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Three studies were designed to evaluate the promoting 

effect of cyclopropenoid fatty acids (CPFA) on avian myelo- 

blastosis virus (AMV) infection in White Leghorn chickens. 

In the first study effects on growth parameters, blood serum 

and erythrocyte lipid composition of White Leghorn chickens 

were investigated at 100 ppm and 300 ppm dietary CPFA.  In 

comparison to controls, chicks fed dietary CPFA had reduced 

body weights and food intake.  At both levels, CPFA increased 

the saturated fatty acids and decreased monoenes in blood 

serum and erythrocyte triacylglycerols and phospholipids. 

In a second study, the effects of high dietary (300 ppm) 

CPFA on AMV infectivity were investigated.  Chicks were ihccv. 

ulated with 0.1 ml AMV at 7 days of age.  A diet containing 

CPFA was fed before and after inoculation.  CPFA/AMV treated 

chicks showed a marked reduction in body weight gain and 

food consumption in comparison to controls.  CPFA appeared 



to promote AMV infection along with unexpected violent 

hemorrhagic manifestations.  These hemorrhagic manifesta- 

tions appeared to cause death before AMV induced myeloblast 

proliferation in the circulating blood.  In comparison to 

controls, CPFA altered the phospholipid composition of iso- 

lated myeloblasts and the cholesterol/phospholipid ratio of 

isolated myelobasts, myeloblast plasma membrane, and virus 

particles.  Analysis of the acyl group composition of choline 

and ethanolamine phospholipids from CPFA treated myeloblasts 

and myeloblast plasma membrane revealed an increase in sat- 

urated fatty acid and a decrease in monoenes.  In both, CPFA 

appeared to affect ethanolamine more than choline phospho- 

lipids.  In contrast, the alterations observed in CPFA 

treated virus particle choline and ethanolamine fatty acyl 

chains were reversed from those found in the myeloblast and 

myeloblast plasma membrane.  In addition, ATPase specific 

activity was altered in relation to the CPFA induced lipid 

changes in the myeloblast plasma membrane and virus particle. 

It was shown that as saturation increased enzyme activity 

increased. 

As a third investigation, the effects of low dietary 

(75 ppm and 150 ppm) CPFA on AMV infection was conducted in 

an attempt to eliminate the hemorrhagic manifestations.  A 

difference that was observed between this investigation and 

the 300 ppm CPFA/AMV study was less severe hemorrhagic 



responses.  Histological examination of CPFA treated liver 

and spleen by light microscopy revealed heavy infiltration 

of mitotic myeloblasts into each tissue.  Analysis of the 

number of virus particle/ml by reverse transcriptase revealed 

300 ppm dietary CPFA stimulated the synthesis and release of 

virus particles.  This was in contrast with 150 ppm dietary 

CPFA which retarded the synthesis and release of virus par- 

ticles . 
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The Effects of Cyclopropenoid Fatty Acids 
On the Growth, Blood Lipids, and Viral Infectivity of 

White Leghorn Chickens 

INTRODUCTION 

Cyclopropenoid fatty acids are naturally occurring 

food toxicants found in cottonseed oil and other plant oils 

from the order Malvales.  The toxicity associated with 

cyclopropene fatty acids is related to the high reactivity 

of the cyclopropene ring.  These compounds have been shown 

to cause a number of toxicological responses including 

"pink-white" discoloration of eggs, impaired reproduction, 

changes in tissue lipid composition and alterations of 

enzyme activity.  The most striking effect of these com- 

pounds is their ability to promote the effect of aflatoxin 

#1   carcinogenicity.  The precise molecular mechanisms of 

cyclopropene fatty acid promotor activity are still being 

investigated.  Since the use of oils containing the cyclo- 

propene ring in consumer and animal products is increasing, 

it is important to understand the mechanism of promotion of 

these fatty acids. 

In the following studies avian myeloblastosis virus, 

abbreviated AMV, was employed to assess the promoting acti- 

vity of cyclopropene fatty acids on the avian RNA tumor 

virus infectivity.  The general nature of AMV infectivity 
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has been known for years and the plasma membrane of the 

infected host cell has been shown to play an important func- 

tion in viral infectivity.  The proteins of the outer viral 

membrane become attached to the cell membrane, the cell mem- 

brane pinches off around the virus particle bringing it into 

the cell cytoplasm.  The viral capsid then releases viral 

RNA and polymerases into the cell cytoplasm and expropriates 

the infected host cell biosynthetic processes to make its 

parts.  When enough viral proteins and nucleic acids have 

been made, assembled into new virus particles, the newly 

synthesized virus particles leave the cell by a budding 

process and go on to infect other cells. 

To gain a clearer understanding of the molecular 

mechanism of cyclopropene fatty acid promotion, two nutri- 

tional studies were undertaken.  The first study was con- 

ducted to determine the physiological stress induced by a 

CPFA treated diet on chick weight, food consumption, and 

blood serum and erythrocyte lipids.  The second study was 

designed to investigate cyclopropenoid fatty acid affects on 

AMV infectivity and their role as a promoter.  Studies were 

performed to examine myeloblast, myeloblast plasma membranes, 

and virus particle lipids and ATPase activity.  Histological 

examination of bone, liver, and spleen was done to deter- 

mine the degree of myeloblastosis proliferation in each 

tissue. 



LITERATURE REVIEW 

Occurrences and Characterization of Cyclopropenoid 
Fatty Acids 

Cyclopropenoid fatty acids (CPFA) are naturally 

occurring fatty acids synthesized in plants from the order 

Malvales.  Two principal fatty acids, containing a cyclo- 

propene ring have been characterized in the seed oils from 

Malvaceous plants (Nunn, 1952; Macfarlane et al.,   1957). 

Nunn (1952), identified the eighteen carbon cyclopropene 

fatty acids in Sterculia foetida oil as, co (2-n-octyl- 

cycloprop-1-enyl) octanoic acid, commonly called sterculic 

acid.  Macfarlane et. al. (1957), identified a seventeen 

carbon cyclopropene fatty acid in cottonseed oil as, 

(io(2-n-octyl-cycloprop-l-enyl) heptanoic acid, commonly 

known as malvalic acid.  Both CPFA react positively to the 

Halphen test, a color test developed for the detection of 

CPFA in cottonseed oil (Halphen, 1897).  The molecular con- 

figuration necessary to produce a positive Halphen test is 

the cyclopropenylene radical (Shenstone and Vickery, 1959) : 

CH9 

/  2\ 
CH3 (CH2)7   C ===== C   (CH2)n C02H 

(malvalic acid, n=6; sterculic acid, n=7) 

Cyclopropenoid fatty acids in Malvaceous plant lipids 

range from 1.0 to 70 percent of the total lipids (Phelps,et al 
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1964; Shenstone and Vickery, 1961). The ratio of malvalic to 

sterculic acid varies between plant species and within 

species.  In general, malvalic acid has been shown to be the 

dominating CPFA in plants of the Malvaceae family, and ster- 

culic acid in the Sterculiaceae and Bombacaceae families. 

An exception has been recently reported by Berry (1981) who 

found the seeds, leaves, and kernals from the Gnemoe tree in 

the family Gnataceae, to contain malvalic acid as the predom- 

inanting CPFA.  This was the first plant outside the order 

malvales to contain a significant level of CPFA with 52 per- 

cent found in the total seed lipid. 

The most significant sources of these compounds in the 

food supply has been shown to be cottonseed and kapok oil. 

CPFA in cottonseed products vary from 1.0 to 2.0 percent of 

the total lipids (Earle ^t  al, 1959; Shenstone and Vickery, 

1961; Phelps, 1964).  Sterculic acid was shown to comprise 

35 percent and malvalic acid 65 percent of the total CPFA 

content (Shenstone and Vickery, 1961; Earle jet a_l. , 1959). 

Cornelius and Shone (1963) have reported that kapok oil 

contains 27 percent CPFA in the total lipid, with sterculic 

acid comprising 22 percent and malvalic acid 4.6 percent of 

the total CPFA.  Cyclopropenoid fatty acids enter the food 

supply in numerous ways: through vegetable oils and margar- 

ines, usage in animal ration formulations, and in inexpensive 

protein source. 



The stability of the cyclopropene ring in CPFA plays an 

important part in their hazard as a toxic compound.  The 

cyclopropenylene molecular configuration is under a consid- 

erable amount of steric strain, making it highly reactive 

and unstable (Carter et al., 1964; Christie, 1967).  Process- 

ing techniques commonly employed in the fat and oil industry, 

such as hydrogenation, heating, polymerization, bleaching, 

and acidification will disrupt and destroy the cyclopropene 

ring configuration.  It has been found that Halphen positive 

oils undergoing one or more of these processes will no 

longer produce a positive Halphen reaction (Phelps et al. , 

1964; Christie, 1967; Hopkins et al., 1973).  However, 

complete destruction of the cyclopropene ring does not 

always occur.  Berry (1981), for example, has reported that 

Gnemon tree kernals contain 51.6 percent CPFA raw, when 

boiled or roasted and made into "keropok" (a malaysian 

speciality) the CPFA content was shown to fall to 3.85 per- 

cent. 

Physiological Effects of Cyclopropenoid Fatty Acids 

Pink-White Discoloration 

A number of investigators have shown CPFA to be the 

causative agent of the classic "pink-white" discoloration 

defect of eggs (Lorenz et al., 1933; Schaible and Bandemer, 

1946; Abou-Ashour and Edwards, 1970).  Although this phenom- 

enon occurs naturally, these investigators suggested that 



acceleration of the color defect on CPFA was due to an 

alteration in the permeability of the vitellin membrane 

surrounding the yolk.  The iron concentration in egg whites 

was found to increase when laying hens were fed CPFA 

(Schaible and Bandemer, 1946).  This permitted the iron to 

chelate conalbumin thereby forming the undesirable pink- 

white color.  Shenstone and Vickery, (1959) also found an 

increase of non-protein nitrogen and amino acids in egg 

whites from CPFA fed hens.  Nordby et al. (1962) attributed 

the membrane permeability changes and other adverse bio- 

logical activity to the cyclopropene ring in CPFA. 

Effects on Growth, Reproduction and Mortality 

Schneider et a_l. (1962) have demonstrated growth 

retardation occurs in pullets fed 200 mg/bird/day of 

Sterculia foetida oil.  Cyclopropenoid fatty acids have also 

been shown to effect the weight gain and growth of rats 

(Schneider et ;al. , 1968a; Nixon et  al. ,   1974) Nixon et a_l. , 

1977) .  In a later study, Schneider £t al,   (1968b) reported 

retarded growth, decrease of food efficiencies, and in- 

creased liver weights of male weanling rats fed diets 

containing 1, 2.5, and 5% Sterculic foetida oil.  CPFA have 

also been shown to cause a decrease in growth and body 

weight in rainbow trout (Struthers e_t aj. , 1975) . 

A number of studies (Schneider et al., 1961; Schneider 

et al. , 1962, Kemmerer et_ al_. , 1965 ; Kemmerer ejt al. , 1967) 



reduced egg production and a delay of sexual maturity in 

hens fed CPFA.  Schneider et al. (1962) for example, found 

retardation of the ovary and oviduct development with con- 

sequent inhibition of egg production when pullets were fed 

200/mg/day Sterculia foetida oil.  A direct correlation was 

shown between embryo mortality and increased levels of 

dietary CPFA (Schneider et al., 1961; Donaldson and Fites, 

1970).  Similar effects on reproduction have been reported 

for mammalian species.  Miller et al. (1969) reported a 

high incidence of prenatal and postnatal mortality in the 

progeny of CPFA fed rats.  A decrease in fecundity has also 

been reported (Nixon e_t a_l. , 1977). 

Cocarinogenicty of Cyclopropenoid Fatty Acids 

CPFA fed to rainbow trout along with aflatoxin B-, , 

(AFB-,) has been shown to decrease the latent period for 

tumor growth, increase tumor incidence and growth rate 

(Sinnhuber e_t al. , 1968; and Lee et  al.,   1968).  Abnormal 

morphological alterations in rainbow trout endoplasmic 

reticulum, hepatocytes, kidney and bile ducts have been 

observed to occur simultaneously with tumor production in 

CPFA and AFB, fed fish (Lee et al.., 1971 and Hendricks et 

al. , 1980).  Lee et al., (1968) also found CPFA increased 

hepatomas 20% in acetylaminofluorene fed fish, normally 

acetylaminofluorene hepatoma incidence was low.  Lee et 

al. (1971) studied the cocarcinogenic activity of sterculic 
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and malvalic acids with AFB, and the carcinogenicity of CPFA 

alone.  It was found that sterculic acid increased tumor size 

and number more than malvalic acid and CPFA alone produced no 

hepatoma.  However, Hendricks, et. al.   (1980) reported cottonseed 

oil and glandless cottonseed oil produced liver histology 

similar to AFB, liver carcinoma in rainbow trout.  The actual 

cocarcinogenic-carcinogenic activity of CPFA remains question- 

able. 

Berenblum and Armuth (1981) defined cocarcinogenesis as, 

"The function of any agent that may modify carcinogenesis which 

leads to either an increased or decreased tumor formation." 

This author also stated carcinogenesis has a two-stage 

mechanism:  initiation of a mutated gene followed by propa- 

gation of the mutated genome.  True tumor promoters operate 

at only one stage in the carcinogenesis mechanism.  There- 

fore, the carcinogenic response of a promoter would occur 

only after some agent has initiated a change which could 

lead to tumor proliferation if the condition permitted. 

Membrane Alterations Due to Cyclopropenoid Fatty Acids 

Membrane and other cellular morphological abnormalities 

have been documented in the CPFA feeding studies.  Numerous 

studies have shown abnormal kidney and liver histology in rats 

fed CPFA (Schneider et al., 1968; Coleman and Friedman, 1971; 

Nixon ert 'al. , 1977) .  Nixon et al. , (1974) have shown ery- 

throcyte susceptability to hemolysis increased 30% when rats 

were fed 2% Sterculic foetida oil.  A dietary level of 
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200 ppm CPFA was found to exert drastic cellular damage 

after 6 days in rainbow trout (Struthers £t aJ., 1975).  In 

this study they found disintegration of parenchyma! cell 

wall, granular cytoplasms, pycrotic nuclei, and pale, 

white, enlarged, and turgid livers.  These histological 

changes were augmented at the end of the 8 month feeding 

study.  Malveski et al., (1974b) reported extensive hepato- 

cyte alterations, cell hypertrophy, formation of cytoplasmic 

striations, nuclear aberrations, and focal necrosis in rain- 

bow trout fed CPFA.  Microsomal protein composition in CPFA 

fed rainbow trout was found to be altered as well 

(Selivonchick e_t al. , 1981).  These changes in membrane 

morphology lead to alterations in membrane properties which 

may account for the adverse physiological effects mentioned 

earlier. 

Biochemical Effects of Cyclopropenoid Fatty Acids: 

Alteration in lipid metabolism.  Lipid alterations due to 

CPFA have been shown in milk fat, body fat, egg yolk lipids, 

and body tissues (Eckles, 1916; Ellis and Isbell, 1926; 

Abou-Ashour and Edwards, 1970 a; Schneider et_ al. , 1968; 

Coleman and Friedman, 1971; Nixon et  al., 1974; Raju et  al., 

1976; Nixon et al., 1977).  Ellis and Isbell (1926), for 

example, observed an increase in the hardening of body fat 

in hogs fed 41 cottonseed oil.  The general trend observed 

in these studies was an increase in saturated fatty acids 

(SFA) due to an unproportionally high content of stearic 
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acid and low content of monoenoic acids.  Studies with fish 

have shown CPFA cause fat accumulation in the fundulus 

tissue and in livers along with an increase in stearic acid 

content (Reiser et al., 1963; Malveski et al., 1974a).  A 

common observation in laboratory animals fed CPFA has been 

the change in the 18:0/18:1 ratio in body lipids. 

It was suggested that CPFA alter stearic and oleic 

concentrations, by acting at free sulfhydryl groups of the 

A9-desaturase to specificially inhibit the conversion from 

stearic to oleic acid (Schaible and Bandemer, 1946; 

Shenstone and Vickery, 1959).  In 1964, two research groups 

independently found that CPFA reacted with free sulfhydryl 

groups (Kricher, 1964; Ory and Altschul, 1964).  Kircher (1964) 

proposed the following scheme for the reaction of CPFA with 

free sulfhydryl groups on physiologically active proteins: 

H.    H 

H      H SH QS 
\ / s \ 

C +         + R   C     C   R' 
/  \ t     I 

R — C ^^m^ C  R1 Protein       H    S-Protein 

This author suggested that CPFA react with free thiol groups 

by free radical and ionic addition of one thiol group to the 

double bond of the cyclopropene right without rearrangement 

or ring opening.  Raju and Resier (1967) confirmed this 

hypothesis, when they showed the inhibition of A9-desaturase 

by CPFA was due to irreversible binding of free thiol groups 
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to the cyclopropene ring.  It has also been shown that the 

inhibition of A9-desaturase by sterculic acid was more com- 

plete than malvalic (Allen jet al. , 1967; Raju and Reiser, 

1967; Fogerty et al., 1972).  Fogerty et al., (1972) found 

the position of the cyclopropene ring strongly influenced 

the reactivity of the CPFA.  Since desaturation always 

occurs at the 9, 10 position of fatty acids irrespective of 

chain length, these authors suggested sterculic acid fit 

best into A9-desaturase active sites.  A specificity of CPFA 

for particular thiol groups has also been shown (Raju and 

Reiser, 1967; Donaldson, 1967).  Donaldson, (1967) for 

example, has shown the conversion of palmitic acid to oleic 

acid from acetate synthesis to be inhibited only when the 

primary A9-desaturase enzymes were completely inhibited by 

CPFA. 

More recently, Jeffcort and Pollard (1977) have 

presented evidence which suggests that covalent binding of 

the A9-desaturase may not be the point of inhibition. 

Using H-labeled sterculic acid, these investigators have 

shown that under conditions of high inhibition of the 

A9-desaturase sterculic acid was not covalently attached 

to the enzyme at any point.  However, they did find that 

the noncovalent binding energy of the active forms of ster- 

culic acid, sterculoyl-CoA, to the enzyme was much greater 

than that of stearoyl CoA.  They concluded that effective- 
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ness in preventing desaturation of stearic acid must be 

either in a better fit to the enzyme or in some polariza- 

tion interaction dependent on the cyclopropene ring in the 

vicinity of the C-9 and C-10 atoms of the chain. 

Alteration in cholesterol metabolism.  Dietary CPFA have 

been shown to increase plasma and liver cholesterol in birds 

(Tennet et al., 1959; Goodnight and Kemmerer, 1967) and 

mammals (Ferguson et al., 1976).  In fish, Scarpelli (1975), 

found cholesterol accumulation primarily within the 

endoplasmic reticulum.  In this same study, these authors 

suggested that the decrease in glucose-6-phosphatase activ- 

ity was related to the higher cholesterol levels. 

Alteration in enzyme activity.  CPFA have been shown to 

affect other cellular enzymes.  Taylor e^ al., (1973) found 

the dehydrogenase activities involved in carbohydrate- 

metabolism were reduced.  Protein metabolism was also 

reported to be altered in CPFA fed rainbow trout (Malevski 

et al. , 1974a). In this study they found that labeled amino 

acids were incorporated, to a greater extent, into fat than 

protein.  Inhibition of CPFA on drug metabolizing enzymes 

have also been shown (Eisele et_ al. , 1978; Bailey e_t al. , 

1979).  These investigators found reduction in the levels 

of cytochrome P4rn> cytochrome br, and NADPH cytochrome c 

reductase in rainbow trout fed 300 ppm methyl sterculate. 



13 

Loveland et  al., (1979) verified these results when they 

found sterculate drastically altered the metabolic products 

of AFIL .  It was suggested that the enhancement of AFB. 

toxicity and carcinogenic effects by CPFA was the result of 

a reduction on the detoxification enzyme system of AFB1. 

Avian Myelobastosis Virus: 

Avian myeloblastosis virus (AMV) has been shown to be 

an RNA leukosis-associated oncogenic virus.  The oncogenic 

activity of AMV has been characterized by the presence of 

a number of large, round primitive myeioblast cells circu- 

lating in the blood stream of the infected host.  A number 

of characteristics of RNA viruses make them useful tools 

for biological studies such as rapid onset of viral effects, 

high degree of infectivity, high production of tumor cells, 

and large number of virus particles. 

Characteristics of Avian Myeloblastosis Virus 

Chemical Composition.  The chemical composition of AMV has 

been thoroughly investigated.  Sharp and Beard, (1959) 

found AMV to be complex and highly hydrated (80% water by 

volume or 751 by weight) virus.  AMV were shown to contain 

35 percent lipid, 2 percent RNA, and 60 percent protein on 

a dry weight basis, with a small amount on non-nucleic acid 

carbohydrate (Bonar and Beard, 1959; Rao and Beard, 1964). 

A. group specific antigen, with a molecular weight of 23,000 
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was isolated by Allen (1968) which had structural similar- 

ities to other RNA viruses.  It was theorized that the group 

specific antigen represents a common gene in RNA virus 

synthesis. 

Protein composition.  Beaudreau _et al. (1964) observed the 

RNA from AMV as having the ability to bind amino acids. 

Bolognesi and Bauer (1970) studied the polypeptides of 

Avian RNA Tumor Viruses and concluded that the viral genome 

controls protein systhesis.  Fleissner (1971) isolated 

seven major proteins synthesized by Avian Leukemia-Sarcoma 

Viruses.  These proteins have been categorized as (1) 

glycoproteins, equivalent to viral type specific antigens, 

(2) nonglycoproteins, equivalent to viral group specific 

antigens, (3) internal viral proteins, such as reverse 

transcriptase and DNA polymerase (Fleissner, 1971; and 

Kacian et a_l. , 1971) .  The viral genome of avian tumor virus 

and its coding capacity have been examined (Stromberg et_ al. , 

1974; Billeter et al., 1974).  Both groups concluded, the 

viral genome with a nucleotide complexity of approximately 

10,000 base pairs contains sufficient information to code 

for the wide variety proteins observed. 

Lipid composition. Rao et al. (1966) reported lipid 

constituent similarities between host cell plasma membrane 

and virus particle.  Qualitatively all lipids identified in 
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host cell plasma membrane were also identified in the virus 

particle.  On a quantitative basis, however, significant 

differences were observed.  Cholesterol, for example, was 

34 percent of the total virus lipid and only 9 percent in 

the plasma membrane.  A five-fold difference was observed 

in the neutral fat content between the plasma membrane (331) 

and virus (5.31).  Total phospholipids were approximately 

the same in both virus and plasma membrane.  However, con- 

siderable differences were noted in the distribution of the 

individual phospholipids.  These quantitative discrepencies 

imply the virus may have its own ability to synthesize 

required lipids as well as proteins. 

ATPase activity.  A high avian adenosine  triphosphatase 

(ATPase) specific activity has been associated with AMV cell 

membrane and virus particles.  DeTh£ et_ al_. , (1963) found 

that the activity in the virus particles was dependent upon 

the properties of the host cell membrane.  In a later study, 

they found the enzyme to be located at the peripheral portion 

of the particle (DeTh£ et al. , 1964). 

Banje'ree and Racker (1977) found the specific activity 

of AMV ATPase to be 30 micromoles of inorganic phosphorus 

liberated per minute per milligram viral protein.  They also 

stated the ATPase was not a recognizable cellular enzyme and 

it was also capable of hydrolyzing all nucleoside triphos- 

phates.  Schneider and Beaudreau (1979) confirmed these 
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findings and. also demonstrated a specific lipid requirement 

for the ATPase activity.  Activity was found to be more 

dependent upon the degree of unsaturation of the fatty acid 

acyl groups in phospholipids than on specific phospholipid 

polar head groups.  In contrast to mammalian ATPase, a 

greater degree of saturation of the fatty acids was shown 

to enhance ATPase activity. 

Bisulfide bonds in the ATPase enzyme were found to play 

a more important role in activity than free sulfhydryl groups 

(Schneider and Beaudreau, 1979) .  These investigators demon- 

strated the ATPase to be sensitive to high concentrations of 

dithiothreitol. 

Viral life cycle.  Replication of AMV involves a DNA "inter- 

mediate".  The virions contain their own RNA dependent DNA 

polymerase for the conversion of viral genomic RNA into DNA 

that integrates into the host cell genome (Temin, 1974).  The 

sequence of viral infectivity has been shown to start with 

virion attachment to host cell plasma membrane, followed by 

entrance into the cell, uncoating, and transport of viral RNA 

and DNA polymerase to the site of virus DNA synthesis.  The 

synthesized viral double-stranded DNA copies are integrated 

into the host cell DNA and RNA for progeny virus is made from 

viral DNA using the host cell machinery.  Messenger RNA for 

viral proteins are transcribed from the same DNA.  The cycle 

is completed by a "budding" off process of virus particles, 

formed in the host cell, from the plasma membrane (DeThe et^ 
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al., 1964; Stromberg et al. , 1973) .  Rao et al..., (1966), 

found that 26 percent of the. virus particle was made up of the 

host cell plasma membrane. . It was; suggested that the outer 

membrane of the virus particle and the host cell plasma 

membrane are integrated together during budding. 
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MATERIALS AND METHODS 

Materials 

Tris-adenosine 5'-triphophate, heparin-sodium salt 

(grade II), bovine serum albumin, Tritrachium album protease 

type XI, reduced glutathione, and digitonin were purchased 

from Sigma Chemical Co. (St. Louis, MO).  [3H]aGTP (14 Ci/ 

mmol) was obtained from ICS Isotope and Nuclear Division 

(Irvine, CA) .  Oligonucleotide G^.io was purchased from 

Collaborative Research (Waltham, MA) and polycylidylic acid 

from P-L Biochemical (Milwaukee, WI).  Dithiothreitol 

(Cleland's reagent) was obtained from Bio-Rad Laboratories 

(Richmond, CA).  Plasma containing Avian Myeloblastosis 

Virus (AMV) was a gift of Dr. George S. Beaudreau.  All 

other chemicals were of reagent grade and were obtained from 

various commercial sources. 

Animals 

White Leghorn, male chickens used in this study were 

purchased from Hy-Line International Hatchery (Turlock, CA). 

Chicks were shipped on the day of hatch and arrived at the 

laboratory at 3 days of age.  On day of arrival chicks were 

selected randomly, placed into a dietary group, and tagged. 

All animals were housed in Oakes wire cages with diet and 

water supplied immediately, ad  libitum. 
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Preparation of Diets Containing Cyclopropenoid Fatty Acids 

Cyclopropenoid fatty acids were obtained from Sterculia 

foetida seed oil by extraction with hexane as described by 

Kircher (1964).  Prior to mixing with diets, peroxides and 

other contaminaitng materials in the oil were removed by 

passing through activated Silic AR CC-7 gel (Mallinckrodt, 

Paris, KY) column.  The amount of peroxide present in the 

oil was monitored by determining the peroxide value (A.O.C. 

S. methods, 1969).  A peroxide value of 4 or less was con- 

sidered acceptable.  The triacylglycerols in the Sterculia 

foetida oil contained approximately 521 CPFA as determined 

by gas liquid chromotography (Schneider et al., 1968b) and 

the Halphen test (Hammonds et al.. , 1971). 

The basal diet (Table I) used in these experiments was 

prepared in the Poultry Science Department of Oregon State 

University.  Experimental diets were the basal diet contain- 

ing either 75, 100, 150, or 300 ppm CPFA. 

The Effect of Cyclopropenoid Fatty Acids on Chick Growth 
and Blood Lipids 

Chicks at three days of age were randomly divided into 

three groups of 15 each and were fed either basal diet, 

basal diet plus 100 ppm CPFA, or basal diet plus 300 ppm 

CPFA.  Body weights were recorded at two day intervals for 

a period of 24 days. 
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TABLE I 

Composition of Diet 

Ingredient Percentage (wet wt.) 

Protein 21 

Fat 3 

Fiber 3 

Metabolizable Energy 1351.26 kcal/lb 

Mineral Mix:  Calcium (II); Phosphorus (0.71); Manganese 
(37 mg/lb); Sodium (0.3%); Iron (65 mg/lb); Copper (7 mg/ 
lb); Potassium (0.91); Magnesium (1199 mg/lb); Zinc (35.6 
mg/lb). 

Vitamin Mix:  Vitamin A (4472.8 lU/lb); Vitamin D (500 ICU/ 
lb); Riboflavin (2.5 mg/lb); D-Pantothenic Acid (6.7 mg/lb); 
Niacin (21 mg/lb); Choline (645.9 mg/lb); Vitamin B-12 
(3.8 mg/lb); Vitamin E (14.5 lU/lb); Vitamin K (0.5 mg/lb); 
Pyridoxine (2.5 mg/lb); Folacin (0.2 mg/lb); Biotin (0.07 
mg/lb); Thiamine (1.8 mg/lb). 

Amino Acid Supplement:  Arginine (1%); Cystine (0.31); 
Glycine (0.91); Histidine (0.5%); Isoleucine (1.2%); 
Phenylalanine (1%) ; Threonine (0.8%); Tryptophan (0.31); 
Tryosine (0.8%); Valine (1%). 
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CPFA induced alterations in fatty acids from blood 

serum and erythrocyte triacylglycerols and phospholipids 

were monitored at 0, 7, 14, and 25 days of dietary treat- 

ment.  Three chicks per dietary group were selected ran- 

domly and 1-2 ml of blood was removed by cardiac puncture 

into heparinized conical test tubes.  Blood serum and ery- 

throcytes were separated by c§ntrifugation for 2 min. at 

500xg. 

Determination of Virus Dilutions for Optimal Infectivity 

At three days of age, four groups of 10 chicks each 

were placed on the basal diet.  At seven days of age the 

chicks were inoculated by wing vein injection with 0.1 ml 

of varying dilutions of plasma containing Avian Myeloblas- 

tosis Virus:  Group 1, 1/10; group 2, 1/50; group 3, 

1/100; and group 4, 1/1000.  The onset of viral infection, 

described as the first appearance of myeloblast cells in 

blood, and take over of viral infection, described as near 

death due to AMV, were monitored for each animal at all 

dilutions.  Infected chicks, those with seven or more myelo- 

blasts per field viewed, were bled by cardiac puncture into 

heparinized conical centrifuge tubes.  Myeloblasts were 

isloated from whole blood by centrifugation at 450xg for 

5 minutes.  The cells were then washed 3 times at 40C in a 

freshly prepared solution of 0.05 M boric acid, 0.15 M NaCl, 

1 mM MgCl • 2 H2O, pH 7.5 (Harvesting solution).  The washed 



22 

cells and the remaining blood serum containing virus 

particles were frozen and stored at -80oC until analyzed. 

Infectivity was subjectively evaluated by assessing the 

turbidity of the blood serum (Table II).  Optimal infect- 

ivity was obtained at a dilution of 1/50 of original serum. 

Dietary Studies 

Effect of high dietary levels of CPFA on virus infection. 

At three days of age chicks were divided into two groups of 

100 chicks each.  Group 1 was fed the basal diet and Group 2 

basal diet plus 300 ppm CPFA.  At seven days of age chicks 

in both groups were inoculated with 0.1 ml of 1/50 dilution 

of AMV by using vein injection.  Food consumption, body 

weight changes, onset and take over of AMV were recorded. 

Chicks with a myeloblast count of seven or more per field 

or chicks near death, but with less cells were bled.  Mye- 

loblasts were separated by centrifugation and washed in 

harvesting solution as described above.  Blood serum and 

myeloblasts were frozen and stored at 80oC until analyzed. 

Effect of low dietary levels of CPFA on virus infection. 

At three days of age chicks were divided into three groups 

of 45 chicks each.  Group 1 was fed the basal diet; group 2, 

basal diet plus 75 ppm CPFA; and group 3, basal diet plus 

150 ppm CPFA.  At seven days of age the chicks were inocu- 

lated with 0.1 ml of 1/50 dilution of AMV by using vein 
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TABLE II 

Subjective Measurement for Virus Particle Titer 
Estimation per Milliliter Plasma. 

Dilution Serum Titer 
group appearance estimation3 

1/10 Cloudy-hazy 1011 

1/50 Hazy 1010 

1/100 Hazy 1010 

1/1000 Clear <109 

a Titer estimation in terms of number of virus particles/ml 
of plasma. 
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injection and evaluated as described in the previous 

section.  Samples of liver, bone, and spleen were taken 

from each group and were fixed in 10% formalin solution 

for histological examinations. 

Myeloblast Plasma Membrane Isolation 

Plasma membranes from myeloblast were isolated by the 

method of Thorn £t al., (1977) .  Myeloblasts isolated from 

whole blood were resuspended by the addition of two pellet 

volumes of harvesting solution.  The suspension was added 

slowly with stirring to 100 pellet volumes of lysis solu- 

tion (0.02 M boric acid, 0.2 mM EDTA; pH 10.2).  Cells were 

lysed for approximately 10 minutes or long enough to ensure 

aggregation of the cytoplasm.  After lysing, eight pellet 

volumes of borate solution (0.5 M boric acid, pH 10.2) was 

added and the suspension was stirred for an additional 5 

minutes.  Plasma membranes were separated from the aggre- 

gated cytoplasm by filtration through one layer of 900 yM 

mesh nylon screen (Tetko, Inc., Elmsford, NY).  The aggre- 

gated cytoplasm was relysed as before using one-half the 

initial volumes of lysis and borate solutions, and filtered 

through the nylon screen.  The cytoplasm was washed with 

10 ml of lysing solution and the filtrate containing crude 

plasma membranes were pooled and centrifuged at 450Xg for 

10 minutes at 40C.  The resulting supernatant containing 

plasma membranes was centrifuged at 2000xg for 30 minutes 
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at 40C.  The supernatant was decanted and the plasma mem- 

brane-rich pellet was gently suspended in osmo- tris • Cl 

buffer (140 mM NaCl, 5 mM KC1, 0.49 mM MgCl2 • 6 H20, 0.1 mM 

EDTA, 15 mM Tris • HCl, pH 7.5) and gently homogenized with 

a Bounce-type homogenizer.  The plasma membrane suspension 

was layered on top of a 36% sucrose osmo- tris • Cl solu- 

tion, pH 7.5 and centrifuged at 24,000x;g for 75 minutes at 

40C.  Plasma membranes were collected with a Pasteur 

pipette at the sucrose-buffer interface, resuspended in 

10 ml of osmo- tris • Cl, pH 7.5, and pelleted at 

100,000xg for 15 minutes at 40C.  The plasma membrane 

pellet was gently resuspended in osmo- tris • Cl, pH 7.5 

buffer using a Bounce homogenizer.  The purified membranes 

were used immediately or frozen at -80° until analyzed. 

Purification of Virus Particles 

Virus particles were purified by the method of To 
q 

(1981) .  Blood serum containing virus at levels of 10  to 

12 10  virus particles per ml were clarified by centrifugation 

at 4000xg for 5 minutes at 40C.  A small amount of cellite 

was added to the tube to aid in pelleting whole cells and 

cellular debris.  The virus particles in the supernatant 

were then pelleted through 11-15 ml of 20% sucrose in 

0.1 M tris HCl, 0.15 M NaCl, pH 8.0 (TN) buffer onto a 1 ml 

cushion of 701 sucrose - TN buffer by centrifugation at 

100,000xg for 2 hours at 40C.  The virus pellet was pip- 
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etted off the 70% sucrose pad and diluted with a suf- 

ficient amount of TN buffer to obtain a final sucrose 

concentration of less than or equal to 101.  At this point 

the virus particles are partially purified.  Final purifi- 

cation of the virus particles was achieved by banding in a 

20-60% sucrose-TN linear gradient at 100,000 g for 14-16 

hours at 40C.  The virus particles were sedimented at a 

density of 1.16 gm/ml and appeared as a hazy white band. 

The supernatant above the virus particle band was removed 

by suction and the virus collected with a Pasteur pipette. 

The virus particles were diluted to less than or equal to 

20% sucrose with TN buffer, pelleted by centrifuging at 

100,000 g for 90 minutes at 40C.  The supernatant was re- 

moved by suction and the virus pellet was gently resuspended 

in 6 ml of 0.01 M Tris-Cl, 0.15 M NaCl, 10 mM EDTA pH 8.0 

using a Dounce-type homogenizer.  Virus particles were 

stored at -80oC until analyzed. 

Enzyme Assays 

ATPase was assayed on myeloblasts, plasma membranes, 

or virus particles by the procedure of Schneider and 

Beaudreau (1979).  The reaction was started by the addition 

of protein to a 1.0 ml solution containing 5 mM ATP, 

5 mM CaCl2, 100 mM NaCl, and 50 mM Tris-HCl, pH 7.5.  Mye- 

loblasts and virus particles were incubated at 3?0C for 15 

minutes and plasma membrane incubation at 250C for 15 min- 
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utes.  All reactions were stopped by the addition of 

1.0 ml of ice cold 15 percent trichloroacetic acid and 

were immediately put in ice for 5 minutes.  A 2.5 ml vol- 

ume of distilled water was added and the tubes were brought 

to room temperature.  The tubes were centrifuged in a 

clinical centrifuge for 3 minutes and 1.0 ml fractions of 

the supernatant were assayed for the release of inorganic 

phosphate (Fiske and Subbarow, 1925). 

Reverse transcriptase was assayed by the method of 

Pearson et al., (1981) . A complete description of this 

assay is shown in Appendix I. 

Extraction of Lipids 

Lipids were extracted from erythrocytes by the 

procedures of Folch £t a_l. , (1957) and from blood serum 

as described by Johnston (1971).  Myeloblasts, myeloblast 

plasma membrane, and virus particle lipids were extracted 

by the method of Bligh and Dyer (1959). 

The total lipid extracts from all samples were dried 

under nitrogen, weighed, and stored in benzene at -40oC 

until analyzed 

Chromatography 

Thin-layer chromatography (TLC) was carried out on 

layers of Silica Gel H (Merck, Elmsford, NY), 0.5 mm thick, 

in tanks lined with filter paper.  All TLC plates were 
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washed in one-dimension in chloroform/methanol/water 

(65:35:4, v/v/v), and activated 1 hour at 1150C prior to 

use.  Neutral lipids were separated with hexane/diethyl 

ether/acetic acid (90:10:1, v/v/v).  Phospholipids were 

separated by two-dimensional TLC (Selivonchick and Roots, 

1976) for quantitation by phosphorus assay (Bartlett, 1959). 

Choline and ethanolamine phospholipids were separated by 

one-dimensional TLC (Dreidzic et a_l. , 1976) , prior to the 

preparation of methyl esters. 

Gas liquid chromatography (GLC) was done with a Varian 

Aerograph Model 1200 gas chromatograph equipped with a 

Hewlett-Packard 3380A computing integrator; a stainless 

steel column (180 x 0.31 cm) packed with 101 SP-2330 on 

100/120 Supelcoport (Supelco, Bellefonte, PA) was used iso- 

thermally at 190oC.  Peaks were identified by comparison of 

relative retention times with standards PUFA No. 1, PUFA 

No. 2 (Supelco, Bellefonte, PA), and by determination of 

equivalent chain length according to Hofstetter et a_l, 1964) 

Analysis of Fatty Acyl Groups 

Methyl esters were prepared from phospholipids, 

triacylglycerols, choline phospholipids, and ethanolamine 

phospholipids after separation by TLC.  After TLC develop- 

ment, the lipids were visualized by spraying with 2', 7'- 

dichlorofluorescein and viewing under ultraviolet light. 

The lipid spots were scraped from the TLC plate and sub- 
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jected to methanolysis by heating in 41 sulfuric acid in 

methanol in Teflon-lined screw capped pyrex test tubes at 

900C for 90 minutes.  The methyl esters formed were 

extracted with hexane, washed with 51 sodium bicarbonate 

and dried over anhydrous sodium sulfate.  The methyl esters 

were purified on thin layer plates (Silica Gel H) developed 

in benzene. 

Analytical Determination 

The cholesterol content of the extracted lipid was 

determined after separation by one-dimensional TLC and 

elution from the silica gel with chloroform/methanol (6:1, 

v/v).  Cholesterol was determined colorimetrically by the 

procedure of Zlatkis ejt al..  (1963) in which the eluted 

cholesterol was mixed with 6.0 ml glacial acetic acids and 

4.0 ml ferric choloride (diluted 1:25 with concentrated 

sulphuric acid).  The samples were allowed to cool for 10 

minutes and then read against cholesterol standards at 

5 50nm. 

Protein was determined by the method of Lowry et_ al. 

(1951) with bovine serum albumin as a standard. 

Histological Preparation 

Tissues fixed in formalin were washed twice in 50% 

ethanol then rinsed in tap water to remove fixative. 

Tissues went through a dehydration, infiltration and pre- 
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embedding process on an autotechnicon (Technicon, Inc., 

Tarrytown, NY).  Graded concentrations of ethanol followed 

by ethanol-xylene solutions were used, the 12-hour cycle 

ended with 1001 xylene.  The tissue was then embedded in 

Paraplast (Lancer, St. Louis, MO) using a Tissue Tek-II 

tissue embedding center (Lab-Tek Products, Naperville, IL). 

Prepared sections were stained with Lerner-3-Hematoxylin: 

Gills Tripple Strength (Lerner Laboratories, New Haven, CT) 

and an Eosin-Phloxine stain reagent on a Hematoxylin and 

Eosin automatic stainer, Honeywell GLS-360 (Honeywell, Inc., 

Minneapolis, MN). 

Electron Microscopy 

Samples of myeloblasts and virus particles were fixed 

in 2.51 glutaraldehyde in 100 mM sodium phosphate buffer, 

pH 7.2 for 1 hour, rinsed in buffer and mixed with iron 

agar to aid trimming.  Following a phosphate buffer wash, 

samples were post-fixed with 1% osmium tetroxide in phos- 

phate buffer for one hour and simultaneously dehydrated and 

stained in 501 acetone, 701 acetone saturated with uranyl 

acetate and 1001 acetone, each for periods of fifteen min- 

utes.  Following infiltration overnight with one third 

acetone and two third's Spurr's low viscosity medium, blocks 

were cured overnight at 70oC and cream-colored sections cut 

with a Sorvall Porterblum Ultramicrotome.  Sections were 

mounted on 300 mesh copper grids, post-stained with lead 
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citrate and examined and photographed in a Phillips 300 

electron microscope. 

Computation of Data 

Body weights were determined by weighing a group of 

five chicks in each treatment group.  The recorded weights 

from each treatment group for each weighing period was 

then averaged to give the average weight gain. 
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RESULTS AND DISCUSSION 

Effect of Cyclopropenoid Fatty Acids on Growth 
and Blood Lipids 

A nutritional study with three graded levels of CPFA 

was conducted to determine a dietary level of CPFA to use in 

subsequent studies.  An optimal level of dietary CPFA should 

produce an observable effect without causing detrimental 

physiological stress in chicks.  Physiological stress was 

evaluated by changes in body weight, food consumption and 

blood lipids from serum and erythrocytes. 

Food Consumption and Growth 

At the conclusion of the 25 day nutritional study, food 

intake of chicks fed 300 ppm CPFA was reduced when compared 

to the controls.  The control chicks consumed 12.8 gm/chick/ 

day, while those in the 300 ppm group consumed 11.5 gm/chick/ 

day.  An unexpected increase in food intake, 13.7 gm/chick/ 

day, was found in chicks fed 100 ppm CPFA.  In addition, 

after 12 days of treatment body weight of the CPFA fed cheicks 

was reduced (Figure 1).  Other investigators have also report- 

ed reduced body weight in laying hens and rats fed various 

levels of CPFA (Kemmerer et al.,   1965; Donaldson, 1967; 

Coleman and Friedman, 1971; Miller et^ a_l. , 1969).  Schneider 

et al. (1962) found hen body weight decreased when the level 

of dietary CPFA increased.  A similar observation was noted 
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Figure I.  The effects of Or-100, or 300 ppm dietary 
cyclopropenoid fatty acids on the weight gain response 
of chicks.  O) control  (o) 100 ppm CPFA  (•) 300 ppm 
CPFA 
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in the present study after 16 days of treatment and as the 

study continued weight differences became obvious (Figure 1). 

Kibler and Brody (1944) followed the oxygen consumption 

in relation to body weight, age, and surface area of Rhode 

Island Red chickens from hatching to 6 or 13 months of age. 

These investigators directed their attention towards an 

apparent parallelism between metabolism per day and growth 

during the first 2 months after hatching.  They found the 

resting calories/square meter to increase during this 

critical period of growth from 750 calories to about 1300 

calories at day 30.  Concurrently, daily growth rate/square 

meter was found to similarly increase to a maximum of 370 gm 

at about day 25.  It was concluded that there was a positive 

correlation between metabolic rate and body weight.  There- 

fore, data in the present study suggest a lower metabolic 

rate in CPFA fed chicks. 

Serum Fatty Acids 

Triacylglycerols.  Overall acyl group composition began to 

show distinct changes in 2 weeks (Table III).  The 18:0/18:1 

ratio was affected within 7 days of treatment.  As shown in 

the tables, the ratio change was directly correlated to diet- 

ary CPFA levels and days on treatment.  A decrease in mono- 

enes, 18:1 n-9 and 16:1 n-9 was observed with a simultaneous 

increase in 18:0 and 16:0.  The unsaturation indices (UI) 

also indicate that triaglycerol unsaturation was decreased, 



TABU: III 

Constituent l;3tty Acids (Wt '») of Tiiacyl g I ycero I s l:tom Blood Scrum 
of White Leghorn Chickens PcJ 0, 100, or JOO I'I'M of Cyc lopropenoid Patty Acids". 

DAYS ON TRHATMI-NT 0 7 14 2 5 

b 
AC VI. GltOUP 

14:0 
16:0 
16:1 n-9 
18:0 
18:1 n-9 
18:2 n-6 
18:3 n-9*n-6 
20:3 n-6 
20:4 n-6 
20:5 n-6 
22:5 n-3 
22:6 n-3 

c mi joo          c          HHI        m\         c          1^0        300          c          MIO 300 

0.58 0.60 0.56 0.43 0.64    0.58    0.26    0.62    0.30    0.24 0.24 0.38 
19.3 19.0 21.9 33.1 34.7 42.3 19.3 24.0 23.3 23.6 24.9 29.9 
1.0 1.6 0.85 6.2 3.3     1.9     2.7     .23    0.99    2.2     1.2 1.4 

21.5 18.2 21.1     8.5 11.6 22.5 U.I 14.4 23.1 12.2 27.8 30.6 
18.2 21.4 14.3 33.5 26.4 22.8 35.4 30.0 23.2 35.9 28.7 22.7 
11.8 14.3 11.0 15.8 14.7     7,9 14.9 17.9 22.7 19.6 12.9 8.4 
0.59 0.81 0.43 0.42 0.89    0.22    0.18    0.42    1.1     0.75 0.28 0.31 
1.0 l.l 1.5 0.16 0.15    ---     1.1     1.3     0.36    0.41 0.11 0.14 

11.0 9.9 14.0 0.32 0.13    ---     3.6     1.4     1.1     2.4 0.63 0.66 
0.6S 0.78 0.60    - - ---     ---     6.0     1.5     2.3 
1.1 1.3 0.94    ---     ---     ---     0.06   0.2 7    ---     0.08    --- 0.15 
4.1 3.5 2.8     ---     ---     ---     0.68    0.13    ---     0.03 

18:0/18: I 

11.I.C 

UFA:SPAd 

0.4 0.4 0.4 0.3 0.7 1.0 0.3 0.5 1 .0 0.4 1 .0 I.S 

129 123 136 75 63 41 127 93 92 94 60 53 

1.4 2.0 1.3 1 .4 0.9 0.5 2.3 1.6 1.2 1.8 0.9 0.7 

Acyl group values represent the mean of three separate experiments. 

bTraces of 20:0, 20:1, 20:2, 22:1, 22:2, 22:3, 22:4 were also present 

U.I. - unsaturation index, defined as T.   (numbci of double bonds in each fatty acid) x (Wt . %   of each fatty acid). 

UPA:SFA =■ ratio of the sum of unsaturatcd fatty acids to the sum of satuiated fatty acids. 
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primarily as a result of a decrease in 20:4 n-6 and 18:1 n-9. 

The alterations in 18:0/18:1 and 16:0/16:1 were expected 

and support reported claims of CPFA inhibiting the activity 

of a A9-desaturase and fatty acid synthetase (Raju and 

Reiser, 1967; Donaldson, 1967). 

Phospholipid.  The acyl group composition of total phospho- 

lipids from chicks fed 0, 100 or 300 ppm CPFA is shown 

in Table IV.  The effect of CPFA was consistent with 

other reports (Phelps et^ al. , 1964; Raju e_t al., 1976), 

in that an increase in the 18:0/18:1 ratio and a general 

trend toward a higher degree of saturation was observed. 

The changes observed directly correlate to the dietary level 

of CPFA.  For example, a three-fold increase in the 18:0/ 

18:1 ratio was observed in the 300 ppm CPFA group (Table 

IV) by day 25.  The acyl groups which showed marked decreases 

were 16:1 n-9 and 20:3 n-6.  The increase in 16:0 was not 

as great as found in triacylglycerols.  The degree of 

unsaturation as shown by the UI, revealed a slight decrease 

in unsaturation.  The overall change in unsaturation was 

not as large as that observed in triacylglycerols.  This 

was due to a sparing of the long chained polyunsaturated 

fatty acids (PUFA) associated with the phospholipids as a 

result of dietary treatment. 



TABI.Ii IV 

Constituent Fatty Acids (Wt 1) of Total Phospholipids from Blood Serum of. 
White Leghorn Chickens fed 0, 100, or 300 I'PM of Cyclopropenoid Fatty Aciclsa 

DAYS ON TREATMENT 0 7 14 2 5 

ACYI. GR0UPh 

14:0 
16:0 
16:1 
18:0 
18:1 n-9 
18:2 n-6 
18:3 n-9+n-6 
20:3 n-6 
20:4 n-6 
20:5 n-6 
22:5 n-3 
22:6 n-3 

C 100 300 C 100 300 C 100 300 C 100 300 

0.25 0.28 0.32 0.19 0. 18 0.22 0.27 0.09 0.14 0.07 0.02 0.08 
13.0 17.4 12.5 27.3 29.1 28.1 22.2 19.8 18.5 23.0 25.1 24.2 
1.3 1.0 1.0 2.2 1 .6 2.1 1.4 0.90 0.19 0.77 0.33 0.25 

18.1 19.2 16.9 26.3 26.5 24.7 20.8 23.7 25.2 27.3 28.4 31.4 
23.4 22.8 24.0 17.2 15.3 18.8 15.4 12.0 7.8 10.9 8.0 5.9 
20.1 14.4 17.8 15.6 17.3 16.0 15.1 19.6 22.3 15.0 17.1 17.4 
0.67 0.66 0.52 0.40 0.47 0.40 0.22 0.34 0.38 0.23 0.31 0.34 
1 .2 1.1 1.3 1.8 2.3 2.2 3.6 4.7 5.3 2.0 2.4 3.2 
8.4 10.7 10.3 4.9 3.6 2.7 11.6 10.3 10.6 13.7 10.8 8.9 
1.3 1.6 1 .8     0.65 0.99 1.1 : 1.43     
1.1 0.92 1.4 0.17 0.09 0.07 0.58 0.51 0.76 0.37 0.26 0.26 
3.0 3.7 2.2 0.38 0.43 0.31 1.65 1.7 2.3 1.4 1.5 0.89 

18: 0/18:1 

11.1 c 

UFA :SFAd 

0.7 0.8 0.9 1.3 1.6 1.3 1.4 2.0 3.3 2.5 3.7 4.6 

157 138 156 82 79 77 131 134 142 124 108 100 

4.2     1.6     3.8     0.9     0.8     0.9     1.3     1.3     1.3     1.0     0.9     0.8 

Acyl group values represent the mean of three separate experiments. 

Traces of 20:0, 20:1, 20:2, 22:1, 22:2, 22:3, 22:4 were also present. 

U.I. = uiisaturation index, defined as E (number of double bonds in each fatty acid) x (Wt. %  of each fatty acid). 

IIFA:SFA = ratio of the sum of unsaturated fatty acids to the sum of saturated fatty acids. 
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The results of the present study showed that CPFA 

altered the composition of serum lipids.  The effects of 

this alteration on normal plasma functions are not known. 

However, it has been shown that saturated fatty acids are 

incorporated into triacylglycerols less efficiently (Jeffcort 

£t jal. , 1979).  These authors also suggested that stearoyl- 

CoA desaturase has an important role in the secretion of 

lipoproteins by regulating the amount and type of fatty acids 

available for triacyl'glycB'rol synthesis.  Since virtually all 

lipids in chick plasma are transported in the form of lipo- 

proteins, any alterations in lipid structure could affect 

the optimal functioning of these plasma components.  It has 

been shown that composition and configuration of chick plasma 

lipoproteins governs their functionality (Bell and Freeman, 

1971) .  That lipoprotein complexes can be altered by CPFA 

was  shown by Burley (1970) .  This investigator found texture 

changes in egg yolks from hens fed CPFA and attributed these 

changes to an alteration in the lipoprotein complex induced 

by CPFA. 

Erythrocyte Fatty Acids: 

Triacylglycerols.  A change in the acyl group composition of 

triacylglycerols of erythrocyte lipids were revealed by 2 

weeks of treatment (Table V).  Differences between CPFA 

treated chick erythrocytes and controls were related 

to dietary levels of CPFA.  Acyl groups which showed marked 



b 
ACYL GROUP 

14:0 
16:0 
16:1 
18:0 
18:1 n-9 
18:2 n-6 
18: J n-9  +  i 
20:3 n-6 
20:4 n-6 
20:5 n-6 
22:S n-3 
22:6 n-3 

+ n-6 

TAHU; V 

Constituent l-'atty Acids (Wt ".) of the Triacyl gl ycerols I'rom Kry throcytes of 
White Leghorn Chicks I'ed 0, 100, or 300 PI'M of Cyclopropenoid Fatty Acids3. 

DAYS ON TREATMENT 0 7 14 2 5 

100     300      C      100     300      C      100     300      C      100     300 

0.61 0.46 0.54 0.43 0.66 0.86 0.60 0.32 0.68 0.92 1.2 0.90 
17.6 13.5 15.4 27.4 31.2 35.6 23.7 23.9 24.5 26.6 26.1 28.5 
2.2 1.4 2.6 6.0 3.3 3.2 4.8 2.5 1.2 2.1 1.2 1.6 

13.5 12.8 12.0 7.3 13.9 19.1 11.0 12.6 22.4 13.4 23.0 21.7 
20.4 19.4 21.3 30.6 25.6 24.8 30.0 25.5 18.1 29.6 22.5 17.5 
14.6 13.9 15.6 24.5 21 .9 13.6 14.7 23.4 17.9 24.6 20.9 26.2 
0.42 0.62 0.40 1.3 1.3 0.85 0.46 0.74 0.52 0.49 0.52 0.65 
1.9 1.3 2.5 0.42 0.30 0.28 0.34 0.18 0.17   0.40 
1.4 1.7 2.0 0.40 0.11 0.05 0.60 0.52 0.32 0.55 0.47 0.20 
4.9 5.2 5.4     9.73           
1.2 0.78 1.7         0.45     
0.34 0.52 0.47                 

18:0/18:1 0.5     0.7     0.5     0.3     0.6     0.8     0.4     0.5     1.3     0.5     l.l     1.3 

U.1.C 101     187     127      93      79      60     121      81      78      86      67      76 

0.6 0.8 0.4 

79 60 121 

1.2 0.8 1.8 UFA:SFAd 1.5     2.8     1.7     1.9     1.2     0.8     1.8     1.7     1.2     1.4     1.0     0.96 

Acyl group values represent the mean of three separate experiments. 

bTraces of 20:0, 20:1, 20:2, 22:1, 22:2, 22:3, 22:4 were also present. 

U.I. - unsaturation index, defined as s: (number of double bonds in each fatty acid) x (Wt. 4 of each fatty acid). 

U1'A:SFA = ratio of unsaturated fatty acids to the sum of saturated fatty acids. 
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decreases were 16:1 n-9. and. 18:1 n-9.  Noticeable increases 

in 16:0, 18:0 and 20:3 n-6. were also observed after 7 days 

of CPFA treatment and became more apparent as the study 

continued.  In general, the degree of unsaturation as 

indicated by UI showed marked reductions. 

Phospholipids.  Phospholipid a'cyl group composition of 

erythrocytes is shown in Table. VI.  Fatty acid changes are 

apparent after two weeks of treatment and are augmented 

by an increase in dietary CPFA.  For example, the 18:0/18:1 

ratio showed a two-fold increase in the 300 ppm CPFA fed 

chick by day 25.  The 16:1 n-9 and 18:1 n-9 acyl chains 

decrease markedly.  Noticeable increases were observed in 

18:0, 18:3 n-3, and 20:3 n-6.  Similar changes in monoene 

and SFA content have been reported by others (Evans et aJ., 

1962; Allen et al., 1967; Raju et al., 1976).  Analysis of 

UI revealed a general decrease in unsaturation (Table VI). 

As in chick serum, the erythrocyte phospholipids were spared 

large changes in unsaturation.  It appeared that the increase 

in SFA was compensated for by an increase in the longer 

chained PUFA that were found associated with phospholipids. 

The effects of alterations in membrane acyl groups by 

CPFA on membrane structure and function are unknown.  Satur- 

ated fatty acids are known to affect membrane fluidity and 

structure.  Webb et al. (1960) showed saturated and unsat- 

urated fatty acids are incorporated into chick erythrocyte 



ACYL GI!OUPb 

14:0 
16:0 
16:1 
18:0 
18:1 n-9 
18:2 n-6 
18:3 n-9 ♦ 
20:3 n-6 
20:4 n-6 
20:5 n-6 
22:5 n-3 
22:6 n-3 

n-6 

18:0/18:1 

ll.I.c 

UPA:SI'Ad 

TABLE VI 

Constituent Patty Acids (IVt %)   of Total Phosphol i pids Prom Prythrocytes of 
White Leghorn Chicks Pod 0, 101), or 300 PPM of Cyclopropenoid Patty Acids3. 

DAYS OF TREATMKNT 0 7 14 2 5 

100     300      C      100     300      C      100     300      C      100     300 

0.17 0.10 0.14 0.14 0.14 0.15 0.15 0.13 0.09 0.10 0.12 0.14 
22.6 20.1 20.1 21.8 21.6 22.7 20.9 20.1 19.5 22.3 21.7 22.2 
0.42 0.31 0.28 1.1 0.62 1.1 1.2 0.58 0.13 0.60 0.25 0.30 

18.1 17.9 18.8 20.8 22.9 22.7 18.2 20.1 22.5 19.5 23.9 26.8 
11.4 9.6 9.5 12.5 10.5 12.2 12.4 8.4 6.9 9.5 6.2 5.9 
22.5 22.5 22.2 23.5 24.9 23.0 24.7 27.0 29.5 27.3 27.6 27.1 
0.55 0.63 0.54 0.66 0.75 0.67 0.67 0.75 0.87 0.37 0.70 0.67 
2.3 2.3 2.2 2.0 2.5 2.6 2.6 2.3 3.5 2.0 2.7 3.4 

11.0 13.6 14.0 6.5 6.1 5.4 6.8 6.7 5.9 7.5 6.6 5.0 
0.52 0.71 0.76       0.64 1.8 1.1       
0.99 1.2 1.1 1 .5 1.6 1 .0 1.7 2.4 1.8 2.1 2.0 1 .3 
2.6 3.1 3.0 1.2 1.0 1.0 1.3 1.2 1.0 0.84 0.79 0.48 

1.4 1.9 2.0 1.7 2.2 1.9 1.5 2.4 3.3 2.1 3.9 4.5 

142 157 159 118 117 112 131 138 135 132 126 109 

l.S 1 .6 1.6 1 .3 1.3 1 .2 1.6 1.5 1.4 1.4 1.3 1 .0 

Acyl group values represent the mean of three separate experiments. 
bTraces of 20:0,  20:1, 20:2, 22:1, 22:2, 22:3, 22:4 were also present. 
CU.I. = Unsaturation index, defined as E (number of double bonds in each fatty acid) x (Wt %  of each fatty acid). 

UFA:SPA = ratio of the sum of unsaturated fatty acids to the sum of saturated fatty acids. 
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triacylglycerols and phospholipids.  An increase in stearic 

acid in erythrocyte membrane phospholipids has been shown to 

increase erythrocyte susceptibility to hemolysis (March et 

al. , 1966).  Kimelberg and Papahadjopoulos (1974) have also 

shown the enzymatic activity (Na+ + K+) ATPase to be very 

sensitive to acyl chain dependent fluidity of the phospho- 

lipid membrane.  The results from the present study suggest 

functional properties and stability of the erythrocyte are 

altered by CPFA induced lipid changes. 
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Effects of High Dietary Levels of Cyclopropenoid 
Fatty Acids on Viral Infectivity 

In the following study the interaction of AMV and CPFA 

was investigated.  Because no obvious outwardly pernicious 

effects were observed in the preceeding growth study, a 

dietary level of 300 ppm CPFA was chosen for the studies 

that follow. 

Food Consumption and Growth 

Body weight changes are shown in Figure II.  Weight 

differences were noticeable after 16 days of treatment.  At 

the conclusion of this study, the weight of the 300 ppm CPFA 

fed group was 169 gm, the control group was 237 gm.  Food 

consumption patterns related to the observed growth. 

At the conclusion of this study, the 300 ppm CPFA fed chicks 

had consumed 9.1 gm and the controls 14.3 gm of diet/chick/ 

day.  Of interest, was the observation of a downward shift 

in the growth curves when chicks were inoculated with AMV. 

AMV appeared to delay the response of a change in body weight 

between the 2 groups.  A noticeable difference in this study 

occurred at day 16, whereas in the growth study without AMV 

a difference was observed at day 12.  These observations 

suggest AMV caused a reduction in metabolic rate and growth 

which was enhanced by CPFA once signs of a response to AMV 

occurred. 
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Figure II.  The effects of 0  or 300 ppm dietary 
cyclopropenoid fatty acids and avian myeloblast- 
osis virus on the weight gain response of chicks. 
(A)   control (•) 300 ppm CPFA 
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Gross Morphological Effects 

An unexpected response to AMV in the CPFA fed chicks was 

observed 7-8 days post-inoculation.  Instead of the normal pro- 

liferation of large, round primitive myeloblasts, severe hema- 

toma, inflammation, and infection was seen.  The hemorrhagic 

condition became progressively worse with continued CPFA treat- 

ment.  Moreover, circulating myeloblasts in the blood stream 

were not observed or were found in trace amounts.  Common skin 

abnormalities observed in the majority of CPFA treated 

chicks were bullae (large watery blisters) , purpula (spon- 

taneous extravasation of blood from the capillaries into the 

skin) which was manifested by petechiae (small hemorrhagic 

spots) and ecchymosis (large hemorrhagic plaques), psoria- 

sis (scaley lichenoid changes), and extreme weakening of 

feather roots which permitted feathers to fall out or to be 

pulled out easily.  Blood accumulation in the cranial region 

of the head, under the beak, and at the leg and wing joints 

was observed in chicks that survived the hematoma and infec- 

tion.  This morphological change occurred in chicks that had 

less severe hemorrhaging or showed no signs of hemorrhaging 

11 days post inoculation while the more severe hemorrhagic 

chicks showed this change 13 days post inoculation. 

The number of myeloblasts counted per field was usually 

less than two, but as the hemorrhagic condition lessened the 

number of myeloblasts counted per field increased.  This 
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suggests that severe hemorrhaging, infection, and other 

physiological disorders were causing death before AMV had 

the opportunity to infect and release myeloblasts into the 

blood stream.  Subjective evaluation of the blood plasma 

recovered from AMV and CPFA treated chicks gave an esti- 

mated titer of 10   - 10  virus particles per ml.  Appar- 

ently, some type of virus particle was being actively 

liberated.  It was questioned whether or not it was in fact 

AMV, since so few myeloblasts were observed and recovered 

(< 0.1 ml). 

The cause of this unexpected response is unknown. 

However, CPFA are known to be tumor promoters when fed in 

conjunction with the carcinogen aflatoxin B^ •  Lee ejt al. 

(1971) showed 100 ppm CPFA fed in combination with 20 ppb 

aflatoxin Bj caused a 85% increase in tumor incidence in 

rainbow trout.  Berenblum and Armuth (1981) stated that 

promoting activity could be related to changes in the cell- 

ular system that transcribes information from the gene into 

messages, that can then be translated to specific enzyme 

proteins.  From the previous growth study, without AMV, it 

was suggested that CPFA altered biological membranes and 

components by inducing lipid changes.  A change in the regu- 

latory mechanism which controls the expression of AMV gene- 

tic information by CPFA induced lipid changes might have 

caused the observed response in the present study.  A potent 
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tumor promoter, 12-0-tetradeconoyl-phorbol-13-acetate (TPA) 

has been shown to stimulate mouse mammary tumor virus, an 

RNA virus, 10-20 fold (Arya, 1980).  This author suggested 

TPA caused a stimulation of viral RNA transcription accom- 

panied by a stimulation of the assembly and release of virus 

particles.  Pearson et al.  (1981), also reported that hal- 

ogenated hydrocarbons were capable of stimulating the gene 

expression of endogenous avian RNA tumor virus. 

Myeloblast Phospholipids from Chicks Fed 0 or 300 ppm 
Cyclopropenoid Fatty Acids 

The phospholipid composition of myelobasts is shown in 

Table VII.  Choline phospholipid (CP) was the major phospho- 

lipid in both 0 and 300 ppm CPFA myeloblasts.  Ethanolamine 

phospholipids (EP) was also a dominant phospholipid.  These 

data agreed with that published by Rao et al.   (1966). 

These authors also found a phosphorus containing fraction 

that comprised 2-3% of the total phosphorus and was tenta- 

tively identified as a polyglycerophosphatide.  In the 

present study, this lipid was identified as cardiolipin 

when separated by two dimensional T.L.C.  The percent phos- 

phorus associated with the cardiolopin fraction was 2.4%. 

The changes in percent phosphorous due to CPFA treatment 

were a slight decrease in all phospholipids except cardio- 

lipin which increased slightly. 



TABLE VII 

Phospholipid Composition (Percentage P) of Avian Myeloblasts 
Isolated From Chicks Fed 

0 or 300 PPM Dietary Cyclopropenoid Fatty Acidsa 

 Control 300 ppm CPFA 

Choline phosphoglycerides 46.5 40.0 

Ethanolamine phosphoglycerides 30.7 29.3 

Serine phosphoglycerides 3.6 2.2 

Sphingomyelin + Inositol phosphoglycerides 13.4 10.3 

Phosphatadic acid 0.88 0.46 

Cardiolipins 2.28 2.38 

3. 
Values represent the pool from 4 chicks and the means of at least two separate 
experiments. 

oo 
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The results in the present study suggest CPFA is 

affecting phospholipid synthesis.  The biosynthetic pathway 

of phospholipids is mediated by several enzymes and some are 

membrane bound.  The lipid changes observed in the growth 

study, without AMV, suggested enzymatic activity that de- 

pends on a specific fluidity and structure of membranes could 

be altered.  Transport of phospholipids from site 

of synthesis to another could also be affected by changes in 

cytoplasmic lipid composition.  Baldassare et_ a_l.  (1977) 

found that an excessive amount of similar acyl groups on 

phospholipids lead to strong lipid-lipid interaction.  These 

investigators suggested that this interaction may form 

clusters of lipid and lipid-protein molecules that could 

impair cellular functions. 

Myeloblast, Plasma Membrane, and Virus Particle 
Cholesterol 

The cholesterol/phospholipid ratios in the 300 ppm 

CPFA treated plasma membrane and virus particle fractions 

revealed an accumulation of cholesterol (Table VIII).  Rao 

et al.  (1966) found the cholesterol level to be the highest 

in the virus particle followed by the myeloblast then plasma 

membrane.  This result was not verified in the present study, 

as shown in Table VIII. 

The presence of cholesterol provides stability in 

biological membranes by decreasing the permeability of cer- 



TABLE VIII 

Cholesterol and Phospholipid Ratios in Avian Myeloblasts, 
Plasma Membranes, and Virus Particles Isloated From 

Chicks Fed 0 and 300 PPM Dietary Cyclopropenoid Fatty Acids 
a 

mcA r»Jm\                           uru„i„ «-„i i.-           Plasma Virus CPFA (ppm)           Whole Cells         M^K^™,**.          n^r-i-i ,-i ^^  ^^^   J Membranes Particles 

Control 3.6 15.2 85.6 

300 2.0 23.9 141.0 

aValues represent the pool from 4 chicks and the means of at least two separate 
experiments. 

Cn 
a 
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tain solutes.  However, Papahadjopoulos (1974) found that an 

increase in membrane cholesterol in relation to phospholip- 

ids could inhibit vital transport processes.  Furthermore, 

an increase in cholesterol produces a more condensed, 

thicker membrane (Chapman and Wallach, 1968) and restricts 

the mobility of neighboring phospholipid fatty acyl chains 

(Engelman and Rothman, 1972).  The increased levels of cho- 

lesterol in plasma membrane and virus particles infers an 

alteration in membrane structure and function.  An accumula- 

tion of cholesterol was also found in CPFA fed rainbow trout 

livers by Scarpelli (1975).  These investigators also 

showed that as cholesterol accumulated the activity of 

glucose-6-phosphatase, an endoplasmic reticulum bound 

enzyme decreased. 

The effects of accumulated cholesterol in the virus 

particle are unknown.  The stabilizing effect of cholesterol 

may add additional stability to the virus particle, thereby, 

increasing this degree of infectivity by aiding in virion 

attachment to the host cell. 

Effects of 300 ppm Cyclopropenoid Fatty Acids on the Acyl 
Group Composition of CP and EP 

Myeloblasts. The acyl groups of CP that showed a marked 

decrease were 16:1 n-9, and 18:1 n-9 (Table IX). CPFA treat- 

ment was shown to induce an increase in 18:0 although the 

overall unsaturation as shown by the UI did not appear to 



TABLE IX 

Constituent Fatty Acids (Wt I) of Choline and Ethanolamine 
Phosphoglycerides From Myeloblasts Isolated From Chicks Fed 

0 and 300 PPM Dietary Cyclopropenoid Fatty Acidsa 

.  , r   b           Choline Phosphoglyceride  Ethanolamine Phosphoglyceride 
Acyi ^roup Control 300 Control 300  

0.35                 0.31                                  --- 0.09 
28.23               25.95                               11.18 9.72 

1.9'8 0.35 0.46 
16.30               19.07                               27.42 35.58 
19.92               11.22                                 12.90 6.58 
14.00               24.11                                  8.42 13.55 
0.21                 0.45                                  0.22 0.53 
1.25      2.12             1.67 2.64 

10.62     10.11            22.02 23.71 
3.36      1.58             8.01 3.19 

1.35 0.72 
0.95 0.27 

0.84      1.7              2.19      5.40 
1.19      1.15             1.51      1.17 
 116 121 171 158  
aAcyl group values represent the pool from 4 chicks and the means from at least 
two separate experiments. 

bTraces of 20:0, 20:1, 20:2, 22:1, 22:2, 22:3, 22:4 were also present. 

UFA:SFA = ratio of the sum of unsaturated fatty acids to the sum of saturated 
fatty acids. 

U.I. = Unsaturation index, defined as £ (number of double bonds in each fatty 
acid) x (Wt % of each fatty acid). tn 

14: :0 
16: :0 
16: :1 n- ■9 

18: :0 
18: :1 n- ■9 

18: :2 n- •6 
18: :3 n- ■9 

20: :3 n- •6 
20: :4 n- -6 
22: :4 n- 6 
22: :5 n- •3 
22: :6 n- 3 

18: :0/18:l 
UFA/J JFA^ 
U.] [.l i 
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be affected by CPFA treatment.  This could be due to a nearly 

2-fold increase in 18:2 n-6, 18:3 n-9 and 20:3 n-6.  The 

ratio of 18:0/18:1 was shown to increase 2-fold.  This 

result reflects CPFA inhibition of the activity of A9- 

desaturase. 

The effects of CPFA treatment on acyl group composition 

are more apparent in EP (Table IX).  CPFA caused a decrease 

in mono and poly unsaturated fatty acids.  Those fatty 

acids that showed a marked reduction were 16:0, 16:1 n-9, 

18:1 n-9, and 22:4 n-7.  Large increases were observed 

in 18:0 and 18:2 n-6 acyl groups.  The 18:0/18:1 ratio of 

EP increased nearly 3-fold showing inhibition of the A9- 

desaturase.  In addition, the UI showed a marked reduction 

in unsaturation.  This was attributed to the large increase 

in 18:0 and decreases in mono and poly unsaturated fatty 

acids. 

The synthesis of CP has been shown to regulate EP 

synthesis (Olson, 1981).  This investigator also found CP 

synthesis was favored when required substrates were minimal 

or lacking.  This observation could explain the sparing 

of CP unsaturation over EP due to CPFA treatment.  The 

observed results could also influence AMV synthesis since 

viral synthesis occurs in the cytoplasm of the host cell. 
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Myeloblast Plasma Membranes.  CPFA was shown to affect the 

saturated and unsaturated acyl composition of myeloblast 

plasma membrane CP and EP (Table x).  A marked reduction in 

16:0, 16:1 n-9, and 18:1 n-9 was observed in both phospho- 

lipids.  A slight decrease was found in 20:4 n-6.  A notice- 

able increase was found in 18:0 and 20:3 n-6 in both phos- 

pholipids.  The longer chained PUFA associated primarily 

with EP were minimally affected by CPFA treatment.  However, 

overall EP unsaturation was shown to decrease and this was 

reflected by a lower UI.  The unsaturation of CP, on the 

other hand, showed no change.  This difference was due to 

the larger decreases in monoene composition in EP than CP. 

The effects of the observed changes in CP and EP acyl 

composition and unsaturation in the myeloblast plasma mem- 

brane are uncertain.  It is known, however, that these phos- 

pholipids have an important role in membrane structure, 

function, and integrity.  Coleman (1973) has found that 

membrane-bound enzymes have a strict lipid requirement and 

some required specific phospholipid polar head groups for 

optimal functioning.  He also found enzyme activity was 

affected by alterations in lipid-protein interactions within 

the membrane.  The physical state of membrane phospholipid 

fatty acyl chains has been shown to be crucial to achieve 

required lipid-protein interactions in biological membranes 

for optimal enzyme activity (Brotheru et jal. , 1981) .  Singer 



TABLE X 

Constituent Fatty Acids (Wt %)   of Choline and Ethanolamine 
Phosphoglycerides in Myeloblast Plasma Membranes Isolated From Chicks 

Fed 0 and 300 PPM Dietary Cyclopropenoid Fatty Acids 

Choline Phosphoglyceride 
Control     300 

Ethanolamine Phosphoglyceride 
Control      300 Acyl Group 

14: :0 
16: :0 
16: :1 n- •9 
18: :0 
18: :1 n- 9 
18: :2 n- 6 
18: :3 n- ■3 

20: :3 n- 6 
20: :4 n- 6 
22: :4 n- 6 
22: :5 n- ■3 

22: :6 n- 3 

18: :0/U 1:1 
UFA/J 5FAC 

U.l [.c i 

0.31 
26.11 
1.96 

13.23 
20.53 
17, 
0, 
1. 

12, 
3, 

33 
30 
34 
22 
03 

0 
24 
0 

18 
11 
24 
0 
2 

11 
1 

27 
88 
66 
08 
39 
95 
44 
55 
39 
94 

0 
12 
0 

30 
12 
8 
0 
0 

13 
77 
23 
40 
08 
38 
26 
59 

0.65 
1.49 

127.7 

1.59 
1.28 

129.3 

23.22 
1.49 
0.22 
0.19 

2.51 
1.25 
159 

0.31 
9.77 

32.10 
6.41 
7.77 
0.51 
0.61 

22.76 
4.69 
0.76 
0.44 

4.99 
1.08 
144 

Acyl group values represent the pool from 4 chicks and the means from at least 
two separate experiments. 

Traces of 20:0, 20:1, 20:2, 22:1, 22:2, 22:3, 22:4 were also present. 
CUFA/SFA = ratio of the sum of unsaturated fatty acids to the sum of saturated 
fatty acids. 

U.I. = Unsaturation index, defined as E (number of double bonds in each fatty 
acid) x (Wt % of each fatty acid). en 
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and Nicolson (1972) have reported membrane lipid-protein . 

complexes to have a specific lipid component requirement 

while the protein moiety has unlimited variation in composi- 

tion.  The results in the present study suggest myeloblast 

plasma membrane lipid-protein complexes, interactions, and 

enzyme activity could be altered by CPFA induced lipid 

changes. 

Furthermore, CPFA may alter enzyme activity by affecting 

the fluidity of the membrane.  The 18:0/18:1 ratio was shown 

to increase 2-fold by CPFA treatment in both CP and EP 

(Table X).  An increase in saturated fatty acids and cholest- 

erol can decrease membrane fluidity.  A decrease in membrane 

fluidity can disturb the stabilizing force of cohesion which 

exists in all biological membranes.  The degree of change in 

membrane fluidity by acyl chains has been shown to be the 

greatest with the addition or deletion of monoenes (Demel 

et al. , 1972).  These investigators also found the addition 

of subsequent double bonds did not alter fluidity as much. 

Therefore, it appears CPFA can influence membrane fluidity 

by reducing monoene synthesis.  This has been attributed to 

CPFA inhibition of A9-desaturase.  Consequently, many mem- 

brane functions that depend on a specific degree of fluidity 

can be altered such as Na+/K+ ATPase (Kimelberg and 

Papahadjopoulos, 1974; Sinensky et al., 1979) and the trans- 



57 

lational or "flip-flop" movements that occur within membranes 

(Singer and Nicolson, 1972; Bretscher, 1973). 

In addition, Bretscher (1973) has suggested the purpose 

for the arrangement and acyl composition of EP was to pro- 

vide the internal side of the membrane with a less ordered 

phase that provided a better environment for integrating 

proteins into membranes.  The lipid changes induced by CPFA 

in the present study showed EP was acquiring a more ordered 

configuration by decreasing its unsaturation.  This suggests 

CPFA could alter the incorporation of proteins into the 

membrane.  Results of such an alteration would be a change 

in lipo-protein complexes, enzyme activity, and membrane 

fluidity. 

Virus Particles.  The change in most acyl groups was exactly 

the opposite of what was observed in the whole cell and 

plasma membrane (Table XI).  In CP 18:0, 18:2 n-6, 18:3 n-3, 

20:3 n-6, and 22:1 n-6 were found to increase, while 16:0, 

16:1 n-9, 18:1 n-9, and 22:4 n-6 decreased.  The acyl groups 

that decreased in EP were 16:0, 18:2 n-6, and 20:3 n-6.  A 

slight increase was found in 18:0, while marked increases 

were observed in 18:1 n-9 and 22:4 n-6.  A result of this 

reversal was an increase in unsaturation as shown by UI 

(Table IX).  Another difference was that the degree of unsat- 

uration in virus particle EP and CP was influenced by CPFA 

treatment.  The change in the 18:0/18:1 ratio was also 



TABLE XI 

Constituent Fatty Acids (Wt I) of Choline and Ethanolamine 
Phosphoglycerides in Avian Myeloblastosis Virus Particles Isolated From 

Chicks Fed 0 and 300 PPM Dietary Cyclopropenoid Fatty Acids3 

Acyl Group 

14:0 
16:0 
16:1 n-9 
18:0 
18:1 n-9 
18:2 n-6 
18:3 n-3 
20:3 n-6 
20:4 n-6 
22:1 n-6 
22:4 n-6 
22:5 n-3 
22:6 n-3 

18:0/18:1 
UFA/J JFA^ 
U.I/ 1 

Choline Phos jphoglyceride 
300 

Ethanolamine Phosphoglyceride 
Control Control 300 

0.18 0.095 0.09 0.10 
21.89 26.14 12.29 10.92 
0.23 0.77 0.14 0.39 

34.67 28.17 22.60 23.34 
13.75 15.21 8.90 12.16 
11.09 9.54 10.48 7.91 
0.72 0.58 0.53 0.59 
2.08 1.60 1.33 0.65 
6.97 6.86 19.92 19.15 
3.24 2.81     

2.36 4.94 8.99 14.42 
1.49 1.72 
0.86 0.81 

2.60 1.86 3.28 1.94 
0.74 0.81 1.41 1.80 

87.7 93.9 169 185 

Acyl group values represent the pool from 4 chicks and the means from at least 
two separate experiments. 

Traces of 20:0, 20:1, 20:2, 22:1, 22:2, 22:3, 22:4 were also present. 
CUFA/SFA = ratio of the sum of unsaturated fatty acids to the sum of saturated 
fatty acids. 

U.I. = Unsaturation index, defined as E (number of double bonds in each fatty 
acid) x (Wt % of each fatty acid). OO 
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reversed.  For example, in CP the. ratio decreased from 2.6 

to 1.86 with CPFA treatment.  These data suggest CPFA was 

not inhibiting A9-desaturase activity to induce, lipid 

changes.  The observed lipid changes in CPFA treated virus 

particle must have been brought about by another alteration 

in virus particle lipid metabolism due to CPFA.  The observa- 

tion of different lipid composition and CPFA effects suggests 

the virus particle has the ability to synthesize its own 

lipids.  Rao et_ al.   (1966) stated AMV were synthesizing their 

own lipids. 

The effects of CPFA alteration in virus particle lipid 

composition in relation to infectivity are uncertain.  What 

was observed in the present study was a retention of CP degree 

of unsaturation in the myeloblast and plasma membrane and a 

change in the virus particle.  The fact the CP is mainly found 

on the external side of the membrane could be significant in 

terms of infectivity.  Retention of overall membrane CP 

unsaturation will help retain the conformation and spatial 

arrangement of the exterior side of the membranes.  Therefore, 

the receptor site on host cell plasma membrane should not be 

altered.  The lipid changes induced by 300 ppm CPFA in the 

virus particle may favor virion attachment which would account 

for the observed viral stimulation. 

Of importance in AMV infectivity is the process for 

viral liberation from the host cell.  The newly synthesized 

virus particle is released from the host cell by budding off 
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the plasma membrane.  The host cell plasma membrane lipids 

are therefore integrated with those synthesized by the virus 

particle which might confer some special structure or pro- 

perty to the virus particle which aids infectivity. 

Effects of 300 ppm Cyclopropenoid Fatty Acids on ATPase 
Activity: 

ATPase activity of myeloblasts, plasma membranes, and 

virus particles are shown in Table XII.  ATPase activity was 

the highest in the virus particle and did not appear to be 

affected by CPFA treatment.  However, CPFA did enhance ATPase 

activity in the myeloblast plasma membrane from 6.1 to 10.2 

micromoles Pi liberated/mg protein/minute.  The effects of 

CPFA treatment on the ATPase activity of plasma membrane 

could be related to CPFA induced lipid changes.  Schneider and 

Beaudreau (1979) demonstrated a lipid dependency of myelo- 

blastosis ATPase.  These investigators found a higher degree 

of saturation in phospholipid acyl chains enhanced activity. 

In the present study, CPFA treatment increased saturation in 

myeloblasts and plasma membranes, but decreased saturation in 

virus particles.  This suggests CPFA is capable of altering 

myeloblastosis ATPase.  The data in Tables XI and XII support 

this idea.  In addition, DeThe et ajL. (1964) has reported 

that ATPase activity in the virus particle was dependent 

upon the properties of the infected host cell membrane.  This 

author also found the enzyme to be an expression of myelo- 



TABLE XII 

ATPase Specific Activity in Myeloblasts, Plasma Membranes, and 
Virus Particles Isolated From Chicks Fed 0 or 300 PPM 

Dietary Cyclopropenoid Fatty Acids 

Dietary 
CPFA (ppm) 

Micromoles Pi liberated/mg protein/min 
Plasma Virus 

Myeloblasts Membranes Particles 

Control 

300 

1.94 ± 0.09 

N.D.b 

6.12 ± 1.7 

10.18 ±  .8 

332.1 ± 66.4 

273.96 ± 75.9 

Values represent the pool from 4 chicks and the means of at least two separate 
experiments. 

Not determined. 

o\ 



62 

blast differentiation.  It is therefore, possible that CPFA 

induced lipid changes in myeloblasts and plasma membrane 

could effect myeloblast differentiation by affecting ATPase 

activity. 

Acylation of the cyclopropene fatty acid to membrane 

phospholipids would be an alternative explanation to the 

increased ATPase activity observed in myeloblast plasma mem- 

branes.  The incorporation of CPFA into phospholipids of 

rainbow trout liver has been shown (Eisele et al., 1979). 

These investigators found that the  C-methyl sterculate 

labeled in the 9,10-methylene bridge of the cyclopropene 

ring was largely incorporated into CP and EP.  Whether or 

not the cyclopropene ring remains intact, is bound to neigh- 

boring phospholipids or to internal membrane protein is still 

unknown. 

Electron Microscopy: 

Examination of myeloblast by electron microscopy 

revealed two major differences between the control and 300 

ppm CPFA treated (Figure III).  First, the nuclear membrane 

of the 300 ppm CPFA treated myeloblast was swollen and 

appeared to be rupturing.  Secondly, the virus particle syn- 

thesized and released from the CPFA treated myeloblast showed 

a change in morphology.  At higher magnifications, it ap- 

peared that virus particles lost the intermediate membrane 
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Electron micrographs of myeloblasts and virus 
particles isolated from chicks fed 0 or 300 ppm 
CPFA.  Myeloblast (A) control (B) 300 ppm CPFA. 
Virus particles (C) control (D) 300 ppm CPFA 
Arrows show virus particles, SN = swollen nucleus 
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and the dense inner core material (Figure III).  Rao et al. 

(1966) have reported that AMV. virus particles contain a 

dense inner core membrane, an intermediate membrane, and an 

outer membrane.  As shown in Figure III these three membranes 

are clearly seen in the controls while they are less notice- 

able in the 300 ppm CPFA treated, virus particles. 

Effects of Low Dietary Levels of Cyclopropenoid 
Fatty Acids on Viral Infectivity 

The dietary treatment of CPFA on AMV infectivity was 

repeated at lower levels in an attempt to eliminate the 

hemorrhagic response observed at 300 ppm CPFA.  Dietary 

levels of 75 and 150 ppm CPFA were chosen based on the co- 

carcinogenic activity of CPFA with AFB,.  Lee et  al. (1968) 

found tumor incidence, growth rate and size to increase 

when rainbow trout were fed 56 or 112 ppm CPFA in combination 

with 4 ppb AFB1. 

Food consumption and Growth: 

At the end of the 25 day study, the food intake per 

chick per day was 14.3 gm in the control group, 11.1 gm 

in the 75 ppm CPFA group, and 10.0 gm, 150 ppm CPFA in 

the group.  The decreased food intake also related with the 

observed decrease in body weight (Figure IV).  After 14 days 
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Figure IV.  The effects of 0, 75, or 150 ppm 
dietary cyclopropenoid fatty acids and avian 
myeloblastosis virus on the weight gain response 
of chicks.  (*) control  (o) 75 ppm CPFA 
(•) 150-ppm CPFA 
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of CPFA treatment a difference in weight gain between the 3 

groups was observable.  As the study continued the weight 

gain of the controls was greater than both the 75 ppm and 

150 ppm CPFA fed chicks.  For example, at day 25 the body 

weight of the controls was 200 gm, 188 gm for the 75 ppm 

group and 184 gm for 150 ppm CPFA fed chicks.  As observed 

in the 300 ppm CPFA AMV study, overall body weight was lower 

than the body weight of chicks fed CPFA alone.  Also, CPFA 

did not enhance a weight decrease until chicks began to 

respond to AMV.  These data give additional support to the 

suggestion of a lower metabolic rate in CPFA/AMV treated 

chicks. 

Gross Morphological Effects: 

Chicks began to respond to AMV seven days 

post-inoculation.  Symptoms of malaise, lethargy, and weak- 

ness were observed and were used as an indication of myelo- 

blastosis onset.  At day nine, however, the CPFA fed chicks 

began to show abnormal accumulation of blood in the cranial 

region of the head, under the beak, and at the knee and 

ankle joints.  Five days after the initial observation of 

blood accumulation, the hemorrhagic condition observed in 

the previous 300 ppm CPFA AMV study arose.  Death occurred 

in most CPFA fed chicks without any observable myeloblasts 

proliferation.  This was attributed to the severe internal 
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bleeding.  It was speculated that CPFA was inducing 

capillary fragility which prevented the release of myelo- 

blasts in the hemorrhagic chicks since the less severe or 

non-hemorrhagic chicks had circulating myeloblasts.  The 

most obvious difference between the low and high dietary 

CPFA/AMV studies was that at low dietary levels of CPFA 

(75 and 150 ppm) hemorrhaging was less violent and began 

with blood accumulation.  In the earlier study (300 ppm CPFA) 

severe hemorrhaging and infection in the inoculating wing 

occurred first followed by rapid death.  Of interest was 

the dose-response observed in the present study.  At the 

lower dietary levels of CPFA the hemorrhaging occurred 4-6 

days later than observed in the 300 ppm CPFA/AMV study. 

Histological Effects: 

Examination of liver and spleen provided reliable 

assessment of the placement and morphology of the cells with- 

in these tissues.  The spleen of the chicken is a major 

organ for producing immune-type cells, therefore it is not 

unusual to see a large number of lymphocytes, phagocytes, 

myeloid type cells.  In Figure V heavy infiltration patterns 

of blast type cells were observed in the CPFA treated 

spleen.  The control (Figure V), on the other hand, showed 

an even distribution of lymphocytes, phagocytes, and blast 

cells.  The lighter blue-purple cells are normal phagocytes. 
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FIGURE V 

Photomicrographs of spleen from chick fed dietary 
cyclopropenoid fatty acids.  (A) control (B) 75 ppm 
CFPA (C) 150 ppm CPFA.  Arrows show mitotic figures 
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whereas, the dark-blue stained cells are the infiltrating 

myeloblasts.  The bunching of the phagocytes into clusters, 

in the CPFA treated spleens, due to heavy accumulation of 

myeloblasts may impair normal phagocytic function.  In add- 

ition, unusual mitotic activity was observed in the CPFA 

treated myeloblast of the spleen. 

Scarpelli (1974) has shown mitotic activity in liver 

cells isolated from CPFA fed rats was higher than untreated 

controls.  It has been suggested that the plasma membrane 

plays a role in regulating mitosis (Jensen, 1973). 

In addition, abnormal and heavy infiltration of blast 

cells was observed in CPFA/AMV, treated chick livers (Figure 

VI).  Hepatocytes are identified from blast/myeloblast cells 

by their pink-red color.  The heavy infiltration of myelo- 

blasts in the CPFA/AMV treated chicks caused crowding and 

aggregation of hepatocytes.  This suggests normal hepatocyte 

function could be impaired.  Normally, hepatocytes draw sub- 

strates out of the liver sinusoid and produce bile products 

that are released into the bile cannula.  As shown in Figure 

VI, the sinusoid areas are filled with myeloblasts.  In add- 

ition, the occurrence of mitotic figures were greater in the 

CPFA/AMV treated livers than in livers from chicks treated 

with AMV alone.  Furthermore, both liver and spleen from 

CPFA/AMV treated chicks showed a greater accumulation of 

fatty deposits.  These fatty deposits were identified as the 
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FIGURE VI 

Photomicrographs of liver from chicks fed dietary 
cyclopropenoid fatty acids.  (A) control (B) 75 ppm 
CPFA (C) 150 ppm CPFA.  Arrows show mitotic figures, 
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small to large empty vacuoles observed to be randomly 

distributed throughout the tissues.  The results obtained 

from tissue examination support the idea that CPFA induced 

an accumulation of myeloblasts. 

Myeloblast Phospholipids from Chicks Fed 0, 75, or 150 ppm 
Cyclopropenoid Fatty Acids: 

The phospholipid composition of myeloblasts is listed 

in Table XIII.  These data agreed with the results obtained 

from the 300 ppm CPFA/AMV study.  Choline phospholipids were 

influenced more by CPFA treatment than EP.  Cardiolipin in- 

creased in CPFA treated myeloblasts. 

Myeloblast and Virus Particle Cholesterol/Phospholipid Ratio: 

The cholesterol/phospholipid ratios revealed an 

accumulation of cholesterol in the virus particle and a 

decrease in the myeloblast (Table XIV).  These data agreed 

with those presented in the 300 ppm CPFA AMV study.  A dose- 

response was also observed.  For example, in virus particle 

as dietary CPFA increased, the levels of cholesterol increased, 

Effects of 75 or 150 ppm Cyclopropenoid Fatty Acids on the 
Acyl Composition of CP and EP: 

Myeloblasts.  As shown in Table XV the acyl groups of CP that 

were markedly decreased were 16:0, 16:1 n-9, 18:1 n-9, 

20:4 n-6 and 22:4 n-6.  Concurrently, an increase in 18:0, 



TABLE XIII 

Phospholipid Composition (Percentage P) of Avian Myeloblasts 
Isolated From Chicks Fed 

0, 75, and 150 PPM Dietary Cyclopropenoid Fatty Acids 

Control 75 ppm CPFA   150 ppm CPFA 

Choline phosphoglycerides 

Ethanolamine phosphoglycerides 

Serine phosphoglycerides 

Sphingomyeline + Inositol 
phosphoglycerides 

Phosphatidic acid 

Cardiolipih 

61.4 

42.1 

2.6 

11.59 

1.09 

2.50 

56.2 50.1 

38.0 39.7 

1.3 2.9 

10.6 9.11 

0.36 0.55 

3.0 2.75 

Values represent the pool from 4 chicks and the means of at least two separate 
experiments. 

en 
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TABLE XIV 

Cholesterol and Phospholipid Ratios in Avian 
Myeloblasts and Virus Particles from Chicks 

Fed 0, 75, or 150 PPM Dietary Cyclopropenoid Fatty Acids 

Dietary m,«i~ r^n^ Virus 
PDCA r-r,^™^ Whole Cells T,r,*+i ,--1^ CPFA  CPP111) Particles 

Control 2.5 95.6 

75 2.2 104.8 

150 1.2 127.3 

a 

a Values represent the pool from 4 chicks and the means of 
at least two separate experiments. 



TABLE XV 

Constituent Fatty Acids (Wt %)   of Choline and Ethanolamine 
Phosphoglycerides From Myeloblasts Isolated From Chicks Fed 

0, 75, and 150 PPM Dietary Cyclopropenoid Fatty Acids 

Acyl Group Choline Phosphoglyceride  Ethanolamine Phosphoglyceride 
Control    75     150       Control    75     150 

14: :0 
16: :0 
16: :1 n- 9 
18: :0 
18: :1 n- 9 
18: :2 n- 6 
18: 3 n- 3 
20: :3 n- 6 
20: :4 n- 6 
22: :4 n- ■6 

22: :5 n- 3 
22: :6 n- 3 

18: :0/lJ I'1 
UFA/SF/ 
U.] [. 

29.47 
1.42 

13.18 
21.33 
15 
0, 
1 

12 
2 

22 
24 
24 
21 
72 

0 
28 
0 

20 
13 
22 
0 
1 
7 
0 

10 
05 
81 
18 
61 
05 
34 
28 
55 
79 

0 
24 
0, 

18 
12 
26 
0, 
2 

10, 
1 

14 
64 
23 
63 
29 
74 
40 
10 
02 
30 

11.65 10.05 9.53 

0.62 
1.34 
119 

1.38 
1.11 
102 

1.56 
1.31 
121 

0.16 0.14 0.17 
29.63 31.66 32.99 
23.06 8.78 7.96 
9.02 15.07 17.37 
0.45 0.44 0.54 
0.55 1.45 1.30 

21.01 21.46 19.83 
7.59 4.22 3.81 
0.68 0.71 0.53 
0.55 1.33 0.67 

2.23 3.62 4.17 
1.42 1.40 1.56 
157 159 150 

Acyl group values represent the pool from 4 chicks and the means from at least 
two separate experiments. 

'Traces of 20:0, 20:1, 20:2, 22:1, 22:2, 22:3, 22:4 were also present. 

'UFA:SFA = ratio of the sum of unsaturated fatty acids to the sum of saturated 
fatty acids. 

U.I. = Unsaturation index, defined as £ (number of double bonds in each fatty 
acid) x (Wt % of each fatty acid). 

-~4 
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18:2 n-6, 18:3 n-3 and 20:3 n-6 were found.  Overall unsat- 

uration was not affected by CPFA treatment.  However, the 

18:0/18:1 ratio revealed a marked increase that was dose- 

dependent (Table XV) 

EP acyl group composition was similary influenced by 

CPFA.  An increase was found in 18:0 and 18:2 n-6, while 

16:0, 18:1 n-9 and 22:4 n-6 decreased.  The overall unsat- 

uration of EP slightly decreased.  This observation is in 

conflict with results obtained in the 300 ppm CPFA AMV 

study.  This was attributed to smaller increases in the sat- 

urated fatty acids and little or no change in the long chain 

PUFA.  The 18:0/18:1 ratio of EP revealed a 2-fold increase 

between the control and 150 ppm CPFA. 

Effects of 75 and 150 ppm Cyclopropenoid Fatty Acids on 
Avian ATPase Activity: 

Myeloblast, blood serum, and virus particle ATPase 

activity is shown in Table XVI.  The decrease in ATPase 

activity was found to be dose-dependent.  For example, 

ATPase activity decreased 2-fold in 150 ppm CPFA treated 

myeloblast and virus particles.  These data are similar to 

that observed in the 300 ppm CPFA AMV study. 



TABLE XVI 

ATPase Specific Activity in Myeloblasts, Blood Serumf  and 
Virus Particles Isolated From Chicks Fed 

0, 75, and 150 PPM Dietary Cyclopropenoid Fatty Acids 

Dietary 
CPFA (ppm) 

Micromoles Pi liberated/mg protein/min 
Plasma Virus 

Whole Cells       (blood serum)        Particles 

Control 

75 

150 

1.70 ± 0.19 

1.31 ± 0.14 

0.83 ± 0.13 

6.30 ± 0.57 

2.00 ± 0.43 

1.56 ± 0.44 

68.3 ± 5.30 

72.90 ± 4.00 

35.94 ± 3.10 

Values represent the pool from 4 chicks and the means of at least two separate 
experiments. 

to 
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Effects of Cyclopropenoid Fatty Acids on Reverse 
Transcriptase Activity 

Reverse transcriptase is a characteristic enzyme of AMV 

and its activity has been shown to correlate to the number 

of virus particles present in a volume of blood plasma. 

The effects of CPFA treatment on the number of virus par- 

ticles per ml blood plasma, in relation to reverse trans- 

criptase activity, is shown in Table XVII.  High dietary 

levels (300 ppm) of CPFA stimulated the synthesis and release 

of virus particles when compared to the controls.  In con- 

trast, 150 ppm CPFA appeared to retard the synthesis and 

release of virus particles which was reflected by a reduc- 

tion in reverse transcriptase activity.  At 150 ppm CPFA the 
9 

number of virus particles per ml was 0.95 x 10 . 
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TABLE XVII 

Determination of Virus Particle Titer by- 
Reverse Transcriptase Analysis 

Dietary Virus Particles/ 
CPFA (ppm) ml plasma 

Control 7.2 x 109 

75 7.7 x 1U9 

150 0.95 x 109 

300 10.0 x 109 

a Values represent the means of at least two separate 
experiments. 
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SUMMARY AND CONCLUSIONS 

In summary, the effects of cyclopropenoid fatty acids 

on the growth, food consumption, blood lipids, and viral 

infectivity of White Leghorn chickens were as follows: 

(1) The body weight gain of CPFA fed 
chicks was reduced as the level 
of dietary CPFA and days on diet 
increased. 

(2) Food intake was reduced in CPFA 
fed chicks. 

(3) Serum triacylglycerols and phos- 
pholipids were shown to increase 
in overall saturation and in their 
18:0/18:1 ratios.  The degree of 
change in phospholipid unsaturation 
was minimal due to an increase in 
the longer chained polyunsaturated 
fatty acids associated with these 
compounds. 

(4) Erythrocyte triacylglycerols and 
phospholipids increased in overall 
unsaturation and in their 18:0/18:1 
ratios.  A large change in phospho- 
lipid unsaturation was offset by an 
increase in the long chained poly- 
unsaturated fatty acids. 

(5) The body weight gain of CPFA/AMV 
treated chicks was reduced as the 
level of dietary CPFA and days on 
diet increased. 

(6) The reduction in food intake of CPFA 
AMV treated chicks was dependent on 
the level of dietary CPFA and days 
on diet. 

(7) The latent period between time of 
inoculation and the first signs of 
the hemorrhagic manifestations was 
dependent on dietary levels of CPFA. 



83 

(8) The type of hemorrhagic manifesta- 
tion first observed was dependent 
on dietary levels of CPFA. 

(9) Phospholipid composition decreased 
in CPFA treated myeloblasts, except 
cardiolipin which increased. 

(10) The cholesterol/phospholipid ratio 
increased in CPFA treated myeloblasts, 
myeloblast plasma membranes, and 
virus particle.  The degree of 
increase was dependent on dietary 
CPFA levels. 

(11) A dose-dependent alteration in mye- 
loblast acyl group composition was 
found.  The unsaturation and 18:0/18:1 
ratio of EP was affected by CPFA 
treatment more than CP.  This was 
attributed to a greater increase in 
saturated fatty acids and reduction in 
monoenes in EP than CP.  In both 
lipids the 18:0/18:1 ratio increased. 

(12) Myeloblast plasma membrane acyl group 
composition changed due to CPFA treat- 
ment.  This was revealed by a decrease 
in overall unsaturation and an increase 
in the 18:"0/18:1 ratios of CP and EP. 
The effect of CPFA treatment on EP was 
similar to that found in the myeloblast. 

(13) The alterations of avian myeloblastosis 
virus particles, induced by CPFAs, were 
unexpected.  The overall unsaturation 
increased and the 18:0/18:1 ratios 
decreased in both CP and EP. 

(14) CPFA treatment caused the specific 
activity of avian ATPase to decrease. 
The decrease was dependent on dietary 
levels of CPFA. 

(15) Electron microscopy of the 300 ppm CPFA 
treated myeloblast revealed a swollen 
nuclear membrane.  Virus particles 
showed a missing intermediate membrane 
and absence of the dense inner core. 
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(16) Histological examination by light 
microscopy revealed heavy infil- 
tration of myeloblasts in 75 ppm or 
150 ppm CPFA treated liver and 
spleen.  These cells appeared to 
crowd liver and spleen cells. 

(17) Reverse transcriptase analysis 
showed 300 ppm CPFA induced virus 
particle synthesis and release, 
while 150 ppm CPFA decreased 
virus particle synthesis and release 
relative to controls. 

In conclusion, it is suggested that the lipid changes 

induced by CPFA are capable of altering lipoprotein inter- 

actions, enzyme activity, membrane structure and function, 

and AMV infectivity.  It is therefore, possible that the 

promoting activity of CPFAs resides in their ability to alter 

the lipid composition of the cell and its plasma membrane. 

In turn, these phenotypic changes can accentuate the prolif- 

eration of oncogenic viruses or malignant tumor cells.  The 

precise mechanisms in which CPFA induce these lipid altera- 

tions and promote carcinogenesis are still unclear. 

This preliminary study forms a basis for more 

investigations to determine the role of plasma membrane and 

cellular lipid alterations, induced by CPFA, on tumor pro- 

motion and viral infection. 
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REVERSE TRANSCRIPTASE ASSAY 

The following solutions were freshly prepared: 

2X-NP40: 

0.1 ml NP-40 (Nonidet P-40, shell)  cone = 0.51 
0.4 gm DTT 0.13M 

19.9 ml water 
"ZDTD 

0.1M Glutathione: 

307.3 mg GSH (reduced glutathione)   cone = 0.1M 
10.0 ml 0.01M Tris, pH 8.3 

"TUTO  

TNED: 

1.00 ml 1M Tris, pH 8.0 cone = lOmM 
3.75 ml 4M NaCl 15mM 
0.25 ml 0.4M EDTA ImM 
0.77 ml 0.65M DTT 5mM 

94.23 ml water 
100.00 ml 

BM Buffer 

0.40 ml 1.0M Tris • Cl, pH 8.3 
0.06 ml 1.0M MgClz . 6H2O 
0.15 ml 4.0M NaCl 
0.37 ml 0.1M GSH 
0.02 ml water 

cone = 0.4M 
0. 0 6M 
0.6M 
0.037M 

1.00 ml 

10X-DTT: 

500 mg DTT cone = 0.65M 
5.0 ml water 
5.0 ml 

Nucleic acid hybrid: 

Oligo dGi2-i8 (Collaborative Research) in SOmM 
Tris pH 7.2 to a final concentration of 0.5 mg/ml 
Polycytidylic acid (Poly C) in SOmM Tris pH 7.2 
to a final concentration of 5 mg/ml.  The 
hybrid was prepared by warming the following solution 

to 750C and allowing it to cool very slowly. 

0.3 ml Oligo dGi2-18     dG:rC cone = 0.5 mg/ml 
0.07 ml Poly C 
0.63 ml SOmM Tris, pH 7.2 
1.00 ml 
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3H-dGTP: 

100 uC dGTP- H was evaporated to dryness under 
vacuum and reconstituted to 1.0 ml with 
distilled water. 
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Sample preparation/Enzyme assay: 

Blood plasma was clarified by centrifugation at 4000xg 
with a small amount of cellite for 15 minutes.  Three 50 
microliter (yl) aliquots were removed and lysed with 50 ul 
of 2X-NP40 overnight at 40C.  The next day, the assay was 
run as follows: 

BM buffer   0.01 ml 
dG:RC   0.01 ml 

3H-dGTP-14 c/mmol  ■  0.01 ml 
water   0.02 ml 

lysed virus   0.05 ml 
0.10 ml 

Assay mixture was incubated for 1 hour at 370C.  The 
reaction was stopped by the addition of 0.5 ml cold TCA 
and cooled on ice for 15 minutes.  Sample mixtures were 
then brought to room temperature, plated onto nitrocellu- 
lose filters and thoroughly rinsed with TCA.  Filters 
were dried for 2 minutes at 110oC and then placed into 
liquid scintillation counting vials for counting. 
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Figure VII.  Reverse Transcriptase standard curve 


