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Fig 4—~Graph showing the markedly decreased rate of growth of Jama as compared to
other laboratory-reared chimpanzees.

The characteristic cytogenetic abnormality of mongolism is accom-
panied by prominent anomalies of physical and mental development.
These include: oblique palpebral fissures with epicanthal folds; a short
broad neck; cardiac anomalies; muscle hypotonia and hyperflexibility
of the joints; dysplastic ears; short broad hands; dysplastic middle
phalanx of the fifth finger; and mental retardation. Syndactyly of the
toes is reported to occur with a frequency of 2 to 11%.

Summary

The clinical, behavioral, cytogenetic and pathologic features of this
case demonstrate its similarity to Down’s Syndrome of man. Although
it was not possible to maintain this animal to maturity for expanded
studies on this relatively common human disease, it is encouraging to
know that such a condition does occur in nonhuman primates. Its oc-
curence indicates that these animals may be used in investigations per-
taining to the etiology of this condition. Continued cytogenetic studies
in nonhuman primate populations may reveal additional cases of this
type, as well as other chromosomal anomalies.
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Congenital Hyperbilirubinemia

Human Disease: Crigler-Najjar Syndrome

Animal Model: Hereditary Nonhemolytic
Unconjugated Hyperbilirubinemia in
Gunn Rats ‘

Contributed by: Charles E. Cornelius, DVM, PhD, College of Veterinary Medicine,
University of Florida, Gainesville, Fla and Irwin M. Arias, MD, Albert Einstein Col-
lege of Medicine, New York, NY.

Human Disease

Crigler-Najjar syndrome’—a hereditary unconjugated hyperbilirubi-
nemia in infants which produces nonhemolytic acholuric jaundice, often
associated with kernicterus—results from a deficiency in hepatic uridine
diphosphate (UDP) glucuronyl transferase activity.

Animal Model

Hereditary nonhemolytic unconjugated hyperbilirubinemia in Gunn
rats results from the absence of hepatic UDP glucuronyl transferase
activity.?

Biologic Features of Gunn Rats

The mutant rats, first observed at the Connaught Laboratory in
Toronto in 1938, were jaundiced and represented an apparent spon-
taneous mutation occurring in a Wistar rat colony. Rats were charac-
terized as having acholuric jaundice. The defect is transmitted as an
autosomal recessive characteristic. Bilirubin in the serum gives an in-
direct van den Bergh reaction, even after ligation of the common bile duct.
No further studies on these animals were performed until 1957, and the
mutant rats would have been lost had not the late Professor William E.
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Castle kept a colony of Gunn rats for nearly 20 years while awaiting
the development of modern enzymology! Gunn rats have chronic non-
hemolytic unconjugated hvperbilirubinemia due to a defect in the con-
jugation of bilirubin with glucuronic acid. The activity of UDPGA-
dehydrogenase is comparable to that observed in normal rat liver.
Heterozygous Gunn rats appear normal, not jaundiced, and their livers
exhibit glucuronide formation in vivo and in vitro that is intermediate
between that observed in genetically normal and homozygous jaundiced
litter mates. The enzymatic defect in heterozygous rats apparently is
not severe enough to result in the retention of bilirubin in the plasma.

Studies using isolated perfused Gunn rat liver have shown that pro-
duction of early labeled pigment appears quantitatively similar to that
observed in normal rat liver after the administration of amino-levulinic
acid-"*C. Maximal rates for biliary excretion of injected sulfobromo-
phthalein (BSP) or conjugated bilirubin are similar in jaundiced and
normal] rats. Bile obtained from Gunn rats is nearly colorless, lacks bili-
rubin glucuronide and contains only trace amounts of unconjugated
bilirubin. The deficiency in glucuronyl transferase activity involves the
intestine and kidneys as well as the liver. Homozygous Gunn rats pro-
duce bile pigment at a normal rate, and quantities of unconjugated bili-
rubin in serum and tissue are relatively constant despite the liver's
inability to conjugate bilirubin. These observations suggest that pigment
is disposed of through other pathways in Gunn rats. The major portion
of bilirubin is catabolized to diazo-negative, polar bilirubin derivatives
excreted in bile and urine. A small amount of unconjugated bilirubin is
transferred across the mucosa into the intestine.

Comparison with Human Disease

In the Crigler-Najjar syndrome, jaundice is first noticed in infants on
about the third day and per51sts throughout life. Most patients die in
infancy from kernicterus.® The characteristic features of the syndrome
in infants are severe unconjugated hyperbilitubinemia, with serum bili-
rubin concentrations ranging from approximately 14 to 45 mg/100 ml.
There is no evidence of hemolysis, the early labeled pigment is normal,
the extraheptic biliary system is patent, light microscopic examination
reveals that the liver is normal and there is no measureable bilirubin in
urine.* Fecal urobilinogen excretion is less than normal; bile aspirated
from the gallbladder or duodenum is virtually colorless and does not
contain bilirubin glucuronide. Apparently, at greatly increased con-
centrations of plasma bilirubin, alternate pathways of pigment disposi-
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tion establish a steady-state between bilirubin formation and removal.
Glucuronyl transferase activity is absent. In man, the defect is trans-
mitted by a gene with autosomal recessive characteristics. Nonicteric
heterozygotes excrete glucuronide in vivo; this is intermediate be-
tween that observed in normal and jaundiced individuals in a family.
Recently, it was observed that two genotypic types of the syndrome
exist. The Crigler-Najjar syndrome corresponds to Type I UDP glu-
curonyl transferase deficiency; blood bilirubin levels can be dramatically
reduced by administering phenobalbltal or other drugs In Type II
UDP glucuronyl transferase deficiency, the disorder is transmitted as
an autosomal dominant characteristic and the bile contains small
amounts of bilirubin glucuronide.

Usefulness of This Model

The Gunn rat has served as an excellent model to study many prob-
lems relating to bilirubin metabolism, intestinal glucuronide formation
and brain damage (kernicterus) and has contributed much to the better
understanding of jaundice of all types in man.

Availability of Gunn Rats

Colonies of the Gunn strain of rats are maintained by Dr. Irwin M.
Arias, Albert Einstein College of Medicine of Yeshiva University, Col-
lege of Medicine, 1300 Morris Park Avenue, Bronx, NY 10461; Dr.
Donald Ostrow, The University of Pennsylvania, Philadelphia, Pa
19104; Dr. Gerold Lucey, College of Medicine, University of Vermont,
Burlington, Vt 05401; Dr. Rudi Schmid, Department of Medicine,
University of California Medical Center, San Francisco, Calif 94122
and Dr. Roger Lester, Boston Universitv School of Medicine, 80 East
Concord Street, Boston, Mass 05118.
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Systemic Lupus Erythematosus

Human Disease: Systemic Lupus
Erythematosus

Animal Model: Canine Systemic Lupus
Erythematosus

Contributed by: Robert M. Lewis, DVM, Tufts University School of Medicine, 136
Harrison Avenue, Boston, Mass.

Clinical Features

Canine systemic lupus erythematosus (SLE) is a multisystem disorder
characterized by the simultaneous or sequential development of hemolytic
anemia, thrombocytopenic purpura, proteinuria, dermatitis and symmetrical
polyarthritis. Young adult female dogs are most commonly affected. There
is no known breed disposition for the disease, nor have instigating factors
such as exposure to drugs, chemicals, sunlight or known infectious diseases
been evident in the history of affected animals.*?

The anemia is characterized by acute severe hemolytic crises accompanied
by a positive direct antiglobulin (Coombs) test. Eluates prepared from af-
fected red blood cells will sensitize normal canine erythrocytes to an indirect
antiglobulin test, thereby confirming that an autoantibody is responsible for
red cell destruction. Thrombocytopenic purpura often accompanies the
hemolytic crisis and is characterized by the sudden onset of petechiae and
ecchymoses in the skin and mucous membranes, hematuria, epistaxis and
melena. To date, autoantibodies to either platelets or megakaryocytes have
not been reported in affected animals. Consequently, it is probable that cir-
culating soluble immune complexes, in which neither the antibody nor the
antigen have a relationship to thrombocytes, are exerting a cytotoxic effect
on platelets which results in purpuric bleeding. Persistent loss of urinary
protein characterizes the nephritis present in this disease, and renal failure
is a frequent cause of death. Recurrent, progressive, symmetrical polyarth-
ritis of the peripheral joints imitates, in every respect, classic human rheuma-
toid arthritis.®*

The most important serologic abnormalities of this disease in dogs include
autoantibodies against nucleoprotein, DNA, RNA, DNA-histone complexes,
thyroglobulin, IgG and erythrocytes. The lupus erythematosus (LE) cell
test is highly specific for systemic lupus erythematosus in dogs and is fre-
quently accompanied by a positive fluorescent test for antinuclear anti-

bodies.?

© 1972 The American Association of Pathologists and Bacteriologists
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Fig 1—LE cell from a dog with
canine SLE.

Fig 2—Chronic membranous glomerulonephritis in canine SLE. Primary lesion in the glo-
merulus, with thickening of capillary walls and deposition of PAS-positive material in the
mesangium, Intratubular protein casts and periglomerular accumulations of plasma cells
accompany the glomerular changes.

Pathologic Features

Thymic lesions, characterized by the presence of lymphoid follicles with
well-developed germinal centers in the relatively acellular medullary portion
of the organ, are frequently found in affected animals. These follicles may
occur singly or appear as clusters, simulating the appearance of lymph
nodes within the lobules of the thymus. The renal lesion is characteristic
of chronic membranous glomerulonephritis, with thickening of glomerular
capillary basement membranes and focal accumulations of lymphocytes
and plasma cells around affected glomeruli. Not all glomeruli are affected
to the same degree, but diffuse glomerulosclerosis eventually leads to pro-
gressive renal failure. Joints affected with the rheumatoid lesion are charac-
terized by congestion and infiltration of the synovia by lymphocytes and
plasma cells, focal necrosis of collagen, desposition of compact fibrin, and
necrotizing vasculitis. Villous proliferation of the synovium and fibrovascu-
lar connective tissue into the joint space contributes to pannus formation
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Fig 3—Chronic membranous glomerulonephritis in canine SLE
with foci of acute glomerulitis and ‘“‘wire loop’ formation.

between opposing articular surfaces. Focal necrosis of articular cartilage
produces a pitted articular surface to which fibrin tags are adherent, and
subcondral bone resorption is associated with intraocceous fibrosis. In ad-
dition, fibrinoid lesions in small muscular arteries and acute focal necrotizing
vasculitis may be found in other tissues.

Comparison with Human Disease

Canine SLE mimics, in virtually every respect, the clinical, serologic
and pathologic features of the human disorder.” The familial instance of
the human disease or its serologic markers*® has led to a detailed genetic
analysis of inbred offspring derived from dogs affected with SLE.»* Data
collected from more than 400 animals produced in this breeding program
does not support the premise that canine SLE is solely due to an inheritable
defect. On the contrary, it would appear that the genetic markers for this
disease occur in response to the presence of a vertically transmitted viral
agent. Further, cell-free filtrates prepared from asymptomatic seropositive
dogs induce the formation of antinuclear antibodies when injected into
newborn normal mice. Some recipient mice develop lymphoid tumors after
the production of antinuclear antibodies; cell free filtrates from these mu-
rine lymphomas will, in turn, induce the formation of antinuclear antibody
and positive LE cell tests in recipient newborn puppies.**

Availability

Canine SLE occurs in approximately 1 of every 5000 admissions to a
veterinary hospital. A colony of dogs derived from affected animals has been
established by Dr. Robert M. Lewis and members of this colony are avail-
able for study.



27d

Fig 4—Synovial membrane from a dog with canine SLE and symmetrical (rheumatoid)
polyarthritis. Proliferation of synovial cells, perivascular aggregates of lymphocytes and
plasma cells, and deposition of compact fibrin on the articular surface are consistent fea- .
tures of the lesion.
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Cardiomyopathy

Human Disease: Myocardial Failure

Animal Model: Cardiomyopathy in Syrian.
Hamster

Contributed by: Edward W. Gertz, MD, Harvard Medical School, Peter Bent Brig-
ham Hospital and Bio-Research Institute, Boston, Mass.

Biologic Features

In 1962 members of the staff of Bio-Research Institute (Cambridge,
Mass.) described the first strain (BIO 1.5) of cardiomyopathic Syrian
hamster.! When the disease was discovered, the line was in its twenty-
second generation of brother-sister inbreeding. The cardiomyopathy
was found to be hereditary and transmitted by an autosomal recessive
gene.” The disease involves both skeletal and cardiac muscle, but in the
present report only cardiac disease will be discussed.

With succeeding generations, the BIO 1.5 strain was lost. Before this
occurred, diseased homozygous animals were crossed with nonrelated
hamsters. After muscle biopsy, affected animals in the F. generation
were selected and the BIO 14.6 line began.

The BIO 14.6 line is now the oldest cardiomyopathic hamster line in
existence. Two additional lines (BIO 40.54 and 82.62) have been ob-
tained from this line by outbreeding experiments similar to that de-
scribed above. The major differences between the strains are the variable
severity and different rate of progression of the disease. The BIO 14.6
animals live approximately 1 year, 40.54 animals approximately 190 days
and 82.62 animals have an intermediate life-span. BIO 14.6 animals
have been the most extensively studied and will be described in the
greatest detail.

Myocardial lesions occur in all animals in both sexes. They appear
between 25 to 30 days of life in females and 10 days later in males.*
Acute lesions are widespread and occur with equal frequency in both
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Printed in the U.S.A.



28b

Fig 1—Section of heart of affected hamster. Myolytic lesion in the center of field.
Necratic lesions with cellufar infiltration also occur.

sexes by 60 days. Two types of lesions are found (Figure 1)—acute
myolysis with primary dissolution of myofilaments in the absence of
significant cellular infiltration, and necrosis with significant round and
inflammatory cell infiltrates. The latter is more common in strains with
the shortest life-span (unpublished data). These lesions occur without
vascular or valvular lesions.*

Healing of most of the acute lesions is complete by 100 days and new
lesions are rarely observed in older animals, except in the BIO 40.54
line.

After healing, progression of the disease varies in the three lines, as
stated above. Autopsy findings depend largely on the duration and ex-
tent of the congestive failure, with 90% of the animals succumbing with
failure. Pathologic alterations are not usually found in early stages of
cardiac involvement. In late stages, subcutaneous edema, ascites, hydro-
thorax and hydropericardium (Figure 2) are present. Liver, spleen,
lungs, kidney and other visceral organs show congestive changes
(Figure 3).
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Thalidomide Syndrome

Human Disease: Thalidomide syndrome: reduction de-
formities of the extremities with associated defects of
the mandible, ears and internal organs.

Animal Model: Thalidomide syndrome in simian
primates.

Reprinted from:
COMPARATIVE PATHOLOGY BULLETIN
5:1, February 1973

Contributed by James G. Wilson, Ph.D., Children’s
Hospital Research Foundation and Departments of Pedi-
atrics and Anatomy, University of Cincinnati Medical

School, Cincinnati, Ohio 45229

Biological features: Seven simian species have displayed the
thalidomide syndrome (Table) with a striking resemblance to
the syndrome in man (6). Reduction defects of the limbs have
ranged from ectrodactyly of one digit to total amelia, although
the reduction tendency on occasion has appeared to be re-
ersed in the form of polydactyly and triphalangism of first
digits in the lower limbs (Figure). Limbs of the two sides are
often equally affected but, if there is asymmetry, the left limb
shows a greater degree of abnormality. The upper limbs are
more frequently severely affected than the lower, in a ration of
about three or four to one, although in the bonnet monkey,
Macaca radiata, only upper limb defects have been observed
(4). A strong predilection toward greater abnormality on the
preaxial aspect of affected limbs, i.e., thumb and radius in the
upper and great toe and tibia in the lower, has usually been ob-
served; but when only one distal long bone remains, it is often
difficult to identify the misshapen remnant.

The susceptible period to thalidomide teratogenesis in man
extends from days 21 to 36 postconception (6). Considering
difficulties in timing conception, there is remarkably close
agreement among the higher primates as regards the de-
velopmental stages when the respective embryos are suscep-
tible. In the rhesus monkey the susceptible period has been
shown to extend from days 22 through 30 of gestation (10)
and the data in the Table indicate a similar period for other
species. Treatment after the susceptible period, days 30 1o 35
depending on the species, has usually been found to be in-
effective (Table). The susceptible period of the human em-
bryo has been subdivided into shorter periods thought to be
specific for particular organs or regions (6), e.g., intake of
thalidomide by women between the 25th and 30th days of
gestation was said to produce abnormality of the upper ex-
tremities. It has not been possible to demonstrate a precise re-
lationship between time of treatment of pregnant monkeys and
the type of abnormality, although the rhesus monkey has
"hown some segregation of the syndrome with respect to time.

regnant females treated with moderate single doses of thalido-

Newborn rhesus monkey from a female that received 19 mgkg thalido-
mide on day 27 postconception. Reduction deformities are evident in all
four limbs and the tail. The upper limbs are phocomelic with varying de-
grees of ectrodactyly. The lower limbs contain various abnormalities of
the long bones but are most unusual in that collectively they possess 11
triphalangic digits (see reference 10 for x-ray and further details).
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mide between days 22 and 26 tended to produce offspring
with upper limb and facial (ear and mandible) defects and
treatment on days 28 to 30 to produce hindlimb and tail de-
fects (11).

It has been reported (2) that organs other than those of the
musculoskeletal system are affected in the rhesus monkey, the
heart, major blood vessels, brain, eyes, kidneys and uterus ac-
counting for most of the visceral malformations. Among 50
malformed animals, 23 had only musculoskeletal defects,
seven had only visceral defects and 20 had both. There was
some correspondence between the number and severity of
musculoskeletal defects and the degree of visceral abnormality,
but a few exceptions were noted in that five animals with ex-
tensive musculoskeletal defects showed no visceral abnormality
and three with major visceral malformations showed no
musculoskeletal defects. Observations on visceral anomalies af-
ter thalidomide in man are limited (5, 6) but it is probable that
the syndromes caused by this drug in man and other primates
are as similar for visceral as for musculoskeletal defects.

Attempts to produce the thalidomide syndrome in the pro-
simian Galago crassicaudatus (greater bushbaby) were unsuc-
cesstul (12).

Comparison with human disease: The striking similarity in
the composition of the syndrome, in the susceptible period, and
in the range of effective dosage strongly suggests that thalido-
mide acts by the same teratogenic pathways in all higher pri-
mates. This may not be true for rabbits, mice, and rats in which
the defects differ appreciably from those in primates and the ef-
fective dosage of drug is significantly larger.

Usefulness of this model: The model establishes that simian
primates react more like man to some teratogenic drugs than
do other laboratory animals; but this is not proven for drugs in
general or for other types of teratogenic agents. The fact that

the rabbit was the first laboratory animal in which thalidomide

embryopathy was demonstrated has led to the erroneous
assumption that this animal is particularly reliable as a subject
for evaluation of human teratic risks. No single species has
been shown to be entirely reliable but present evidence indi-

cates that simian primates react more like man to more terato-
genic agents than do other laboratory animals.

Availability: Several species of higher primates are now
available from commercial dealers.
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TABLE
Experimental Demonstration of the Thalidomide Syndrome in Simian Primates
___Treatment
Commeon Scientific dose gestational No. and Conditions
name name ma/ka/d age (ds.) of Oftspring Reference
Baboon Papio, sp. 5 18-36 (var.) 2 typical syndrome @ Dosage, gestational age and condition of off-
3040 ﬁ ﬁg?;;r resorb. spring in seven simian primates.
Cynomologus Macaca irus 10 22-32 4 typical syndrome (1)
2 aborted
© 50-60 1 normal
Rhesus Macaca mufafta - 8-50 (var.) 22-30 (var.) © typical syndrome (1)
n 5 normal
17-100 (var.) 32 ) 3 normal
Bonnet Macaca radiata 10 24-29 7 typical upper limb 3)
26 or 28 .2 normal
Japanese Macaca fuscata 20 24-26 2 typical syndrome ®)
Stump-tail Macaca arctoldes 5 24-30 (var.) 3 typical syndrome 9)
10 25-27 2 typical syndrome
1 aborted
2330 3 aborted .
: SR . . var, indicates that the dosage or the time of
Manmoset " Callithrix jacchus 75 25-35 (alt) 10 typical syndrome n treatment varied within the range indicated. )
. 1 aborted alt. indicates thal treatment was given on
35745 10 nomal

alternate days.
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Alcoholic Fatty Liver

Human Disease: Fatty liver of the alcoholic: The des-
ignation “nutritional” fatty liver has been used synony-
mously with fatty liver due to alcohol excess; but this term
should be abandoned since it has been shown in volunteers

Animal Model: Alcoholic fatty liver in rats: With conven-
tional feeding techniques (incorporation of ethanol in drink-
ing water), rats refuse to take sufficient amounts of ethanol
to develop steatosis, unless the diet is also deficient in lipo-
tropic factors (3). This difficulty can be overcome by in-
corporating the ethanol in a totally liquid diet containing
normal amounts of nutrients, with 18% of total calories as
protein, 35% as fat and 47% as carbohydrates in the con-
trol diet, and 11% carbohydrate in the diet containing
36% of total calories as ethanol (table). The original diet
(1) comprised amino acids and sucrose, whereas our new
formula consists of casein (supplemented with methionine
and cystine) and dextrin-maltose (4). Rat littermates

Reprinted from:
COMPARATIVE PATHOLOGY BULLETIN
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that alcohol can produce a fatty liver despite otherwise ade-
quate diets (1), or even in association with high protein,
mineral and vitamin supplemented diets (2).

weighing 120-150 g (Sprague-Dawley strain purchased
from Charles River Breeding Laboratories, Inc., Wilming-
ton, Mass.) are pair-fed the isocaloric diets once-or twice
daily in Richter graduated drinking tubes. Ethanol is in-
troduced in the diet gradually: 3% the first two days, 4%
the subsequent two days and the final 5% on the fifth day.
The ethanol-fed animal is usually rate limiting and deter-
mines the amount of liquid diet given to the control. Ac-
tually, when the liquid diet is fed ad libitum to the control
animals, the food intake is excessive and obesity develops.
Conceivably, this could serve as a model for the study of
obesity in the rat.

Contributed by Charles S. Lieber, M.D. and L. M. DeCarli,
B.A., Department of Medicine, Mt. Sinai School of
Medicine of the City University of New York and the Sec-
tion of Liver Disease and Nutrition, VA Hospital, Bronx,

New York, 10468.

Pathological, Biological and Biochemical Features: Con-
sumption of the liquid diet is sufficient to assure continued
growth in all animals and normal livers in the controls,
whereas in the rats fed ethanol, fatty liver develops, which is
evident both morphologically (figure 1) and on chemical
analysis. Hepatic triglycerides increase progressively with an
average 6-fold rise after one month, associated with a 5-fold
increase of hepatic cholesterol ester and a small but significant
rise in phospholipids.

After four to five weeks, the degree of steatosis reaches a
plateau and persists for at least 22 weeks (5). The major source
for the fatty acids accumulating in this experimental model is
dietary fat (6), most likely because ethanol blocks lipid
oxidation in the liver (7). A reduction in the fat content of the
liquid formula'to 25% of total calories does indeed reduce the
degree of steatosis (5). Below that level, no further significant
gains are achieved, however, and even with a diet practically

evoid of fat, ethanol produces.a significant increase in_hepatic
riglycerides which comprise endogenously $ynthesized fatty

COMPOSITION OF CONTROL LIQUID DIET (per Liter)

Distillod Water

* Conains {in mg} Thiamine 0.725, Riboflavin 1.25, Pyndoxine Hyarocnioride 0.725, Calcium
Panthothenate 5.0, Nicotinamide 3.75, Choline Chloride 250.0, Biotin 0.025, Folic Acid 0.25,
Inositol 25.0, 2 Methyl-1.4 Naphthoquinone 0.25, Vitamin B8'2 0.025, p-Amino benzoic Acid 12.5,
and Glucose 4700.50.

** Purchased from Nutritional Biochemicals Corporation, Cleveland, Ohio.

*** Replaced by 24.9 g dextrin-maltose and 50.0 g ethanol in the ethanol formula. The dextrin-
maltose was generously supplied (as Dextri-Maltase*) by Mead-Johnson, Evansville, Indiana.
***+ Purchased as Viscarin TP-4 from Marine Colloids, Inc., Springtield, New Jersey.
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acids, probably made in the liver itself (6). A reduction in the
protein and lipotrope content of the diet increases the fat ac-
cumulation (7).

Comparison with Human Disease: The degree of steatosis ob-
served in the animal is comparable to that seen in volunteers
after a similar moderate ethanol intake (1.2). Associated
ultrastructural changes (giant distorted mitochondria,
proliferation of the smooth endoplasmic reticulum) are similar
in both species (2,7). Both in man and in rats, the proliferation
of the smooth endoplasmic reticulum is accompanied by in-
creased activities of microsomal ethanol and drug detoxifying
enzymes and enhanced rates of ethanol and drug metabolism
(7). The human fatty liver is often associated with mild
hyperlipemia (1). In our rats with an alcoholic fatty liver, ad-
ministration of ethanol with a fat-containing diet also results in
hyperlipemia due, at least in part, to enhanced lipoprotein
production (8).

over 24 days with is
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