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fluctuation, while the SE fraction of the‘erythrocytes
exhibited greater fluctuations.

Westerman (1968) postulated that hemolytic anemia of
Zieve's syndromé was due to the coating of erythrocytes with
lipid. Data from this investigation certainly do not disprove
this theory as similar hyperlipemic conditions exist in EIA,

Neerhout (1968) reported that humans with hyperlipemia
from liver damage had a marked alte}ation in the PL fraction
of the erythrocytic lipids. The Cl6:0 and Cl8:1 increased
and the Cl8:0 decreased in human erythrocytes. Data from
our experiments showed marked fluctuations in the fatty acids
of the PL fraction and tended to support Neerhout's work.
Neerhout stated that the hemolytic anemia was independent of
the hyperlipemia and was a result of liver‘damage.

Calves infected with anaplasmosis experience severe
anemias which probably result from surface alterations in
the lipids of the circulating erythrocytes (Dimopoullos and
Bedell, 1961, 1962, 1965; Dimopoullos, 1964). The data given
here lends support to these findings, as there were alterations
in the fatty acids of the PL and SE fractions from the erythro-
cytes. Such alterations or fluctuations in the erythrocytic
membrane could also lead to the development of fragile membranes
and intravascular hemolysis.

Bartley (1970) reported on the effects of fasting on
normal horses. He found an increased lipid content in the
bléod plasma from the second to the eighteenth day. This

increase was primarily due to .the TG fraction. He made no
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mention of hemolytic anemia associated with this increased
plasma lipid. Bartley's findings are identical to findings
reported in fasting humans (Zawilaki and Paluszak, 1970).
Our experiment supports Bartley's data that the increase in
lipid was due to the increase in the TG fraction, whiéh was
observed on TLC plates when the lipid classes were separated.

Gainer et al. (l1966a) presented data on alterations
of blood lipoprotein in horses infected with EIA. They
reported that the temperature had a biphasic response. Horses
in our experiments did not have a biphasic body temperature
curve; however, several of the fatty acids (Cl6:0, C18:0
and Cl18:1) from the total lipid extract of the erythrocytes
showed a slight triphasic response which was similar to that
reported by Gainer et al. Gainer et al. also proposed that
the target area for the EIA virus in the horse was probably
the hepatic cord cells.

The mode of action for hemolytic anemias have had
numerous hypotheses. The list includes: alterations in the
erythrocytic membrane (McGuire et al., 1970), coating of
erythrocytes with lipid (Westerman et al., 1968), alterations
in the enzymatic reactions of the erythrocyte (Kaneko et al.,
1969), increased requirements of cellular energy (Kaneko et al.,
1969), abnormal lipids lysing erythrocytes (Blass and Dean,
1966), and unidentified effects produced by liver damage
(Yamamoto and Koni, 1967).

Data in this dissertation lend support to the fact

that alterations occur in the erythrocytic membrane. There
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were marked changes in one or more of the fatty acid concen-
trations in the PL, FFA, TG, and SE fractions of the erythro-
cytes. The marked lipemia experiences in EIA could certainly
present the opportunity for coating the erythrocyte with lipid
similar to Westerman's hypothesis that.lipid coated erythro-
cytes have a decreased life span. Abnormal lipids in this
study were confined to the long chain fatty acids. C24 fatty
acids of unknown saturation and/or branching were present in
the PL and SE fraction from the erythrocytes. This study
does not prove that these unknown components are responsible
for the hemolytic anemia of EIA.

This study lends credence that liver function is
altered which results in the marked lipemia seen in EIA. It
is possible that liver damage as suggested by Gainer et al.
(1966a) , and Yamamoto and Kono (1967) could be responsible
for the hemolytic anemia of EIA, but additional research wili
be required to determine this mechanism of the anemia in EIA.
Future research should explore the details of liver damage
produced in EIA. The altered liver functions and the effect
of these altered functions on the erythrocyte may lead to a

better understanding of the hemolytic anemia of EIA.



SUMMARY AND CONCLUSIONS

The plasma and erythrocytes of normal horses were
subjected to lipid analysis to establish a normal base for
the concentrations of fatty acids. These horses were inocu-
lated with blood from a known carrier of EIA virus. Blood
samples taken at intervals were divided into plasma and
erythrocytes and total 1ipids‘were extracted. The total
lipid extracts were separated into lipid classes by TLC
and the fatty acids analyzed by GLC.

The data obtained showed that the principle fatty
 acids of the plasma and erythrocytes were Cl6:0, C18:0, Cl8:1,
Cl8:2, Cl18:3, C22:0, and C24:0.

The plasma was composed of a higher percentage of
unsaturated fatty acids in all lipid classes while the
erythrocytes had a higher percentage of saturated fatty acids.
The erythrocytes also had a higher percentage of long chain
fatty acids than did the plasma. The erythrocytes showed an
increase in the percentage of C24 fatty acids as experimental
EIA progressed. The data showed that these compounds were in
the PL and SE fractions of the erythrocytes.

The total lipid extract of plasma was primarily
composed of Cl8:2 in the normal ho:se; The Cl8:2 decreased

as EIA progressed, and Cl8:1 increased almost directly with
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the decreases in the C18:2, These data indicated that the
major alterations in the fatty acids of the lipid extracts
of the plasma began to take place 7 to 9 days after inocula-
tion. The SE fraction of plasma had a higher percentage of
unsaturated fatty acids than the other lipid classes.

The lipid extract from the erythrocytes exhibited
extensive fluctuations in major fatty acids of all lipid
classes in horses with EIA,

One of the primary purposes of this research was to
determine if abnormal lipids were produced which could be
responsible for the hemolytic anemia of EIA and possibly
serve as a diagnostic aid. These data indicated the presence
of an increasing concentration in the series of C24 fatty
acids. This research did not prove that these fatty acids
were responsible for the hemolytic anemia. This research
yielded data which is similar to other studies which indicate
that the severe lipemia which developed was due to liver

changes.
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Appendix Table 1. Percent of individual fatty acids of the total lipid extract from plasma of Horse No. 26,

Fatty Days Before Inoculation Days After Inoculation

Acid 19 16 12 8 0 2 9 13 16 20 23 27 34 37«
Cl4:0 0.60 0.69 0.59 0.62 0.62 0.69 0.95 0.58 0.58 0.61 0.57 0.39 1.09 2,22
Cl16:0 15.78 16.02 16.13 16.59 15.95 17.10 17.80 14.59 8.70 16.56 13.40 17.00 24.37 50.99
Ccl6:1 3.09 2,78 2.03 2.30 1.88 2.33 4.70 3.03 2.86 2,06 1.99 1.72 6.80 4,97
Ccl18:0 19.33 18.06 18.14 17.23 19.00 - 18.55 7.74 20.06 22,81 19.85 18.21 17.39 12.16 24.34
Cc18:1 14.73 16.83 15.76 16,77 16.67 15.90 14.62 12.50 13.75 14.35 15,29 11.24 21,22 9.51
C18:2 41.32 42,06 44,15 45,16 41.69 42.80 52.25 46.27 48.34 44.81 46.74 48.15 18.33 5.41
C18:3 0.87 1.36 0.81_. 0.88 0.77 1.20 0.24 1.56 1.50 1.15 1.46 1.01 8.99 0.51
C20:0 0.65 0.24 0.33 0.8 0.91 0.21 - 0.22 0.19 - 0.37 0.41 1.18 -
C20:1 0.27 0.11 0.29 - 0.41 0.25 - 0.09 0.11 - 0.31 0.21 - -
S/Ua 0.60 0.56 0.56 0.53 0.59 0.58 0.37 0.56 0.48 0.59 0.49 0.56 0.57 3.80

a
Saturated to unsaturated fatty acid ratio.
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Appendix Table 2. Percent of individual fatty acids of the total lipid extract from plasma of Horse No. 12.

Fatty Days Before Ipoculation Days After Inoculation

Acid 50 48 46 43 41 7- 4 0 3 7 10 14 20
C14:0 0.66 0.45 0.99 0.81 0.45 0.79 0.99 0.38 0.89 1,16 2.05 1.33 2.14
c16:0 15.49 11.24 21.36 16.36 12.91 15.58 22.87 15.62 21.83 30.45 13.36 29.49 29.18
Cl6:1 2,05 1.60 2,22 2,17 2.08 2.64 3.85 0.62 3.56 4.84 4.72 4,48 4,59
c18:0 17.42 13.81 13.59 17.08 22.81 12,47 11.61 14.46 9.80 9.79 15.14 9,30 11.85
c18:1 13.34 10.23 14.83 14.52 11.76 16.21 17.17 10.61 14.70 22.67 12.74 25.13 22,98
C18:2 47.00 56.46 43.01_ 43.80 43.61 46.75 35.47 55.27 44.43 22,57 37.14 20.70 20.16
C18:3 1.64 1.39 1.46 2.37 1.85 2.55 4.11 1.54 0.22 6.65 2.19 7.44 5.74
C20:0 0.40 2.36 0.15 0.37 0.40 T 0.27 0.50 0.33 0.12 1.16 0.21 Tr
C20:1 0.24 0.18 0.19 0.44 0.29 Tr 0.32 Tr 0.22 0.16 Tr 0.26 Tr
C€20:2 0.21 0.15 0.17 0.26 0.18 0.26 0.23 0.38 Tr 0.02 Tr Tr Tr
S/Ub 0.52 0.40 0.58 0.54 0.61 0.42 0.58 0.45 0.52 0.73 0.56 0.70 0.81

a
Trace amount.

b
Saturated to unsaturated fatty acid ratio,

7]



Appendix Table 3.

Percent of individual fatty acids of the total lipid extract from erythrocytes of Horse

No. 14.
Fatty Days Before Inoculation Days After Inoculation
Acid 48 11 7 4 0 3 7 10 14 17 20
C14:0 1.00 0.80 T2 0.89 8.75 1.30 0.55 0.63 0.89 0.99 0.58
C16:0 22.72 26.43 16.50 24.77 24.11 29.50 20.71 23.32 21.51 26.00 23.65
Cl6:1 3.16 1.97 1.717 2,93 | 1.27 5.30 2.01 2,57 4,95 3.32 2.92
Cc18:0 26.61 21.65 38.84 22.00 21.95 23.80 19.34 23.34 19.13 24.05 21.21
Cc18:1 28.41 25.47 36.29 15.17 19.11 21.60 14.65 23,18 19.81 25.54 22.27
C18:2 4.34 0.76 0.15 0.70 0.11 1.30 1.30 1.42 0.99 1,99 2.32
Cc18:3 2.58 Tr -~ 1.16 Tr Tr Tr Tr Tr Tr Tr Tr
Cc20:0 Tr 2.16 3.36 2.68 2.16 1.80 1.35 1.72 1.10 1.55 1.43
C20:1 Tr 2.48 - 1.90 3.18 0.40 0.20 0.42 0.18 0.45 0.48
C21:1 Tr 2.35 Tr Tr 2.10 1.30 2.55 3.28 2,44 2.91 1.70
C20:4 Tr 0.50 Tr Tr 0.32 1.30 1.89 0.05 1.246 1.17 0.53
Cc22:0 Tr 1.97 1.99 2,60 2.39 1.80 0.99 1.18 6.60 Tr 1.11
C24:0 Tr 9.05 - 16.78 9.03 8.40 4,69 5.12 1.77 4.17 4.14
C24:U1 - 2.03 - 4.82 2.78 2.20 16.88 1.14 Tr 1.30 Tr
C24:U2 - - - - - - 10.20 10.12 11.60 5.04 15.54
S/Ub 1.31 1.75 1,54 2.73 2.37 1.99 0.96 1.31 1.24 1.36 1.14
a

Trace amount,

Saturated to unsaturated fatty acid ratio.
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Appendix Table 4.
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Percent of individual fatty acids of the phospholipid

fraction from plasma of Horse No. 4.

Fatty Days After Inoculgtion

Acid 3 10 ‘ 14 17
Cl4:0 0.26 0.15 0.20 0.43
C16:0 5.96 9.07 18.82 14.15
cl6:1 0.74 0.92 1.05 1.36
C18:0 35.42 40.44 30.21 26.94
Cc18:1 9.00 4,43 10.49 11.87
C18:2 44.03 37.86 33.89 32.27
C18:3 0.46 0.41 0.45 1.16
€20:0 0.44 0.37 0.48 0.83
c20:1 0.48 0.33 0.48 0.45
€21:0 0.29 0.31 0.19 0.32
c21:1 0.92 0.98 0.81 -
C20:4 0.07 1.73 0.26 0.74
€22:0 0.20 0.11 0.34
c22:1 0.02 0.85 0.13
s/u? 0.76 1.08 1.03 0.89

a
Saturated to unsaturated fatty acid ratio.



Appendix Table 5. Percent of individual fatty acids of the free fatty
) acid fraction from plasma of Horse No. 4.

Fatty Days After Inoculation

Acid 0 3 10 17
C14:0 2.89 2.49 1.85 1.65
C16:0 22,42 24,96 23.59 ' 28,55
Cl6:1 L - 7.09 10.28 12.13
C18:0 . 21.72 11.86 6.12 5.18
cl18:1 29,39 . 26.32 37.46 35.00
C18:2 2,84 16.19 10,28 7.73
Cl18:3 0.24 - 4,73 8,62 6.60
€20:0 5.21 - 0.27 0.19 : 0.07
€20:1 6.40 ’ 0.33 0.48 0.25
c21:0 " 3,78 | - - 0.45
o c21:1 4,14 1.57 - -
C24:0 - 0.42 - 0.20
s/u®

1.30 0.71 0.47 0.58

a .
Saturated to unsaturated fatty acid ratio.



Appendix Table 6.
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Percent of individual fatty acids of the triglyceride

fraction from plasma of Horse No. 4.

Fatty t Inoc tion

Acid 7 10 17
C14:0 2.00 1.78 6.40
C16:0 31.06 32,26 14.48
Clé6:1 7.11 9.74 12.64
C18:0 8.72 34.50 7.30
Cl8:1 31.89 8.72 38.61
Cl18:2. 15.39 7.81 9.75
C18:3 4.33 0.18 0.04
C20:0 0.06 0.11 8.65
C20:1 0.28 0.24 0.04
C21:0 - 0.11 - 0.80
c21:1 0.11 - -
C20:4 0.28 - -
C22:0

c22:1

s/u® 0.71 2,57 0.62

a

Saturated to unsaturated fatty acid ratio.



Appendix Table 7.
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Percent of individual fatty acids of the sterol ester
fraction from plasma of Horse No. 4.

Days After Inoculation

Fatty

Acid 0 3 7 10 14 17
Cl4:0 0.56 0.41" 0.39 1.18 2.24 0.47
C16:0 6.21 9.54 8.76 15.71 43.12 12.70
Cl6:1 1.98 2.95 2.70 5.45 0.17 5.83
C18:0 6.21 1.22 1.34 2.12 35.19 10.15
ci8:1 6.21 5.05 11.26 16.23 8.22 68.72
Cc18:2 5.46 78.64 74.03 52.23 8.76 0.36
C18:3 43.91 0.31 0.17 0.40 0.02 -
€20:0 10.40 0.11 0.26 0.04 0.29 0.13
C20:1 19.34 - 0.29 0.66 - -
€21:0 - 0.23 - 0.22 0.23 0.15
c21:1 5.59 - - - - -
C20:4 - 0.26 0.10 0.03 -
C22:0 - - - - -
C22:1 - - - - -
s/u? 0.32 0.13 0.12 0.25 4.71 0.31

a
Saturated to unsaturated fatty acid ratio.
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Appendix Table 8. Percent of individual fatty acids of the phospholipid

fraction from erythrocytes of Horse No. 4.

Fatty Days Aftex Inoculation

Acid 0 3 7 . 10 14 17
C14:0 0.27 - 0.62 0.42 0.29 0.42
C16:0 13.28 36.80 35.09 23.06 17.84 20.53
Cl6:1 0.59 0.86 1.07 1.85 1.28 2.58
C18:0 11.62 22.44 19.92 20.12 15.05 27.31
C18:1 61.85 26.31 22.02 19.85 17.22 28.91
c18:2 . 0.34 0.60 1.43 1.35 22.90 3.00
C18:3 0.08 - 0.05 1.84 1.88 0.11
€20:0 0.77 1.38 0.86 4 .04 1.23 0.78
C20:1 0.61 0.86 0.74 9.17 3,17 0.53
€21:0 1.58 2.58 2.71 0.17 0.34 1.11
c21:1 2.16 1.72 3.14 0.80 - 3.62
€20:4 0.43 1.38 0.80 1.13 2.23 0.44
€22:0 0.61 - 4,45 4.30 4,18 2.71
€22:1 0.61 - 1.89 0.97 1.36 1.24
C24:0 - 4.13 2.41 - - 2,91
C24:U1 2.37 1.37
s/u® 0.41 2,12 2.12 1.41 0.78 1.37

83aturated to unsaturated fatty acid ratio.
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Percent of individual fatty acids of the free fatty
acid fraction from erythrocytes of Horse No. 4.

Fatty Days After Inoculation

Acid 3 7 10 14 17
C1l4:0 8.29 5.90 462 1.60 39.91
C16:0 36.26 34.99 31.68 13.67 28.82
Cl6:1 7.82 7.50 1.76 2,20 2.22
C18:0 14,22 15.76 21.34 7.60 6.65
c18:1 18.13 19.16 - 25.08 8.55 11.09
cl18:2 6.04 0.87 1,54 1.29 -
C18:3 - 0.27 0.44 50.66 -
€20:0 - 0.97 0.44 - -
c20:1 0.59 10.87 0.77 - -
€21:0 - *'0.33 0.22 1.33 0.22
c21:1 2.49 5.16 5.39 - 1.55
C20:4 - 1.10 ‘- 1.41 0.67
c22:0 - - - 0.53 -
c22:1 - - - 9.53 -
s/u? 1.68 1.66 1.67 0.23 4,87
a

Saturated to unsaturated fatty acid ratio.
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Appendix Table 10. Percent of individual fatty acids of the triglyceride

fraction from erythrocytes of Horse No. 4.

Fatty ays After Inoculation

Acid 0 3 7 10 14 17
Cl4:0 10.37 5.78 " 4.88 5.39 9.48 4.71
C16:0 26.85 25.05 28.17 27.75 30.82 27.99
Cl6:1 7.01 2.00 6.50 12.33 11.03 13.73
€18:0 14.03 12.49 10.83 12,14 13.28 11.31
C18:1 7.09 40.58 29.25 22.16 17.59 23.01
C18:2 3.10 4.51 6.50 4.82 2.50 1.75
Cl18:3 2,65 0.33 - 1.93 0.26 0.27
C20:0 0.51 0.23 0.49 1.35 0.60 1.21
C20:1 0.16 0.60 0.98 0.96 '0.30 0.27
C21:0 - - 0.60 5.39 0.34 4.44
c21:1 7.01 1.70 1.35 - 0.26 -
C20:4 - - 0.54 - 0.82 -
S/Ua 1.99 0.88 1.00 1,23 1.66 1.27

a .
Saturated to unsaturated fatty acid ratio,
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Appendix Table 1l. Percent of individual fatty acids of the sterol ester
fraction from erythrocytes of Horse No.4,

Fatty Davs After Ingculation

Acid 0 3 7 10 14
C14:0 3.51 10.90 © 5.6l 5.86 2,93
Cl6:0 6.59 25,00 11.45 24,92 16.70
Cl6:1 10.51 9.62 7.88 11.73 16.27
C18:0 2.41 2.88 2.69 2.12 10.09
C18:1 3.18 6.09 4.15 10.67 10.70
c18:2 14.23 12.02 3.37 5.54 2.14
C18:3 2.11 5.45 1.46 3.50 3.12
€20:0 9.92 2.08 1.57 1.79 3.61
€20:1 - - 1.57 2.85 1.65
C21:0 - - - 4,15 ' 2.75
c21:1 - - - 2.85 4,40
C20:4 7.86 - 1.01 2.44 1.65
C22:0 4.72

C24:1

s/u 0.71 1.23 1.09 0.98 0.90
a

Saturated to unsaturated fatty acid ratio.
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