénts .

Red blood cell phospholipids have been studied in patients wvith.
pernicious anemia (Pormijne. et al., 1957;’ Phillips and Roome, 1962),

. hereditary elliptocytosis (de Gier et al., 1961) sprue, intermediate
thalassemia, sicke cell anemia, and polycythemia vera (Phillips and
Roome, 1962). The distributions repbrtea in all of these studies were
within the range of values accepted for n&mal erythro_cytes (vaﬁ Deenen

and de Gier, 1964).
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2. lLipids of Abnormal Canine Erythrocytes.

In a study of anemia producec'i by n—propyl disulfide in dogs,
Williams g,_'g_‘_ai.' (1941) reported that a decrease'occurred in the total
phospholipid of thé red blood cells. The marked change in phospho-
lipid concentration was due f‘o a decrease in bephalin content.
'fishkoff et al. (v1953) found very little difference in the erythfo-
cytic phosphplipid content of normal dogs ar;d dogs suffering from
hemorrhagic anemia. Phospholipid changeé ir; the erythrocytes of
- dogs were also described by Robscheit-Robbins and Whipbl\e (1955) . j
Anemia induced by blood removal and hypoproteinemia caused a rise

in the level of phospholipid. Similar, but less marked changes were

observed in an anemia produced by phenylhydrazine.

3. L_i_gi_dg-g_f_ Abnormal Bovine Erzv throcytes.:

Studies of blood lipids in bovine diseases have been very

~ limited. Howevef, some work has been reported on blood during
Anaplasma infection (Dimopoullos and Bédeil, 1962; Schréder' and
Dimopoullos, 196_3); In the acute stages of ah}aplasmo‘sis, Dir_nopgullos
and Bedell (1962) found a decrease in concentration of total phospho=-
lipid in the erythrocytes. As the animals bega.n to reco{zer and the

- number of eryt.:hrocyte's increased, the condentration of erythrocytic
phsqpholipid inéreased to preinfectioﬁ le‘)els . Piasma phqsphélipids
decre.a‘éed- at the onset of the experimental disease but failed to return

'.to preinfection lev'els .
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Schrader and Dimopoullos (1963) fractionated the classes of phos~-
pholipids of erythrocytes from splenectomized calves infected wi.th‘
A. margi'nale. ‘Phospholipid classes were separated by silicic 'acid
chromatography, estimated gravimetricallx,’ and characterized by infra-
red absorption spectrophotometry. They found that the totai phospho-
lipid concentration of erythrocytié stromata decreased during the anemia
as a result of the sighifica;nt decrease in concentrations of lecithins and
-cephalins. The concentration 'of sphingomyelins : decreased only slightly.

Individual phospholipids returned to preinfection levels durin‘g con-

R
~

valescence (Schrader and Dimopoulios, 1963). D

4, Fatty Acids of Abnérmal Egzthrocytés .

Fatty acid constituents of abnormal fed blood cells have been
considered by various investigators. The fatty acid patterns of red
blood cell lipids ‘m a great number of hemolytic diseases were esti-
‘mated by Munn and Crosby (1957, 1961) using ultra;/iolet spec_t;ropho-;
tometry afi':‘er is'omerizaftion in alkali. Lipids of erythxjocytes from
patients with paroxysmal nocturnal hemogiobinuria were found td exhibit
a low concentratidn o;‘. §leic acid, while the content of. arac;:hidonic acid
was unusually high. Prankerd (1959) confirmed this observation by
" gas-liquid ch;omatography, but Leibetseder and Ahrens _( 1959) shoWéd
no clear-cut difference betweeﬁ fatty acid patterns of normal red cells

and those in paroxysmal nocturnal hemoglobinuria.



20

Much of the data collected by Munn and Crosby (1961) on the fatty
-acid composition of a great number of patients with red blood cell
abnormalities have varied with the individual and could not be specifi-
cally correlated with the diagnosed dls.ease. However, a number of
patients‘ had relatively 'low levels of polyunsaturated fatty acids which |
were eonsidered to be a cohsequenee of immaturity of the red cell popula-
tion.. Earlier studies by Munn (1958) had demonstrated that the unsaturated
fatty acids decreased with i.ncreasing immaturity of the cell populeti_on'.
He studied a patient tho was being bled 2 liters per week for treatment
of hemochromatosis. .Similar‘ findings were reported by de Gier et al.
(1964) from studies on red cells of patients with pefhicious anemia,
hereditary spherOcytosis, hereditary .elliptocytosis, and nonspherocytic_
hemoly.tic anemia. In several patients a very low concentratio.n of
linoleic acid was found. This led van Deenen and de Gier (1964) to
postulate tﬁat perhaps an increese in the manufacture of blood cells

caused a loeal deficiency of the essential fatty acid, linoleic acid.



MATERIALS AND METHODS

A. Experimental Animals

H

Calves from 3 days to 3 weeks of age were obtained from local
livestock auctions or from dairies in the surrounding’ area. They were
fed nursing andvstarter rations until they were about 3 months Qld. At
that time they were gradually chang:ad to a ration consisting of 18
percent protein supplemented with a vitamin-mineral mixture. Grass
hay and fresh water were avai'lable ad lib,

Experimental animals were separated into groupé of 2-8 animals
each and housed in screened barns. Rees (192;3) reported that splenec-
tdmy of calves under one yeér of age enhanced their susceptibility to
anaplasmosis. The:eforé, all experimental animals were splenectomized
at least 2°weeks prior to inoculation. |

Anaplasmdsis was experimentally produced in splenectomized
cf‘;\lves by intraveﬁous inoculation with 100 ml of whole citrated blood
from carrier animals. Eperythrozoonosis was transmitted in a similar

manner by inoculation of 100 ml of whole infec;t_ed blood from an animal

which had previously developed the disease following splenectomy.

' B. Hematology

Blood for hematologic determinations was collected by jugular
venipuncture into 12 x 100 mm glass tubes containing the dipotassium

salt of ethylenediamine tetraacetic acid (EDTA) as anticoagulant.

21
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These determinations included erythrocyte c_gunts , percent packed cell
volumes, and percent erythrocytes containihg Anaglasma bodies.
Efythrocyte,srwere enumerated with a Coulter‘electron.ic blood cell
counter and the percent packed cell volume was measured by the micro-
hemaiocr;t method. Smears of blqod were pré;;a;rgd from' each. EDTA-
treated sample and staineci with Giemsa stain to viéualize the marginal
. bodies or eperythrozoa. The'percent; 6f Anaplasma-infected érythrocytes
was ascertainea by counting the numbers of- infected and noninfected

cells.

. C. Preparation of Materials

1. Preparation of Erythrocytes.

Hanahan et al. (1960) reportec‘l thc;at human blood collected in
heparin showed consi'derable alterations of the phospholipid fraction
of the erythrocytes. Phosphatidylethanolamine tended to form lyso-
ciérj,{/atives . Therefore, blood collected in heparin was not consid.éred
to be a reliable source for "native" phospholipids from the erythrocyte
(Haqahan et al., 1966) . Based 6n fhis report, all blood for lipid
studies was collected in 0.2 pefcent sodium citrate_ rathef than in
hepairi'n.

Citrated blood was c'entxjifuged in SO ml tubes at 1860 x g for
15 minutes io s'eparat,e the celié from plasma. The plasma and buffy
coat of léucdcytes were remov-ed by aspiratio.'n apd Fhe efythrocytes _

were washed three times to eliminate residual plasma proteins and
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leucocytes. After the final wash the packed.cells were retained fo:'
iipid extraction,

2. Isolation of Marginal Bodies.

At the pEak of Anaplasma infection, calves were e#sanguinated
by cannulation of the carotid artery. The bléod, containing 60-80
' percéni infected erythfocytes was collected under partial vacuum into
four-liter flasks containing sufficient heparin sodium to give a final -
concentration of 10 minims per 1 ml of blood.

The erythrocytes were packea ;:-m.d' washed three timés in 0.9 per-
cent sodium chloride solution by centrifugation at 1060 x g for 20
minutes at 4 C. Washed, packed cells were diluted with an equal
volume of 0.9 percent sodium chioride solution and 200 ml aliquots
were subjected to ultrasonic vibration at 4 C for 75 seconds usirig a‘
75 watt; 20 kc Branson Sonifier. Complete lysis of all cells was
ascertained by darkfield examination of the sonicate. |

After ultrasonic treatment, the b'rep'aration was shbjécted to
centrifugation at 1Q60 x g for 30 minutes at 4 C to remox./e large -
particulate matter. The supernatant ﬂuid was 'aspifated and centri~

fuged at 105,000 x g for 30 minutes at 1 C. Sediment was washed

| threie times in M/ 1—5 dibaéic sodium phosphate buffer solution at
pH 8 3 . 'Thé washed sediment was'subsequeﬁtly used for lipid

extraction.
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D. Extraction of Lipids

All solvents were reagent grade and'all except diethyl ether were
redistilled prior to use. The solvex;lts and their corresponding tempera-
tures éf distillation were as follows: petroleum ether, 40 C; chloréform,
62 C; methanol, 65 C; and benzene, 80 C. Dry methanol was prepared
by distilling over calcium oxide and collecting half of the original volume.

Lipids were extracted from packed erythrocytes and marginal body
preparations using modifications of the methods- of Reed et al. (1960)
and Ways ané Hanahan (1964). Given volumes of erythrocytes or margi-

nal bodies were slowly added to five volumes of redistilled methanol as

it was stirred vigorously on a magne'tic stirrer. Careful addition of the

celis was mandatory to insure even dis‘persion and to prevent massive
clumping as the proteins wéré being.‘ denatured. The suspension in
methanol Was lstirred continuously for 30 minutes at 25 C and five
volumes of chloroform were added as stirring was continued for-a.n
additional 10 minutes.

The extracts were filtered through 4 thickhesses of_.solvent-
extracted ﬁlter.pap'er in a Millipore filter assembly fitted into g

vacuum filter flask. The residue was extracted twice more using the

' same procedure. The three filtered extracts were pooled and evaporated

to complete dryness in a rbtary-vac{uum evaporator at 37 C. The dried

residue was extracted with 3 aliquots of chloroform, equal to 10 times

the original volume, filtered as before, pooled, and concentrated to

10-15 ml.
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E. J"_I__‘)hin-Layer Chromatography

Glass plates (200 x 200 mm) were thoroughly washed with deter-
gent, rinsed with tap and distilled water, oven-dried, and cleansed

with methanol prior to coating. A slurry was prepared by mixing 25 g
of silica gel G with 60 ml of water for 15 seconds in a Servall Omni-
‘Mixer. The slurry 'was sp;ead in a 0.25. mm-thick film over 5 plates
using a Desaga/Brinkmann adjustable applicator. After air drying for
at least 30 minutes, the plates were placed in an oven at 12.1 C where
they were kept until used.

A 1ane 20 mm wide was marked on one side of each thin-layer
plate for separatibn of a standard lipid mixtgre coﬁtaining phospho-
lipid, cholesterol, oleic acid, triolein, and cholesterol oleate. The
, sta‘ndarc'i and lipid sample were spotted even with each Sther 10-15 mm
.‘from the bottom of each plate. The concénfrated lipid sample in chloro-
form was applied with a glass tuberculin syringe and 27 guage needle 4'
in a series. 'of confluent spots across the plate.

Standard Desagé tanks were filled daily with fre'sh solvent con~
taining 84 parts of petroleum ether, 15 parts of diethyl ether, and 1
part oI: formic acid for devéloping thin-layer pl.ates . A filter paper
wick was placed along one side of th:e tgnk to increase the vapor con-
centration in the upper part of the chamber .and thus shorten the develop-
ing time. The thin-layer plates were developed until the solvent fr‘ont

was 10-15 mm from the top.
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Developed plates were flushed with nitrogen for 20-30 minutes to
remove all trace of solvents, particularly formic acid. The dried
plates were sprayed lightly with a 0.2 percent solutioh of 2',7',
dichlorofluorescein in 95 percent ethanol. The lipid standards and
corresponding bands in the lipid sample ‘were delineated under short
wave ultraviolet light (2537 A) and each fraction except the sterols

was scraped from the glass plate into a 50 ml round bottom flask.

F. Preparation of Methyl Esters

Fatty acids in each cl_ass of lipids were converted to thgif methyl
esters by interesterificafioﬂ using the method described‘by Stoffel et
al. (1959) and modified by Connellan and Masters (1965). Transmethyla-
tion mixture consis,tirig of 150 ml of dry methanol, 75 ml of benzene,
and 7.5 ml of concentrated sulfuric acid .was added in 15 ml aliquots
to eaqh lipid sample contained in the 50 ml round bottom flask. The
flasks we.re. heated .to 100 C and refluxed for at least 2 hours. The
material was then allowed to cool and each condenser was washed witﬁ
ab‘out 5 ml of petroleum ether. The mixture was transferred to 20 x 150
mm glass tubes with ground glass stoppers for extraction and washing.
.To extract the‘methyl esters, 5-10 ml petroleum ether were added to
each tube with'an' equal»volume of water. The tubes were stoppered,
shaken vic_ﬁorously’, and allowed to stand until the water and gther
layers separated. The lower water and acid layer was removed with .a'

Pasteur pipette and discarded. Water was used to wash the petroleum

“ -



| 27
éthef frécfion at ieast two more times, after which the extract was
transferred to a flask containing anhydrous sodium sulfate'granules
to remove residual moisture. After standing 30 minutes, the méthyl

[}

“esters were sufficiently dry to be concentrated and injected into the

gas chromatograph for analysis of fatty acid composition.

G. Gas-liquid Chromatography

Dt;\ring the initial phases of this study,‘ aF& ‘M Model 500 gas
chromatograph with a thermal conductivity detector was used. Columns
employed in this instrument were prepared commercially and conéisted
of 1/4 iﬁch stainlesé steel tubing 18 feet long packed with 20 percent
diethyleneglycol adipate and 2 percent phosphoric acid on écid-washed
Chromsorb W, 60-80 mesh. fh’e i'njection port and detector block Qf
the instrument were maintained at 300 C and the column was held‘ at
220 C. Helium served as the carrier gas and flowed through ‘the column
~ at the rate of 60 ml per minute.

Due to the lack of sensitivity of tﬁe thermal conduvctivity detector,
the original chrom‘atograph.was replaced by a F & M Model 700 dual
‘column gas c'hrom{atograpﬁ with flame ionization detectors. This instru-
ment facilitated the de_et;ection of fatty acids in each class of lipids
.fractionat.ed by thin-iayer chromat.o.graphy. Quantitative separati‘.oh
of fatty acids was acc'on'mplished by means of stainless steel columns
rﬁéasuring 1/4 inch x 10 feet packed in the laboratory with 8 perce-nt

polyethylene glycol adipate on acid-washed Chromport, 80-100 mesh.
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-This instrufnent was operated with the injection ports and detectors at
275 C and the column at 180 C. Helium flowing at the rate of 60 ml
per minute served as the carrier gas through the columns. Compressed
air (15 psi)'ar;d hydrogen (16 psi) were used as the éases for the
detector flame.‘ ) |
Polyethylene glycol adipate for column packing was prepared
aécording tb the method of ]érﬁes (1960). A round-bottomed flask con-
'taining 65 .'1 g of ethylene.glycol and 146 g of adipic acid was heat_ed
in silicone oil'bath at 180 C for 3 hours under a slow stream of nitrogen.
As soon as the ethylene glycol and adipic acid melted, 25 rﬁg of
g—toluenesulfonic acid was added as an acid catélyst. During the first
3 hours bf heating, the nitrogen swept out water vapor as it was evolvea.
After 3 hours, the nitrogen was turned off and heating was continued for
2 more hours under vacuum to remove the residual water and escess
glycol. Th.e‘polymgrized adipate was divided iﬁto small aliquots,
allowed to solidify at room temperature, and stored in a desi_cciator
under reduced pressure. |
Pacl_cing for columns was prepéred by dissolving 4 g of polyethylene
glycol adipate in about 500 mi 6f chloroform in a.round bottom flask. To
this_ was a.dded 4'6 g of Ciirc;mport with gentle ‘'mixing tb insure a'uniforfn
'co'ating; Chloroform wa‘s_ removed by’ evaporation_on a rotary vacuum
evaporatdr in a water bath at 60 C and the resulting dry material was
placed in an oven at 120 C for at least 2 hours‘to' eliminate the last

‘traces of solvent. .
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Either straight lengths or previously coiled sections of stainless
steel tubing were used for packing. A small plug of spun glass wool
was placed in one end of the column to support the packing. Straight
columris. Were held vertically while the powder was poured through a
funnel into the tube as it was continuously vibrated. Previously coiled
cplumns were packed in a similar mannér except that a vacuum pump
wés attached to the distal end of the tubing to draw the packing through
the coils. _ New columns were conditioned overnight at 180-200 C under
la' flow of helium. Methyl ester standards comaining palmitic acid were
chromafographedl on the ‘co.lumns and their efficiencies ’were' calculdted
with the formula E = 16 x (OH/GF)2 given by James (19@{0) . The
d.esignatidn OH is the retention time from the injection point t§ the
center of the péak for palmitic acid and GF is the peak width. Effi-.
ciencies of new columns ranged from 2500 to 4000. |
A standard of fatty acid methyl esters was chromatographed each
day prior'to analyses of unknown samples. The standard contained
saturated fatty acids. from C lllto C 18 and 'uns'aturated fatty acids,
C 14.-.1,...0 16:1, C 18:1, and C 18:2. Other qualitative standards
supplied .by the National Institutes of Health were chromatographed tol
establish their relative reterlltior'i.ti'mes . A quantitative standard was
also r.un to check the accuracy and sensitivity of the iﬁstrument.
Fatty acids on the chromatograms were identified by direct

comparison to standards run on the same day and by comparisons of .
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relative retention times. The height and ﬁalf-width of the base of each
peak on the chromatogram was measured. These data and the attenua-
tion of the instrument for each peak were programmed on a 7040 IBM
computer to calculate the area .of each peak, thé total area of all
peak‘s, and the relative percént area of each peak. The combutér

program is shown in Figure 1.
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C DR A, ROLAND DOMMERT

C DEPT OF VETERINARY SCIENCE LSU
c FATTY ACID COMPOSITION 9 FEB 66
DIMENSION HGT(100),HW(100), ATN(100),AREA(100)
DIMENSION PCA(lOO),LABEL(ZO) ID(3,100) ,IDA(3)
10 DO1I=1,100
HGT(I)=0.
HW(I)=0.
ATN(T)=0
. AREA(I)=0.
PCA(I)=0.
1 CONTINUE
J=0 ’
K=0 '
. SUMA—O ..
13 READ2,IDA,HGTA,HWA,MLTA ,LABEL
2 FORMAT(3A2,5X F6 2,5X, F6.2,5X,I5,2X 20A2)
" IF(HGTA)9,4,3
i IF(HGT(1)59 5,6
5 PRINT12,LABEL
12 FORMAT(lHl,uox,zoAz/)
GOTO13
3 J=J+1
- DOL5I=1,3 '
15 ID(I,Jd)=IDA(I)
HGT (J)=HGTA
HW(J)=HWA
ATN(J)=MLTA
AREA(J)—HGT(J)*HW(J)*ATN(J)
SUMA=AREA (J)+SUMA
GOTOL13
6 K=K+1
PCA(K)=(AREA(K)*100,)/SUMA
MTL=ATN(K)
PRINT?7,K,(ID(I,K),I=1,3) HGT(K) HW(K),MTL AREA(K) ,SUMA PCA(K)
7 FORMAT(lX I2,2X,3A2, 4X JF7.2,4X,F7.2,3X, 15 2X,
*Fl4 4 ,2X,F14, 4 2x ,F7. 3)

IF(J- K)9 20,6

9  PRINTL4

14  FORMAT(//1X21HYOU GOOFED,TRY AGAIN)
PAUSE 1

20  SPCA=0,
D021K=1,J

21  SPCA=SPCA+PCA(K)
PRINT22,SPCA
22 FORMAT(75X,7H*******/74X F8. 3)
PRINT12,LABEL
GOTO10
END

‘Figure 1. Program for the 7040 IBM éomputer to calculate the individual
peak areas, total peak area, and relative percent area of
each peak on fatty acid chromatograms.



RESULTS AND DISCUSSION

~ The original p‘rojection of research for this dissertation.problem .
envisaged a thorough study of thé lipid alterations in bovine erythro- '
cytes associated with Anaplasma infection. The initial step involved
the analysis of fatty acids in the total lipid extract from bovine erythro-

cytes throughout theé course of anaplasmosis. As the study progressed,

another infectious anemia, eperythrozoonosis, was.encountered in a
mimber of splenectomized, experimental calves. Thié disease causes
a moderate to severe anemia in splehect'omized calves and often exists
conéunently ‘with anaplasmosis (Foote et al., 1957). 'Th'erefore, a
study of tﬁe erythrocytic_lipids associated with eperythrozoonosis was
also included in the research projeét. In addition, the total fatt§ acid
composition of bovine erythrocytes from 4 calves with dual infectioﬁs
of anaplasmosis and eperythrozoonosis was determined over a beriod
of 21 days. |

. After surveying the fatty acids of the total lipid extracts, thin-
layer chromatography was gsed to partition the classes so that the
fatty acid composition of each class of lipids could be assayed.
Erythrocytic lipids from calves with pufe infeét-ions of anap'lasmosis

and eperythrozoonosis were studied in this manner. Finally, informa-

tion on the fatty.. acids of the Anaplasma organism was obtaineci by

32
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analyziné the total lipid extract and the various classes of lipids in

isolate'd, partially-purified marginal bodies.

—

A. Fatty Acids of Erythrocytes from Asplenic Calves

Establishing the distribution and relative concentrations of fatty

acids in erythrocytes of young, asp_lenic calves was necessary before -
. patholog;c changes could be determined.” Data 6n the area percent

fatty acid‘ composition in tﬁ,é total lipid extract and the classes of
| ‘sterol esters, triglycerides, freé fétty acids, and phosphoiibids are
presented in Table.l. The fatty acids foﬁnd ranged from C 12:0 to'C 24:0
with appreciable amounts of odd-numbered fatty acids; Some .fatty. acids
were labeled with a specific carbon chain length followed by anindica-
tion that the fatty acid was unidentified. This designation was used
because the fatty acids had retention times which corresponded to the
carbon chain listed, but final structural analyses to determine the
degree of unsaturation, number of conj ugate_d double bonds, or brangh- :
..ing were not made in this study .

Fatty acids found in-tﬁe total lipid extract were predorhinantly
C16:0, G 18:0, G 18:1, G 18:2, G 22:U, and G 24:0. The component
with the highest concentration was C | 18:1 and thé next three highest
fatty acids, C 18:0,.C 18:2, and C 24:0, were each found in qﬁantiti'es
equal to about half tlfa?t/of oleic acid. |

High concentrations of fatty acids with retention times greater

than that of C 18:2 were found in the total lipid extract and the ratio
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Table 1. Area percent fatty acid composition of total 1lipid extract and
) lipid classes in bovine erythrocytes from asplenic calves.

Fatty Total Sterol Tri- Free Fatty Phospho-
Acids ‘Lipid Esters glycerides Acids lipids
C 12:0 Tpd 3.18 3.61 2,75 0.51
C 12:0 Tr 2.00 2,82 1.99 0.78
C13:0 . Tr 2.25 4,11 2.98 1.49
C 13:U0 Tr 6.25 - 3.38 3.51 1.16
C 14:0 0.59 5.13 5.79 4,64 0.73
.C 14:1 Tr 6.80 5.21 3.91 1.12
C 15:0 0.32 6.44 3.32 3.60 1.38
C 15:U Tr 5.40 4,18 3.78 0.70
C 16:0 7.99 7.99 12.45 14.43 15.41
C 16:1 - 2.59 7.17 5.25 5.88 2.03
C 17: 1.14 5.18 L.b41 3.17 2,04
C 17:U0 Tr 2.14 2.59 2,97 0.68
C 18:0 12.68 4,35 12.07 9.89 22:47
C 18:1 25.99 7.14 12.47 6.69 27.79
C 18:2 15.91 5.48 6.93 9.45 7.69
C 20:U © Tr 2.63 2.80 3.25 0.99
C 20:4 2.98 3.10 744 4,51 3.48
C 22:0 7.15 6.30 1.49 2.20 3.48
C 22:U0 9.96 L.hs 0.53 0.62 2.93
C 24:0 12.71 12.10 Tr 12.76 14.95

4Tpace amount.

PUnidentified fatty acid.
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of satﬁrated to unsaturated fatty acids (S/U) was calculated to be 0.,90.
This ratio is primarily a reflection of the high relative concentrations
of unsaturated C 18 fatty acids.

Thin-layer chromatography was used to separate lipids into the
classes of sterol esters, triglycerides, free fatty. acids, sterols, and
' pﬁo’spholipids . Gas-liquid chromatography was employed to analyze
the fatty acid composition of all classes (Table 1) exceb'g the sterolé
which do npt contain fatty acids.

-The moét impressive feature of the fﬁtty acids in the sterol e.ster
fraction was the striking uniformity of concgntrations . Only C 24:0
constituted more than 10 percent of thé ;cotal wlhiie each’ of the other
fatty acids made up about 5 percent. The preponderance of C 18 acids

noted in the total lipid extract was not apparent in this fraction.,
Hanahan gt al. (1960) reported on a similar study of the fatty

acids in'lipid classés of bovine eryt.'hrocytes.. They found 61 moles
percent of C 18:2 in the cholesterol ester fraction among other differ-
ences. The obvious differences in their report and these data are
subject only to speculation. —

Ways and Hanahan (1964) stated that differences in Aata from
iipid analyses are partially explained by the variety of extraction
and analytical procedures employed, not. all of which have been

definitively evaluated. Some differences in the procedures of

Hanahan et al. (1960) _and those used in this project are as fo'llows:}
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they collected blood from mature animals, ;Arashed the erythrocytes only
once, extracted with 95 percent ethanol and diethyl ether, ahd
separated the classes of lipids on silicic acid columns. Ethanol and
ether were shéwn by Ways and Hanahan (1964) to be much less effec-
tive for extraction of lipids from erythrocytes than methanokc_:hlproform
used in this project. Duncan and Garton (1962) studied the fatty acid
composition of lipid classes from bovine plasma and reported that the
C 18 unsaturated acids constituted 80 percent of the total fatty acid
fraction with C 18:2 accounting for 52.4 pércent. 'Perhaps thé high

concentration of C 18:2 reported by Hanahén et al. (1960) in

erythrocytes was partly due to plasma lipids adsorbed on the
erythrocytes which were washed only one time.

The triglyqeride fraction contained 12 percent each of C 16:0,
C 18:0, and C 18:1 with about 7 percent each of C 18:2 and C 20:4.
AOth‘er interesting featureé of this analysis were tl":e rather even dis~
tributions of minor‘component:s and the scarc;ity of long-chain fatty
acids beyond C 20:4.

Hanahan et .a_l_ . (1960) repo;ted a different di’sttibuiion of fatty
‘acids in.bovine e;'ythrocytic triglycerides. They found measurable )
amounts of C 16:0, C 18:0, C 18:1, and C 18:2 with only traces of .
othgr c;o'mp‘onents . The C 16:1 represented 62 moles percent in this
fraction. The probable reasons for the diécfepancies in data bév.e

already been discussed.



37
The principal free fatty acids in bovine erythrocytes were C 16:0,
C 18:0, C 18:1, C 18:2, and C 24:0 (Table 1). Each of the other com~
ponent fatty acids, except C 16:1 constituted less than 5 percent of
the total.. The relative percentages of C 18:0, C 18:1, and C 18:2
-.are <;f interest becau'se. the freé fatty acid fraction is the only class

in which C 18:1 is found in lower concentration than both C 18:0 and

C 18:2. Pr’eehfatty acids are présent in minute quantities in red blood
éells and reports on the cqmposifcion of this class of lipids in animai ,
species are lacking (van Deenen and de Gier, 19’64) .

Phospholipids uniformly constitute about 60 percent of the lipids
from mammalian red blood cells (van Deenen and de Gier, 1964); con-
Isequent.ly, the fafty acids in this class should closely resemble thqse
found in the total lipid extract. Such was the case in the analyses
reported in Table 1. The principal fafty acid components of the phos~-
pholipids were C 16:0, C 18:0, C 18:1, C 18:2, and C 24:0 just as
in the total lipid. However, C 22:U, which constituted about 10 per-.

cent of the total lipid, made up only about 3 percent of the fatty acids

found in phospholipid.

B. Erythrocytic Fatty Acids from Calves with A’napla.sr'noﬁ =

- The brimary purpose of thisA-project was to éopside;_ the effeéts
" of anaplasmosis on the fatty aqid cor.npc.);s‘ition of .bovine er'ythrocytes .
Progréssive changés throug.hout the course of the disease were fol-

lowed by periodic fatty acid analyses of erythrocytic lipids.
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1. Total Fatty Acid Composition.

The initial phase of this study involved the analysis of the total
fatty acid composition of erythrocytes during infection with A. marginale.
Since the infection causes a severe anemia which is often fatal, no more
“than 100 ml of bl.ood Were taken from' an animal at each sampling in
order to minimize the added stress of bleeding. Fatty acids in this
series of samples were characterizéd using a gas chromatograph with a
thermal.cond\ictﬁivity detector. As a result of the modest amount of lipid
obtained from each sample and the moderate sensitivity of the chromato-
graph, ‘lipid samples from 4 calves on corresponding days were pooled
prior to analysis. The z-;\nimals were inoculated on the same day and all
responded to the infectioﬁ in a similar manner as shown by the average
hematologi.c values listed in Table 2. |

Many interesting changes occurred in the total fatty acid composi-

tion of erythrocytes during anaplasmosis as shown in Table 2. The most

obvious changes were the diminut.ions in the concentrations of C 16:0,
C 18:0, C 18:1, and C 18:2 with a sharp increase in C 24:0 and more
gradual increases in C 22:0 and C 22:U. Asa guide to the changes in |
fatty acid cohtent, a ratio of saturated to unsaturated acids was calcu-
ia'ted for each an{;tlysis (Table 2). Unidentified fatty acids were not
considered in the calculations. Normal erythrocytes contain approxi-
mately the éarﬁe émounts of saturated and unsaturated fatty acids giving

a ratio of about 1.00. As the infection progressed, the value increased



Table 2. Area percent fatty acid compovsi.tion of pooled lipid extract and hematologic data from 4 calves
with anaplasmosis.

Erythrocyte count in millions per cu mm.

Fatty L Da-ys After Inoculation

Acid 0 3 5 9 11 13 17 21 23
C 14:0 - 0.59 0.58 0.49 0.78 0.77 0.38 0.61 -0.30 0.37
C 14:1 Trd Tr Tr Tr Tr Tr Tr Tr Tr
C 15:0 0.32 0.27 0.51 0.68 1.12 0.46 0.34 0.27 0.37
C 1630 7.99 13.77 6.77 6.25 5.82 6.71 6.11 3.60 3.80
C 16:1 2.59 2.87 1.46 1.94 - 2.42 1.61 1.13 0.87 1.82
C 17:0 1.14 0.80 0.52 1.24 1.54 0.89 " 0.47 0.49 0.74
C 17:Ub Tr Tr - Tr Tr Tr Tr Tr Tr Tr
C-18:0 12.68 17.90 8.95 7.39 7.25 9.13 - 9.30 .46 8.26
C 18:1 25.99 32.59 17.54 14,87 17.02 13.72 22.45 - 10.62 16.38
C 18:2 15.91 7.52 9.05 9.90 - 8.19 8.84 L.77 6.66 8.66
C 20:U : Tr . Tr Tr Tr Tr Tr Tr Tr Tr
C 20:4 2.98 2.45 4.98 3.35 9.76 9.51 1.65 3.67 11.21
C 22:0 7.15 3.18 4.03 8.18 4.18 0.51 6.60 12.36 3.67
C 22:0 . 9.96 3.88 7.88 7.25 4.70 8.35 10.75 23.11 10.01
C 24:0 12.71 14.20 37.81 38.19 37.23 39.87 35.80 33.24 34.71
S/Uc 0.90 1l.12 1.79 2.09 1.55 1.72 1.97 2.51 1.36
%ABd 0.00 " 0,00 1,00 4,90 L47.90 20.25 5.70 4,70 6.60
PCVe 3l.25 28.25 27.00 16.00 10.75 10.00 19.25 23.50 25.75
RBC 7.48 7.08 6.55 3.99 2.41 1.46 2.31 3.1 —
8Trace amount.

bUnidentified fatty acid.

CSaturated to unsaturated fatty acid ratio.

dpercent of erythrocytes containing Anaplasma bodies.

SPercent packed cell volume. )

6€.
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to more than 2.00 just prior to recrudescence indicatinga :decline in
the concentration of unsaturated acids and/or an increase in saturated
fatty acids .‘ The shift is possibly due to the influence of young or
immature red blobd c.ells . Fatty acid analyses of different aged
human -erythrocytes indicated-a slight increase in the ratio of saturated
to unsaturated f,afcty acids (van Gastel et al., 1965). Conversely,
Munn (1958) reported d'ecre.ases in saturated.acids and increased
unsaturated acids as erythrocyte matured. L
o 2. MMCngosition of Lipid Classes.
The initial study of erythrocytic lipids during anaplasmosis was
expanded to provide .data oﬁ the fatty acids in individual classes of
lipids separated by thin-layer cHromatography. Three splenectomized
célves were expérimentally infected with A. marginale and periodically,
the fed blood cell 'lipids from each calf were separated i‘nto 'sterol .
| esters, triglycerides, free fatty acids , ‘sterols, and phospholipids.
The sterols did not contain fatty acids; consequently, they were not
analyzed by gas-liquid chromatography. Each of the other fractions
was chrpmatoéraphed to quantitate its component fatty acids. Progress
of the infect@ons ih the 3 cal\}es is shown by th.e avez:aée hematologic
values in Table 3. Sequential fétty acid a_nalees of the various lipid
" fractions are presented in Tables 4-7.
Tabie 4 presents daté on the fatty acids from the sterol ester

fraction. Anaplasma infection in the calves caused a change in the



Table 3. Average hematologic data from 3 calves with anaplasmosis used in study of fatty acids in lipid

" classés,

Inoculation

Parameter ) 3 b2 § = ALt ; 2 9 10 _ 12 13
$AB? ©0.00 . 0.00 5,00 10.00 ‘npd 42.00 70.00 60.00
PC-Vb 23.67 24.33 16.83 23.00 ND 19.33 12.00 7.00
RBC® 6.67 ND 6.64 6.33 D 4.85 3.98 3.96

8Percent of erythrocytes containing Anaplasma bodies.
bpercent packed cell volume.

CErythrocyte count in millions per cu mm.

INot determined.

1874



Table 4. Average area percent fatty acid composition of the sterol ester fraction from erythrocytes of 3

~ calves with anaplasmosis.

Fatty

Inoculation

1.78 2.45

(]
oo

Davyvs After
Acid 0 3 5 7 9 10 12 13
C 12:0 3.18 - 2,47 4,03 1.99 0.94P 2.08 1.03P 1.35P
C 12:02 2.00" 0.77 2.89 1.13 - 0.84P 1.23 1.34P L. 8¢
C 13:0 2.25 1.80 3.73 . 0.90 0.12P 1.70 0.71P 144
C 13:U 6.25 1.55 2.29 0.91 0.62° 5.69 1.50P 0.67P
C 14:0 5.13 3.99 " 3.76 3.40 1.87P 4.78 . 4.012 5.04P
C 141 6.80 1.53 B.72 3.00 5.02P i 2,70 6.34P
C 15:0 6.4k 3.15 " 6.06 2.83 1.40P 2.78 2.45D 1.51
C 15:U 5.40 3.26 .7  2.59 . 2.10P 1.62 1.61P 0.57P
C 16:0 7.99 13.70 13.86 15.98 - 9.72b 11.32 14.80P 16.81P
C 1621 7.17 3.92 9.72 9.79 5.24P 9.72 8.12P .49
C 17:0 5,18 3.29 3.38 1.75 1.22P 1.23 0.86P 1.35P
C 17:U 2.14 2,34 2.64 1.1k 0.87P 1.87 0.67° 1.73P
C 18:0 4.35 6.65 6.79 8.31 5.39b 10.47 6.96P 9.80P
C 18:1 7.1k 7,99 9.12 12.24 9.05P 11.31 11.37P 11.532
C 18:2 5,49 6.31 10.13 6.12 23,98P 12.14 . 14.712 - 7.80P
C 20:U 2.63 3.14 ). 84°C 6.27 6.81P 5.96 1.09 1.46P
C 2034 . 3.10 4,52 2.04C 5.84 2.39P 4.65 1.44P 5.04b
C 22:0 6.30 10.00 2,73 2.66 1.94P 1.42 12.04P 2.422
C 22:U 4. i5C 5,11 1.97¢ 7.23 1.94b . 1.65P 2.61° 1.36
C 2430 12.10° 1k4.51 6.62¢ 17.56P 18.55P 15.18P 9.99 11.43P
s/ud 1.43 1.50 0.90 1.21 "1.38 1.3%

3Unidentified fatty acid.
bSingle value.

CAverage of 2 values.

dSaturated to unsaturated fatty acid ratio. -

v



Table 5. Average area percent fatty acid composition of the triglyceride fraction from erythrocytes of
calves with anaplasmosis. ,

Fatty Davs After Inoculation

Acid 0 3 5 7 9 10 12 13

C 12:0° 3.61 1.97 1.46° & 2.13 2.83P 3.10 0.48P 0.53P
C 12:02 ° 2.82 0.89 1.15% 2.67 4. 52P 1.04 1.39P 2.85P
C 13:0 - 4,11 0.61 0.85C 2.27 0.81 0.46 0.39P 0.49b
C 13:U 3.38 0.47 0.43¢ 1.62 0.69° 3.24 0.71P 0.25P
C 1430 5,79 3.63 2.87° 3.79 3.922 3.17 4,752 3.432
C 1lbs 5,21 1.73 4.55C - 3.15 3.98 3.70 5.22° 1.31

C 1520 3.32 1.10 L, 54C 1.86 2,110 2.63 1.32 1.10P
C 15:U 4.18 0.84 1.93¢ 1.51 1.09P 2.12 0.51P 0.65P
C 162 12.45 19.69 20.21° 19.62 21.1P 14.77 19.10P 18.35P
C 162 5.25 5,70 5.473C 7.33 5.14 6.92 6.152 6.102
C 17: ha - 2.62 1.74° 3.18 1.81P 2.01 0.88P b2k

C 17:U 2.59 1.24 .0.90¢ 3.67 0.72 1.28 0.642 0.86

C 18:0 12.07 15.73 13.73¢ 12.35 18.33P 11.17 13.87 14.272
C 18:1 12.47 25,18 23.89° 21.55 20.05P 18.31 22.96 30.95

C18:2 6.93 6.27 8.02¢ 5,51 2.30P 8.00 11,040 - 8.02P
C 20:U 2.80 7l 0.60° 6.49¢ 4.10P 12.07 2.98P 245D
C 20:4 7.4 3.41¢ 2.16° 3.04¢ 1.21 1.73¢ 1.02P 0.550
C 22:0 1.49C 0.97¢ L,27¢ 1.87P _— 2.00° 0.85P 0.60P
C 22:U 0.53P 1.03¢ 0.75P 1.83P —_— 0.98P 0.78P 0.22

C 24:0 _— 5,98 0.52 6.14P _— 9.62P 4.99P 2.80

s/ud 1.27 1.24 1.14 1.32 1.05 1.27 1.01 0.98

3Unidentified fatty acid.

bSingle value.

CAverage of 2 values.

dsaturated to unsaturated fatty acid ratio.

147



Table 6. Average area percent fatty acid composition of the free fatty acid fraction from erythrcytés of 3
calves with anaplasmosis. . X

Fatty Days After Inoculation )

Acid 0 3 5 7 9 10_ 12 13

C 12:0 2.75 0.50 1.89 1.96 1.32 1.10 0.230 0.22P
C 12:02 1.99 0.32 1.02 1.81 1.22 0.92 0.57P 0.51P-
C 13:0 2.98 0.30 1.70 1.58 0.59 2.58 0.50° | 0.142
C 13: 3.51 0.41 0.76 1.79 1.11 2.38 0.43P- 0.41°
C 14:0 L. 64 2.4 1.86 3.47 2.15 2.88 2.63P 2.56
C 14: 3.91 1.73 0.73 2.35 2.62 2,17 1.25P 1.66P
C 15:0 3.60 1.18 446 1.85 1.13 2.26 1.12P 1.60P
C 15:U 3.78 0.91 2,78 1.76 1.27 1.92 0.70P 1.25P
C 16:0 14.43 15.81 10.86 21.75 11.01 13.83 19.26P 20.94P
C 16:1 5.88 5.43 6.23 5.60 4.68 6.29 b.12P -7.08P
C 17:0 3.17 3.04 3.01 1.52 1.33 1.25 0.92P 1.49b
C 17:U 2.97 1.79 1.05 1.07 0.8 1.19 0.34P 0.93P
C 18:0 9.89 14.82 10.27 22.11 21.24 14.21 27,160 25,730
C 18:1 6.69 9.04 16.03 15.26 12.19 13.14 26.43P 18.66P
C 18:2 9.45 2.61 7.03 3.47 1.85 X 6.08P 6.62P
C 20:U 3,25 2.09 3.1 2.98 3.65 10.94 1.01P 1.85P
C 20:4 k.51 1.13 3.24 2.48 16.00 . 5.52 1.82P 1.25P
C 22:0 2.20° 22.35 2.58 5,60 15.73 - 2.04¢ 1.43P 1.73P
C22:U . 0.62° 6.9 4,28 0.68° — 2.78¢ 0.59° 1.17P
c 24:0 ° 12.76P 10.98¢ 16.15 4.03P _— 9.46¢ 3.12P 'y, 21
s/d . 1.85° 3.58 1.59 2.19 1.46 1.42 1.43 1.66
8Unidentified fatty acid.

bSingle value.

CAverage of 2 values.
dsaturated to unsaturated fatty acid ratio.
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Table 7. Average area percent fatty acid composition of the phospholipid fraction from erythrocytes of 3
calves with anaplasmosis. _ -

OO0 a0nn

Fatty Days After Inoculation

Acid 0 3 5 7 9 10 12 13
12:0. 0.51 0.05 0.26 0.09 0.06° 3.49 0.07P 0.01P
12:02 0.78 0.08 0.1 0.16 0.02° 2.85 0.052 0.04P
13:0 1.49 0.13 1.64 0.10 0.05¢ 0.87 0.07P 0.102
13:U 1.16 0.10 0.72 0.14 0.04° 1,60 0.04b 0.18P
1420 " 0.73 0.14 0.95 - 0.17 0.18¢ . 2.84 0.19P 0. 3P
121 1.12 0.14 1.52 0.17 0.07¢ 1.04 o.04® - o.28P
15:0 1.38 0.24 0.85 0.19 0.21° 3.78 0.19P 0.44P
15:U 0.70 0.23 - 0.6 0.21 0.13¢ 3.82 0.16P 0.44P
16:0 15.41 13.59 9.12 14.06 11.27¢ 8.87 11.40P 15.662
16:1 2.03 0.90 1.09 1.40 0.94° 1.51 1.09° 0.94
17:0 - 2.0L 0.84 0.74 - 0.52 0.73° 0.66 " 0.32P 0.54P
172U 0.68 0.58 0.92 5.09 0.47¢ 0,67 | 0.272 0.31P
18:0 22.47 19.33 15.35 18.61 16.09¢ 10.77 22,75 15.93P
18:1 27.79 30.79 26.86 23.32 . T 33.25C 24.97 ©29.73P 31.32P
18:2 7.61 11.60 13.00 ~ 8.25 13.14¢ 11.00 . 10.76P © 12.58P
20:U 0.99 0.34 1.34 1.35 0.43¢ 1.57 0.34P 0.28P
20 2k 3,48 L7 6.68 3.91 4. 36° 7.11 L. LP b.97P
22:0 3.48 4.10 . 7.17 L.33° 3.11° 347 3.81P 3.60P
22:U 2.93¢ 1.06 2.58 1.05° 0.84C 1.04°  1.22P 1.052
2420 14.95 . 10.98 12.17 18.56C 14.60C 9.88¢ 13.03 11.00P

s/ud 1.49 1.03 0.98 1.53 0.89 0.98 1.12 0.95

8Unidentified fatty acid.

bSingle value. )

CAverage of 2 values.

dSaturated to unsaturated fatty acid ratio.

SP
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uniform distribution of fatty acids discussed earlier in uninfected blood.
For example, C 16 and C 22 increased in concentration s'oon after
inoculation of the animals.. Increased amounts of C 16:1, C v18:0,‘

C 18:1, and especially C 18:2 may alsn be noted from the data. The
ratio of saturated to unsaturated fatt\y acids was calculated each day

of observation and this offers-an index to some of the collective changes
which occurred. The relatively high ratio which exisped at day 0 in~
creased sharply by day 3, then gradually decreased far below the nvormal
by day 9 prior to returning to the preinoculation level.'. The lowest
values were found to occur just prior to the peak marginal body count

when the réd blood cell count and the packed cell volume were decreas-
- ing rabidly. |

Changes in the fatty acids of the triglyceride fraction were much
greater than in the sterol ester fraction. The tabulated data (Table 5)
reveal that most of the minor component fatty acids of triglycerides
from uninfected erythrocytes decreased slightly through the infection,
while the concentrations of the more prominent fatty acids, C 16:6,
C 18:'0, and particularly C 18:1, increased. C 24:0 was not detectable
in the normal é‘ample, yet'during the infection it constituted up to 9 6
percent of the total fatty acids. The saturated to unsaturated ratio
remained relétively stnble in this lipid frécfion even with the afore- a

mentio_ned chang‘es which occurred. This fact helps to point out that

the ratio is useful as a means of emphasizing some moderate or
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small change‘s , yet othgr greater changes may have little effect on the
ratio.

The pro'file qf free fatty acids also changes during Anaplasma
infection (Table 6). The changes are best summarized by noting that
the fatty acids which predominate in normal erythrocytes increase in

concentration during infection while the oth‘er fatty acids deqreas'é in
concentration. Specifically, the concentration of C 16:0, C 18:0,
and C 18:1 increased throughout the course of the disease while

- C 20:U and C 20:4 showed sharp, but transient increases. The content
of C 22:0 fluctuated dramatically from éample to sampl'e. The S/U ratio
éﬁar;ged most in this lipid fraction, quickly. increasing from‘a pre-
i‘noculatiori 'value of 1.85 to a high of 3.58 after which it grédually
decreased during the remainder of the observation period.

Changes in the fatty acids of the ph’osp.ho.lipid fraction were
similar to those of the free fatty acid fraction in that here too, th'e.
major fatty acids increased in concentrations. The increase in major
componénts consequently resulted in relative decreases in minor com-
ponents. - Such was the case with C 18:1 and G 18:2; however, C 18:0
decreased in a manner similar to the decrease noted in the total lipid
extract. On the other hand, C 16:0 deqreased temporarily through the
infection and” returned to the value found before inoculation. Since
the phospholipid fraction constitutes the major class of the lipids of A

erythrocytes as ment'ioned earlier, the changes in phospholipids should
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influence the total changes more than any other fraction. This pro-
nounced influence is not evident from the S/U ratios of fatfy acids
from phospholipids. The S/U ratio of the phospholipid fraction dropped
and remained low through the infecti‘on, whereas, the ratio in the total

lipid extract increased twice during the disease.

- C. Eg. throcytic Lagiy ﬁ_iggk from Célves with E_Imervthrx:ogoongi_s
Eperythrozoonosis haé been encountered as a cause of anemia in
splenectomized'cattle and as a complicating factor with anaplasmosis
under experimental conditions (Jensen, 1943). During the cou.rse of the
present broj ect several acute cases of eperythrozoonosis developed in
splenectofnized calves . Subsequently, the infection was maintained
_fof experimental purposes by frequent passages in calves. Lipids of
inffected .erythrocytes were énalyzed to gain basic infoi‘mdtion on the
. ‘molécular c‘h;’-mge.s associated with the disease.
One part of the study involved fatty acid analyses 6f the total
lipid extract of erythrocytes from calves with concomifant inft?ctions

of anaplasmosis and eperythrozoonosis. Fatty acids in the various
classes of lipids from erythrocytes were also determined on another
series of calves with experimental eperythrozoonosis.

1. Total Fatty Acid Composition. '

-

Four splenectomized calves were experimentally inoculated with =~

Anaplasma-infected blood which also carried a latent infection of
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Eperythrozoon. The calves showed evidence of concurrent infections of

anaplasmosis and eperythrozoonosis 3-5 days after inoculation. The
Anaplasma infection was mollified to the extent that 3 of the calves
developed less than 8 percent infected erythrocytes and the fourth calf
peaked at 24 percent after a lengthened incubation period (Table 8).

The dual infection did not produce a precipito‘us drop in the packed cell
volume and erythrocyte count which is associated with pure anaplasmosis,
but rather a gradual decrease as shown by the hematologic values in

Table 8. Eperythrozoon were only evident in blood smears for 4-6 days.

The analyses of fatty acids from thése 4 calves prior to inocula-

tion were in close agreement with the preinoculation values discussed

earlier for 4 calves with anaplaSmosis (Table 2). For example, the
concentrations of C 16:0 and C 18:0 increased shortly after inoculation,
but soon dropped to levels belovv the preinoculation values. The pattern v
for C 18:1 was much the same except that it went through two cycles.
Mixed 1nfection elicited a response in the concentration of C 24 0 which
was quite different from that associated with pure anaplasmosis. The
initial concentrati‘on of '14 percent dropped to 7 and was followed by a
second cyclic increase to 28 percent before falling precipitously to a
.value of 2.0 percent.‘ Another indication of the changes involved is

the S/U ratio which'remained nearly stable throughout the observation

period except on day 9 whenit 'increased over 50 percent, Subsequently,
fthe ratio dropped below the level observed initially. The high S/U ratio

on day 9 was a reflection of the high concentration of C 24:0.



Table 8. Average area percent fatty acid composition of erythrocytes and hematologic data from 4 calves
. with mixed infections of anaplasmosis’ and eperythrozoonosis.

Fatty - . Day s After Inoculation

Acid 0 1 3 5 7 9 11 13 15
C 14:0 0,62 0.48 1.57 0.51 0.46 . 0.72 0.66 0.46 2.85
C 14:1 Tr@ Tr . Ir ~ Tr Tr Tr - Tr s Tr.
C 15:0 2.32 0.32 . 2.36- 0.47 0.61 1.13 . 1.30 0.79 Lok .
C 16:0 - 9.37 10,04 10.42 7.86 10.35 7.88 - 9.65 10.04 9.55
C 16: 3.93 - 2.69 4,22 2.65 2.55 1.97 2.44 1.74 5.03
C 17:0 . 1.28 0.90 1.21 1.23 1.19 - 1.40 1.53 1.10 4.81
C 17:Ub Tr Tr . Tr Tr Tr Ty Tr Tr Tr
C 18:0 . 14,64 14.50 16.02 15.18 13.58 . 12.10 12.97 13.45 13.35
C 18:1 22.58 26.18 22.83 -21.84 22.83 . 17.40 23.3L 24 .62 16.54
C 18:2 15.47 15.47 15.69 16.69 14..58 11.43 12.35 16.35 15.04
C 20:0 Tr Tr - Tr Tr Tr Tr Tr Tr Tr
C 20: 6.96 7.68 5.28 8.46 9.38 7.01 7.73 7.71 11.37
C22:0 . 5.02 8.02 4,40 6.16 5.99- 6.32 4.65 3.94 4.20
C 22:U0 - 3.76 6.17 3.33 . 6.73 5.05 4.15 2.13 4,78 . 4.80
C 24:0 . 14.03 7.6L  12.69 12.22 13.45 28,50 2.13 15.02 = 8.4
- s/uc 0,96 0.80 1.01 0.88 0.92 1.54 ©0.72  0.89 0.98
gaBd 0.00 0.00 1.00 1.80 2.30 4.50 5,30 6.50 7.00
EPE® - - - . T + + -+ t *
pcvE 28.25° "~ 32.25 . 28.50 26.25 - 23.25 22.25 16.25 15.00 14.00
RBCE 9.84 10.20 8.97 9.28 7.3 5.40 4,33 4.55 3.11

4Trace amount.
bUnidentified fatty acid.
CSaturated to unsaturated fatty acid ratio.
dPercent of erythrocytes containing Anaglasma bodies.
®Eperythrozoon in blood. °
Percent packed cell volume.

€Erythrocyte count in millions per cu mm.

0S
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2. Fatty Acid Composition of Lipid Classes.

Two spléhectomized calvés were inoculated with Eperythrozoon-
infected blood to experimentally produce an acute ihfection. A heavy
- parasiteinia occurred in qboﬂt 7 days which wa's folloWed'by a
| moderately severe anemia as indicated by the hematologic values
listed in Table 9. The organisms were observed in blood\'smears for

a period of 10 days. Lipids from erythrocytes of the 2 animals were

extracted throughout the initi_al parasitemia and fractionated into classes
by thin-layer chromatography for analysis of the fatty acids.

The sterol ester fraction of lipids contained four major components,
namely C 16:0, C 18:0, C 18:1, and C 18:2 (Table 10). Other compo-
nents each constituted less than.5 percent of the totél, except C 16:1
which dontributed 8.73 percent of analysis. During eperythrozooriosis '
the concentration of C 18:2 changed more than any other fatty acid by
increasing from 13.51 percent to a high value of 47 .07 percent.

Smaller variaiio'ns occurred in the concentrations of C 12:0 through

C 17:U. The content of C 18:0 and C ‘18:1 decreased'.during mosiof '
the observation period; however, both fatty acids were presént;in
h_igher conceni_;fations on day 17. The S/U ratio fluctuated through
two cycles during thé infection. |

Triglycerides of erythrocytes from the two calves with e’pei*ythro-
zoonosis contained C 16:0 as the predominant fatty acid thr'éughou"c

most of the period 6f observation (Table 11)'. This fraction was also
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Table 9. Average hematologic data from 2 calves with eperythrozoonosis used in study of fatty acids in
1lipid classes. '

Days After Inoculation

Parameter 0 ) 3 G 7 10 12 15 17 19 22
PCV3 29.50 © .'30.50 28,50  27.50  27.50 27,50 ~  NDO ND. 20,50  24.00
RBCP 9.40 «  8.97 8.49  -7.88 7.3k 7.51 ND D Y 6.11

EPEC oL ' - _ + o+ + +

' afercent packed cell volume.
bEry'throbyte count in millions per cu mm.
CEperythrozoon in blood.

Aot determined.

¢S



Table 10. Average area percent fatty acid composition of the sterol ester fraction from erythrocytes of 2
calves with eperythrozoonosis.

Xz oz ks iz Rz iz iR R e Rz ks Rr R oo Ry

Fatty Days After Inoculation

Acid- 0 3 5 7 —_ 10 12 15 17 19 22
12:0 1.09  1l.61 3.92 2.17 2.67 3,06 3.1 1.33 2.80 1.96
12:02 1.76 3.03 3.14 1.90 2.26 2.65 1.46 3.28 2.15 2.68
13:0. . 1.26 2.30 2.04" 2.11 2.27 2.40 1.33 0.6k 1.67 1.57
13:0 1.89 2.34 2.25 1.56 1.26 1.07 1.03  0.47 1.33 1.29
14:0 - 2.86 4,19 3,92 5.59 3.74 2.74 3.22 2.35 3.99 3.28
121 3,02 3.2k 3.48 .58 3.13 2.18 1.91 1.71 3.39 3.11
15:0 - 4,16 2.52 4.36 L. ok S 3.14 2.14 1.61 2.07 3.06 3.71
15:0 2.27 - 3.16 4.23 3.39 2.4 2.78 1.73 1.30 2.71 2.88
16:0 11.06 7.93 13.41 17.13 18.99 11.70 11.40 13.32 13.46 12.79
1621 8.73 6.46 . 12,78 13.06 10.32 7.53 5.98 - 7,06 13.85 14.78
17:0 4.07 3.90 4.67 2.73 2.95 1.54 0.73 1.77 1.89 2.35
17:0 - 1.97 3.21 3.32 2.33 2.85 3.78 1.52 1.54 1.53 1.99
18:0 11.72 6.52 5.84 9.146 9.37 6.8 3,47 19.35  6.33 7.60
18:1 °  15.48 7,56 7.40 11.92 11.12 9.2k 9.93 14,49 9.48 11.56 -
18:2 13.51  7.03 9.4 6.07 . 11l.44 20.24 47.07 17.68 11.15 12.37
20:U 3.68 2.20 2.67 2.49 1.98 6.25 2.72 1.92 2.32 3.09
2024 4.81 ° 12.79 5.4 3.84 4,71 1.68 0.99®  3.53 4,26 6.20
22:0 2.40 8.37 2.89 1.18 1.36 2.60 0.29P 1.07 5.39 2.71
22:0 3.20 3.94- 2.94 1.10 1.64P 6.19 - 0.20P 4. 96P 2.18 2.43
240 2.16P 7.66 1.88 2,4 6. WP 3.40 1.99P 5,290 14.13P 3.31P

s/uc 0.90 1.21 1.11 1.21 1.25 0.89 0.42 1.06 1.25 0.82

30nidentified fatty acid.
bsingle value. .
CSaturated to unsaturated fatty acid ratio..

€S



Table 11. Average area percént fatfy acid composition o
calves with eperythrozoonosis.

f triglyceride fraction from erythrocytes of 2

apoaocgaoanancocnaaaan

Fatty Days After ‘Inoculation
Acid 0 3 5 7 10 12 15 17 19 22
C 12:0 . 2.36 3.32 1.56 2.2 1.71 0.27 1.82 0.97 1.86 1.43
12:02 2.05 b.32 1.77 1.87 1.05 0.42 1.08 0.56 0.45 1.82
13:0 1.19 2.21" 2,02 1.51 . 1.37 0.40 1.08 0.60 1.38 0.85
13:0 119 1.73 3.18 0.98 1.39 0.19 0.30 0.35 0.36 1.51
14:0 5.46 4,21 3.08 4,55 2.73 0.92 2.37 1.86 5.35 3.68
11 3.78 3.53 . 2.43 2.77 2.37 0.35 0.99 0.85 1.88 1.96
15:0 342 2.05 2.23 2.70 2.63 0.70 1.40.- 1.27 3.73  2.48
15:0 - 2.10 1.79 1.33 1.51 1.36 0.38 0.86 0.78 1.22 1.25
1620 19.91 18.15 15.65 17.86 20.43 13.10 22.52 - 17.07 19.86 17.82
16:1 11.15 7.85 6.42 9.43 5.76 1.86  9.98 3.46 7.33 10.32
17:0 4.32 5.55 3.49 - 4,76 3.99 1.20 6.20- 2.05 6.11 3.29
17:0 2.57 2.14 1.76 1.9 1.16 0. 74 1.53 0.62 1.7% 1.05
18:0 9.13 10,44 9.84 10.63 13.91 22144 22,65 21,13 11.58 . 10.56
18:1 16.01 15.08 17.78 18.25 13.78 28.89 17.08 27.79 20.02 19.74
18:2 .6.56 5.33 10.14 6.07 6.58 16.37 7.71 12.52 5.92 6.39
202U 0.72 4,83 1.70 2.72 2.59 0.89 0.56 1.22 2.01 451
203k 3.45 1.83 2.46 1.74 8.86 8.82 0.93 1.37 1.17 1.58
22320 1.00 2.146 2.08 1.61 2.48 0.80P 0.73 0.64 4.7 0.87
2210 0.73 2.13P 7.02 1.43 1.00 0.79P 0,34 2.18 2.30 L.06
21420 2.91 4.28°  4.03 5.30 4.37 2.55P - 1.04°  2.67 2.00° 4,93
1.57 1.12 1.34 1.4 0.76 1.63 - 1.05 1.23 1.15

s/u¢ .+ 1.21

aUnidentified fatty acid,

| bSingle value,

CSaturated to unsaturated fatty acid ratio.

vS
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éomposed of relatively high concentrations of C 16:1, C 18:0, C 18:1,
and C 18:2. The levels of C 18:0 and C 18:1 greatly increased as a
result.of the disease. Several of the minor components, both short-
and long-chain f_a;tty acids such as C 14:0, C 22:0, and C 22:U varied
~only a few percent from the start. However, when compared to the
preinoculation values, these increases Were as high as 2 to 3 fold. .
The S/U ratio in this fraction remained relatively stable.

Three fattf acids, C 16:0, C 18:0, and C 18:1, constituted
.a.lmost half of the free fatty acid class of erythrocytic‘lipids from
Eperythrozoop—~infected calves (Table 12). Concentrations of C 16.:0
diminished to about 56 percent of the p_reinéculation level when the
organisms were observed in the blood, however after the parasitemia
dis'appeared, the concentration ‘of this fatﬁy gcid returned app;oximat’ely
to its initial value. in' the period of observation, the level of c 18:0
increased progressively from about 10 percent to a high value of 43.95
percent. Some of the long-chain fatty acids which were minof co_mpo-'
nents aiso varied in concentration as a result of the dj.sea.se.. For
example, C 22:0 increased 13 fold by 12 days a‘fter.inoculation. The
primary reason for the high S/U ratio at. that stage of the disease was
dué to the hiéh conceﬁtrqtion of C 22:0 and the drastic decrease in
the concentration of C 18:1. Shortly afterward, the level of C 22:0
N decreased and the coﬁtent of C 18:0 reached maximum, thereby main- |

‘taining a high S/U ratio.



Table 12. Average area percent fatty acid compoéition of the free fatij acid fraction from erfthrocytes of
. 2 calves with eperythrozoonosis. .

Fatty . Days After TInoculation

Acid. 0 3 5 7 10 12 15 17 19 22
C 12:0 3.32 1.92 2.29 " 1.9% 1.39 0.60 0.93 1.08 1.63 0.96
C 12:08 0.94 1.52 2.10 1.62 1.22 2.63 0.44 1.31 1.25 1.71
C 13:0 0.66 0.66 1.88 1.27 1.48 1.36 - 0.52 0.69 1.79 0.63
C 13:0U 0.54 1.00 1.21 0.82 1.31 0.74 - 0.58 0.94 .44 0.51
C 1430 4,59 3.1 L. 24 2.76 2.65 3.30 1.95 2.91 3.51 L, 25
C 141 . 2,92 1.90 2.43 1.68 1.89 2.00 0.74 1.30 3.34 1.59
C 15:0 2.85 3.03 2.48 1.81 1.94 2.57 1.38- 2.07 2.89 3.87
C 15:U "1.20 1.04. 1.56 0.62 0.75 1.78 0.50 1.45 1.73 1.08
C 16:0 24,27 12.04 23.11 13.41 17.52 11.96 13.28 15,92 19.18 23.38
C 16:1 . 7.67 3.10 7.76 5.40 L.71 2.16 2.71 7.81 7.00 9.76
C 17:0 2.37 2.30 3.26 1.78 2.88 1.33 "~ 1.60 1.35 2.96 2.36
C 17:U - 1.65 . '1.68 2.25 "0.89 1.35 1.53 0.56 1.91 1.97 1.32
C 18:0 9,98 18.87 12.49 13.63 17.75 16.53 43,95 10,06 15.26 16.42
C 18:1 19.70 23.64 13,67 18.60 19.89 7.86 15.85 15.97 14.73 18.70
C 18:2 4,60 7.58 5,35 .,8.02 8.02 .10.20 6.49 25.13 5.35 5,01
C 20:U 2.78 3.92 7.21 l.42 1.72 . 4,79 0.67 1.22 4,08 2.15
C 20:4 1.45 3.09 1.07 2.47 2.56 3.99 2.4 1.87 1.25 1.32 -~
C 22:0 1.29 1.93 1.40 3.40 3.54 17.25 . 1.93 2.71 3.17 1.80
C 22:U 2.12 0.93 1. 1.77 0.79 0.65 1.0 0.68 9.26P 0.62P
C 24:0 4.86 6.42 2.8 16.68 6.67 6.88 4. 53b 3.59 5.42P 6.2ub
s/uc 1.49 1.29 1.78 1.57 1.50 - 2.36 2.48 0.78 1.76 1.65

alnidentified fatty acid.
bsingle value.

CSaturated to unsaturated fatty -acid ratio.

9s
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AErythrocytic phospholipids during eperyt_hrozoonosis contained
only minute amounts of fatty acids with éhain lengths shorter than
16 carbons (Table 13). The major fatty acid combonents of the phospho-
lipid fraction were C 16:0, C 18:0, C.~1_8:_1, C 18:2, and C 24:0. The
amount of C 16:0 and C 18':1 remained fairly consfant throughout the
pefiod of study, whereas C 18:0 fluctuated considerably. The other
major fatty acid, C 24:0, decreased during the infection but approached
the preinfection level at the end of the lobservation’ peribd. The S/U
ra;tio dropped from 1.16 at the time of inoculation and remained below ‘.

this value.

D. ’Analz’ ses of Fatty Acids from Isolated Anaplasma Bodies

Most of the -investigations of anapla?.mosis have been conducted
on populations of erythrocytes during experimentally-induced infections. |
Such studies are useful in détermininé the effects or results of
Anap lasma infection, but they offer little information :on. the organism
per se since it constitutes such a small part of the mass of infected
erythrocytes or erythrocytic stromata. Analyses of the isolated; purified
organisms are the oniy way to unequivocally determine théif combosition
and properties. There is no method available for isolating Anaplasma
which are completely free of contaminating erythrocytic stromata; how-
ever, highly purified preparations may be obtainéd using ultrésonic
trgatment of infected erythrocytes and differential centrifugation aé 3

previously described. Such preparations of marginal bodies appear

4



- Table 13.. Avefage area percent fatty acid composition of the phospholipid fraction
calves with eperythrozoonosis.

from erythrocytes of 2

Fatty Days After Inoculation

Acid 0 3 5 7 10 12 15 17 19 22
C 12:0 0.05 0.18 0.06 0.06 0.06 - 0.06 0.01 0.05 0.09 0.06
C 12:02 0.04 0.10 0.09 0.09 0.09 0.04 0.05 0.10 0.03 0.11
C 13:0 0.64 1.13 0.08 0.10 0.08 0.10 0.06 0.1% 0.06 0.08
C 13:0 0.05 0.17 0.08 0.13 0.09 0.04 0.08 0.10 0.08 0.09
C 1420 0.27 0.32 0.22 S 0.26 0.34 0.25 0.18 0.21 0.15 0.18
C 14:1 0.07 0,31 0.12 0.17 0.14 0.10 0.08 0.12 0.08 0.09
C 15:0 033 0.34 0.30 0.30 0.32 0,39 0.30 0.17 0.18 0.22 °
C 15:U 0.28 0.32 0.30 0.26  0.35 0.25 0.19 0.20 0.20 0.49
C 16:0 10.57 10.69 10.96 8.41 11.63 11.97 14,21 11.52 . 11.16 10.44
C 16:1 1.50 . 1.54 1.37 1.08 1.31 1.19 0.85 1.18 1.30 1.20
C 17:0 0.90 0.94 1.01 0.82 1.02 0.99 1.01 0.68 0.71 0.69
C 17:U 0.56 0,59 0.71 0.50 0.60 0.l41 0.34 0.47 0.50 0.55
C 18:0° 18.05 14,01 14.16 16.63 20.59 18.80 20.32 11.22 13.38 16.50
C 18:1 25.90 27.32 26.83 26.87 15.43 244,00 19.06 26.33 27.89 24,26
C 18:2 10.32 18.44 16.44 16.81 17.67 17.55 19.35 14.03 17.08 18.36
C 20:U 0.42 . 1.22 0.43 0.56 1.04 1.24 1.39 0.32 0.53 0.54
C 20:4 5:38 6.61 5.96 3.90 8.08 7.26 9.66 6.29 7.24 6.17
C 22:0 3,54 347 3.77 3.75 3.87 2.74 2.50 4,64 3.36 3.50
C 22:0 0.99 10.82 1.26 1.07 1.47 0.18 0.88 1.57 1.02 1.06
C 24:0 15.85 9.12 11.65° 11.66 11,27 8.09 7.23 16.42 11.37 12.12
C 24:1 4,89 2.36 4,20 3.57 4,53 3.56 2.25 4,23 3.54 3.2
s/uP 1.16 0.74 0.83 0.86 1.15 0.87 0.94 0,94 0.75 0.87

4Unidentified fatty acid.

bSaturated"to unsaturated ratio.

8§
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practically free of contaminating stromata when examined by dark-field
or electron microscopy.

Partially-purified Anaplasma bodies were prepared in this manner
and the lipids were extracted for fractionation by thin-layer chromato-
graphy and subéequent fatty acid analysi; . Part of the unfractionatedv
lipid extract and each lipid class séparated by thin—layer chromato-j
graphy was'esterified. for fatty acid analyéis by gas-liquid chromato-
graphy. Results of these analees are present;ed 1n.Table 14, The
major‘ cémpbn’ents found, namely C 16:0, C 18:0, C 18:1, énd C 18:2A,
accounted for over 86 .00 percent of the fatty acids of the total lipid
extract ;—.md the‘phospho'lipid_ fracti.on. By far the greatest portion is
due to C 18:1 wh.ich constitutes over 40 percent of the 2 fractions.
Fatty acids other than the 4 mentioned, ranged from C | 12:0 to C 24:0
and were found in much smaller quantities.

| The triglyceride fraction was comprised of fétty acids C '12:0
to C 18:2 with the C 16 and 'C' 18 series predominating. This fraction
also contained over 5 percent of C 14;‘0‘ which was the highest concen-
tration of that fatty acid found in any of the fractions.

The free fatty. acid fraction cohtained prominent ;mounts of
6 16:0, C 16:1, C 18:1, and C 20:4 with smaller amounts of other
fatty acids from C 12:0 to C 20:U. High concentrat.ions of C 16:1

and C 20:4 were the most interesting features of this clasé of lipids

from A. marginale,
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8Unidentified fatty acid.

bTrace amount.
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Fatty acids in the sterol ester fraction were more evenly distri-
bute.d t;han in any other of the lipid fractions. Only one fatty acid
contributed fnore than 10 percent of the total. Consequently, many of

the other fatty acids appeared in relatively high concentrations.

E. General Discussion

The primary purpose of this investigation was to gather basic

data on the fatty acid content of erythrocytes from splenectomized
calves prior to and during experimental infections of A. marginale and
E. .\'/venxoni. Thé moderéte to sevefe anemias associated with these
diseases' are accompanied by surface alte;ations in the circulating
erythrocytes (Neitz, 1940; Dimopoullos and Bedell, 1961, 1962, 1965;
Difnopoullos , 1964). However, only limited information is available on
the mechanism of the .aner'nia at the molecular level. Lipids aré essen-
tial constitueﬂts of the red cell membrane and knowledge of the exact
chemical structure of the members of various lipid classes as well és
their proportions ‘is a strict requirement for definite formulation of the
molecular structure (van Deenen and‘ &e Gier, 1964). This investiga- -
tion was deéigned to §btain data which. would be helpful in understahd-
1ng tl‘ie holecular composition of bov;ine erythrocytes and the alterations
~which ocdurred during the anemias. |

- The fatty acid patterns of human red blood cell lipids have been

investigated in a number of hemolytic diseases by Munn and Crosby " _

(1957, ‘196 1). Many deviating values were recorded, but these could
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not be correlated with a specific disease. However, in a number of
cases they found a relatively low level of linoleic acid which was con~
sidered to be a consequence of immaturity of the erythrocyte population.
Similar findings were reported by de Gier et al. (1964) for erythrocytes .
assoclated with pernicious anemia, hereditary spherocytosis, hereditary
elliptocytosis, and nonspherocytic hemolytic anemia.

Table 15 relates the fatty .acid- composition of the total lipid
-extract of normal and Anaplasma-infected erythrocﬁes to partially-
purified marginal bodies. The concentrations of C 20:4 and C 24:0 |
increased during infection, whereas nearly all of the other fatty acids
decreased. The changes do not appear-to l;e merely the result of the
contribution of the structurel lipids of marginal bodies within the.
erythrocytes since the composition of the marginal body.differs greatly
from that of the infected cell. Decreased concentrations of the C 18
series could be interpreted, in the light of the preceding ldiscussion,
to mean that at least part of the changes mayhave been due to the
presence of immature red blood cells. On the other hand, the decrease
in concentration of C 16:0 and the decrease in concentration of leci-
thin reported by Schrader and Dimopoulios (1963) couldirnply an
increased permeability of the cell meinbrane as'suggeste’d' by van
Deenen and de Gier (1964). | |

'The high concentration of C 24:0 in ery:thrOCyte"s during ana-

.plasmosis is interesting because van Deenen and de ‘Gier (1964) report
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i

Table 15. Area percent fatty acid composition of total lipid extract
from normal bovine erythrocytes, Anaplasma-infected bovine
erythrocytes, and partially-purified marginal bodies.

Fatty Normal —infécted Marginal

Acid Erythrocytes Erythrocytes Bodies
14:0 o 0.61 - 1.77 0.61
14:1 Trd . Tr 0.20
15:0 1.32 l.12 - 0.38
15:U . Tr Tr 0.43
16:0 8.68 5.82 _ 19,65
1611 . 3.26 ' 2,42 ' 3.39
17:U0 _ Tr Tr 0.85
18:0 13.66 7425 11.73
18:1 24,29 17.02 . 4y, 78
18:2 15.69 8.19 10.16
20:U0 Tr Tr ' 0.19
2024 4,97 9.77 3457
2210 : 6,08 4.19 0,67
22:U . 6.86 . 4,70 0.3
24:0 13.37 v 37.23 2.36

oNeoReNoNoNoNoNoNoNoNoNeNo N No N

8Trace amount.

PUnidentified fatty acid.
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that C 24:0 is a very c};aracteristic fatty acid of the glycolipids. Earlier
studies of erythrocytic stromata from Anaplasma-infected calves
revealed increased concentrations of sialic acids (Dommert, 1963),
components of a type of-glycolipid. The companion data suggest that
~the glycolipids of the infected erythrocyte were altered during the
disease. Perhaps. future investigations in this’ area‘wiill aid in undér-
standing the mechanisms of hemolytic anemias, partidularly those of
infectious etiology.

Information on progressive fatty acid} changes in various lipid
classes throughout .the course of infectious anemias is vilrtually absent
in the literature. The mech.anisms of such changes are also lécking;
consequently, formulation of theories on these changes must await
furthér investigatiohs and evaluation of data. In the case of the‘ two
disea.se.s studied in this proj'ect, more detailed studies will be necessary
to elucidate the factérs influencing the alterations. Perhaps the increase
in body 'tempé;ature of the host during infection causes aiterations in
enzyme ratés or perhaps the invading organiéms possess enzymes which
are résponsible for modifying the host cells. The presence of enzymes
such as catalase A(an'llac‘e and Dimopoullos, 1965a) ' cholinesterase
(Wallace, 1966), and lactic dehydrogenase (Darre 1966) have been
associated with A. marginale. These factors acting alone or in com-

bination may play. a role in altering the erythrocytic membranes so that
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their structural integrity is affected. Another po.ssibility is that the
alterations are sufficient to make the erythrocytic membranes anti-
genic, thus initiating an autoimmune response as suggested by

Ristic (1960).



SUMMARY AND CONCLUSION

Lipids were extracted from erythrocytes of 4 splenectomized
calves throughout the course of experimental anaplasmosis. The lipids
from corresponding days were pooled, converted to methyl esters, and
analyzed by gas-liquid' chromatography. T-he pre'don'linant‘ fatty acids
were found to be C 16:0, C 18:0, C 18:1, C 18:2, C 22:U, and C 24:0.
In the preinoculation pool, C lézl comp;ised 25.99 plercelnt 6f the total"

composition, whereas during the height of parasitism C 24:0 became °
thHe principal fatty acid, contributing almost 40 percent of the total
fatty acids. Anaplasma infection also produced drastic decreases in

concentrations of C 18:0, C 18:2} ahd C 22:0 in the total lipid frac-
tions., The S/U ratio of fatty acids increased markedly as a result of
the infection, reflecting the increase in concentrations of s;aturated
fatty acids and/or the‘decrease in concentrations of unsaturated fatty
acids.

E&throéytic lipids from apothef series of 3‘ calves infected with
A. marg. inale'_were fractionated 1ntc_>:tero'l esférs , triglycerides, frge_
fatty acids, and phospholip.ids by thin-layer chromatography. The
fatty acid composition of each fraction was assayed and data from
corres.ponding days averaged. The gfeatest changes were reflected
by the increases in the content of C 18 saturated aﬁd uns;atufated fatty

acids and C 22:0. Only the triglyceride .fraction exhibited increased

66
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concentrations of C 24:0 somewhat approximating those values observed
.in the pooled samples of the tetal lipid extracts.

: Duai iﬁfections of anaplasmosis and eperythrozoonosis were
i'nvestigated'in 4 calves. Fat'ty.acid analysés were conducted on
erythrocytic lipids collected during t‘he first acute phase of the con-
comitant infections. The élterations in fatty acid c;omposition were
minimal, with most of the changes occurring in C 20:4, C 22:0, C ZZ:U.,
and G 24:0. | |

Fatty acids in“the cla'sses.o_f erythrocytié lipids were detefmined
from 2 c;alv”es' experimentally infected with E. wenyoni. Most of the
fatty acids of carbon chain lengths shorter th.an 18 showed minor varia-
tipns or glight decreases in congentrations , whereas ‘the longer chain
fatty aciés tended to show the greater increases in concentration..

Anaplasma marginai bodies were isolated from infected érythro-
cytes, purified by differential céntrifugation( ‘and the. lipids extracted
and analyzed. Thin-layer chromatography of the lipid extract separated
the sterol esters ' trigl};cerides , free fatty acids, sterols, anc‘i’ phospho-
lipids. F'atty acids were assayed in the total lipid ex‘trac.:t and lin each
class, with * exception of the sterol fraction. The 16 and 18 carbon °
chain fatty acids accounted for approximately 85 percent of the total
fatty acids of the unfractionated lipid, with C 18:1 accounting for 45 .
percent. Fatfy acids in the sterol ester fraction wére rather unif'ormly‘

distributed, but the other th.ree fractions contained higher concentrations
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of the C 16 and C 18 series which were similar to the values found in
the total lipid. Phospholipids resembled the total lipid in fatty acid
composition more closely than any other class. The concéntration of
C 18:1 present in the phospholipid accounted for 48 percent Qf the
total lipid analyzed.

| 'The‘sé data substantiate earlier evidence that the lipids of
bpvine erythrocytes are altered during anaplasmosis. Fatty ‘a‘cid
" composition of the total lipid extract and Varioﬁs classes were found
. to fluctuate in nearly all cases, and significant tre»nds. were evident
in many 1nsténces . This project was not designed to determine if the
lipid alterations were the result of the host r.eéponSe 4<0 anemia or if
the alterations were due specifically to the activity of the parasitizing
organisms. Data gathered here should offer valuable baclgground infoi'_ma- _

tion for such studies in the future.
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