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Effects of Feeding Cuphea Oil to Three Generations of CBA/2 
and C57Bll6 Mice 
S. Hendrich a,*, C.-K. Lii a, R. Myers b and J. Dupont c 
aDepartment of Food Science and Human Nutrition, bDepartment of Veterinary Pathology, Iowa State University, Ames, Iowa 50011 
and CUSDA, ARS, Beitsville, Maryland 20705-3132 

Three generations of CBA/2 and C57Bl/6 mice were reared 
on semipurified diets containing either 17.2% beef tallow 
and 3.5% corn oil or 8.6% beef tallow, 8.6% crude Cuphea 
oil and 3.5% corn oil. The Cuphea oil contained 76% 
decanoic acid; therefore, health effects of long-term feeding 
of moderate amounts of medium-chain triacylglycerols 
were evaluated. The reproductive performance of both 
strains of mice varied little with diet but, compared with 
the F1 generation, survival of F2 and F3 pups was dimin- 
ished. At several time points during 13 wk, Cuphea feeding 
suppressed body weights and food intakes of males of three 
generations of both strains. But during long-term feeding 
of males (5-12 mon), Cuphea did not suppress body weight 
or food intake. Mice of both strains developed fa t ty  livers. 
Mice of the CBA/2 strain had hepatic nodular hyperplasia. 
Cuphea oil feeding caused no specific pathological changes. 
Although medium-chain triacylglyeerols have been re- 
ported to be hypocholesterolemic, the substitution of 
Cuphea for half of the dietary beef tallow did not suppress 
serum cholesterol concentrations in males aged 4-13 mon. 
The effects of long-term substitution of medium-chain 
triaeylglycerols for beef tallow do not differ from feeding 
the beef tallow diet. Long-term and multigenerational 
feeding of crude Cuphea oil does not cause any specific 
toxic effect in mice. 

KEY WORDS: Cholesterol, Cuphea, medium-chain triacylglycerols, 
mice, toxicity. 

Cuphea viscosissima is a weed native to temperate climates. 
If hybridization studies prove successful, Cuphea could 
supply significant quantities of edible oil. Cuphea varieties 
have promise as oilseed crops because Cuphea triacylgly- 
cerols are composed largely of decanoic acid (1). Therefore, 
Cuphea species may be important oilseed alternatives to 
coconut oil for use in the human food supply and for the 
production of medium~hain triacylglycerols (MCTs) as nutri- 
tional therapeutics (2). Medium-chain triacylglycerols sup- 
press body fat deposition and weight gain (3,4) and reduce 
plasma cholesterol (5,6). The long-term, multigenerational 
effects of feeding diets containing relatively large amounts 
of MCTs have not been studied. This s tudy was designed 
to assess the effects on three generations of mice of sub- 
stituting crude Cuphea oil for half of the beef tallow in their 
diet. C57B1/6 and CBA]2 mice that  are relatively hyper- 
and hypocholesterolemi~ respectively (7), were chosen to 
assess Cuphea's effect on cholesterol statu~ CBA/2 mice are 
among the inbred strains of mice that  have a great incidence 
of hepatomas (8). The use of this strain permitted anal- 
ysis of the effects of dietary fat composition on spontane ~ 
ous tumorigenesis. Long-term health and histopathology 
were evaluated to determine the toxicity of Cuphea oil 
feeding. 

*To whom correspondence should be addressed. 

EXPERIMENTAL PROCEDURES 

Crude Cuphea oil was obtained from the National Center 
for Agricultural Utilization Research (Peoria, IL). The 
crude oil was pressed by French Oil Mill Machine Co. (Pi- 
qua, OH). Cuphea oil f a t ty  acid composition was deter- 
mined by K.D. Carlson, (USDA, Peoria, IL), according to 
methods described by Morrison and Smith (9) for the 
preparation of fa t ty  acid methyl  esters. The gas chroma- 
tography (GC) system was a Hewlett-Packard 5890 gas 
chromatograph (Avondale, PA) equipped with a 15 m × 
0.24 mm (i.d.) DB1 column. During fa t ty  acid chromatog- 
raphy, column temperature  increased 5/rain from 150 to 
250 ° C. Helium was the carrier gas. Cuphea oil contained 
predominately decanoic acid. Cuphea oil f a t ty  acid com- 
position was 4.8% octanoate, 75.9% decanoate, 2.5% dode- 
canoate, 2.2% myristate,  3.4% palmitate, 0.7% stearate, 
3.3% oleate and 5.5% linoleate. 

CBA/2 and C57B1/6 mice of breeding age (8-10-wk-old) 
were obtained from SASCO (Omaha, NE). Two females 
and one male were housed together  and fed the experi- 
mental  diets. Cuphea oil was subst i tu ted for half of the 
beef tallow in the basal diet (Table 1). Beef tallow was com- 
posed of 4.7% myristate, 32.4% palmitate, 7.9% palmitole- 
ate, 12.9% stearate, 39.2% oleate and 1.1% linoleate, as 
determined by GC (9). Diet ingredients were supplied by 
Teklad Test Diets (Madison, WI}. Diets were prepared 
monthly  and stored at 4°C. After  observation of the 
presence of vaginal plugs or rapidly increasing body 
weights, pregnant  females were housed individually. Off- 
spring were weaned at four weeks of age, and then hous- 
ed together  until  sexual maturation,  when they were 
housed in groups of two females and one male Within each 
diet group, females were mated with males from different 

TABLE 1 

Experimental Diets a 
Basal diet Cuphea oil diet 

Ingredient (g/kg) (g/kg) 
Beef tallow 172 86 
Corn oil 35 35 
Cuphea oil -- 86 
Casein 192 192 
dl-Methionine 3 3 
Cornstarch 214 214 
Sucrose 236 236 
Dextrin 45 45 
Cellulose 37 37 
Vitamins (AIN76) 10 10 
Minerals (AIN76) 53 53 
Choline 2 2 
Cholesterol 1 1 
aAscorbate was added at 0.1 g/kg as an antioxidant. All ingredients, 
with the exceptions of Cuphea oil and corn oil (ISU Food Stores, 
Ames, IA) were obtained from Teklad Test Diets {Madison, WI). 
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litters. Three generat ions of mice of each strain were fed 
each diet. Males of each generation were housed individ- 
ually and fed for 13 wk. Food intakes and body weights  
were measured weekly. These mice were housed in a reverse 
l ight/dark cycle. Some males of each generation were fed 
for 5-12 mon, and body weights and food intakes were 
determined. Because Cuphea oil was in short  supply, the 
F1 generation of the C57B1/6 strain was fed for 10 mon, 
the F2 generation was fed for 8 mon  and the F3 genera- 
t ion was fed for 5 mon; whereas, in the CBA/2 strain, the 
F1 generation was fed for 11-12 mon, the F2 generation 
was fed for 9-11 mon and the F3 generat ion was fed for 
6-8 mon. 

Total serum cholesterol was determined in 10 t~L of 
se rum by using a cholesterol assay ki t  and cholesterol 
calibrators (Sigma Chemical Co., St. Louis, MO). Serum 
cholesterol was determined colorimetrically at an absorb- 
ance of 500 nm on a Gilford UV]visible spectrophotometer  
(Oberlin, OH} (10). 

Body weights, food intakes, liver weights (13-wk feeding 
s tudy  only) and total  serum cholesterol were analyzed by 
analyses of variance on the Stat is t ical  Analysis  System, 
ISU Computa t ion  Center. The num ber  of pups  born and 
surviving to weaning was analyzed by Chi-square tes ts  
(P < 0.05). Groups of Cuphea- and basal-fed mice were 
compared within each strain and generation. The overall 
effect of s train and generation was also assessed. For the 
purpose  of calculating the Chi-square statistic, the ex- 
pected numbers  of pups  born and surviving to weaning 
in F1 and F2 mice were propor t ionate  to the pups born 
and surviving to weaning in the basal-fed FO generation 
of each strain. 

Mice were necropsied by a s tandard procedure (11), and 
gross lesions were noted. After fixation in buffered neutral 
formalin, specimens for microscopy were routinely pro- 
cessed, sectioned at  5 ~m and stained with hematoxyl in  
and eosin. The following tissues were evaluated micro- 
scopically: all gross lesions, two sections of liver (one each 

of the median and left lobes), cross section of right kidney, 
and a mid-sagi t ta l  section of left kidney, spleen, lung, 
heart  and one testis. 

RESULTS 

Cuphea feeding did not  affect  reproduction, with the ex- 
ception tha t  CBA/2 F1 mice produced significantly fewer 
offspring than  the expected 6.5 pups/ l i t ter  produced by 
females fed the basal  diet (Chi-square analysis, P < 0.05) 
(Table 2). The fewer numbers  of breeding females in the 
F2 generat ions reflect the limited availabil i ty of Cuphea 
oil. C57B1/6 mice produced significantly more offspring 
per litter than  CBA/2 mice (Chi-square, P < 0.01). Nurtur- 
ing of young was significantly impaired in the second and 
third generat ions (Chi-square, P < 0.01), especially in 
CBA/2 mice (Table 2). 

No consistent variations were observed in body weights, 
liver weights  or food intakes, a l though where significant 
differences were seen between the diets, Cuphea-fed mice 
had l ighter body weights and reduced food intakes. 

The following significant differences were noted. In mice 
fed for 13 wk, Cuphea-fed F1 C57B1/6 mice had 10% lower 
body weights after 8 and 13 wk (Table 3), and food intakes 
were 18% less in Cuphea-fed mice after  8 wk (Table 4). In  
F2 C57B1/6 mice, body weights were 20% less in Cuphea- 
fed mice at  four weeks of age. In F3 C57B1/6 mice, body 
weights were 16% less in Cuphea-fed mice a t  13 wk of age, 
and liver weights were diminished by 15% {data not 
shown). 

In F1 CBA/2 mice, body weights were less in Cuphea- 
fed mice a t  13 wk of age, as were food intakes at 8 and 
13 wk. Body weights and food intakes were less at eight 
weeks in F2 CBA/2 mice. 

In CBA/2 mice fed for 5-12 mon, there were no signifi- 
cant  diet-related differences in body weights  at any t ime 
(Table 5). Body weights of C57B1/6 mice were less in 
Cuphea groups only after  13 wk (F1) and 4 wk (F2). A 

TABLE 2 

Reproductive Performance of Three Generations of Two Strains of Mice 

Pups born/ Pups at weaning/ 
Generation Diet Pregnant (%) female pups born (%) 

Strain: CBA/2 
F0 Basal 19 (95) 5.9 42 a 

Cuphea 17 (85) 5.3 51 
F1 Basal 18 (90) 6.5 18 

Cuphea 23 (88) 5.3 b 14 
F2 Basal 22 {100) 5.4 15 

Cuphea 8 (100) 6.1 12 

Strain: C57B1/6 
F0 Basal 14 (88) 7.5 c 50 a 

Cuphea 12 (86) 7.8 60 
F1 Basal 19 (I00) 8.6 28 

Cuphea 17 (100) 8.2 24 
F2 Basal 19 (95) 8.0 28 

Cuphea 14 (93) 7.3 28 

aThe survival of pups to weaning was significantly affected by generation, Chi-square, 
P < 0.01. 
bThe number of pups born per mother was significantly affected by diet only in F1 CBA/2 
mice, Chi-square, P < 0.05. 
CThe number of pups born per mother was significantly affected by strain, Chi-square, 
P < 0.01. 
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T A B L E  3 

Mean Body Weights of Three Generations of Two Strains of Mice Fed for Thirteen Weeks a 

Body wt b 

Strain Generation Diet n (4 wk) (8 wk) (13 wk) 

C57B1/6 

CBA/2 

1 Basal 15 15.8 ± 2.2 26.4 ± 3.3 c 34.3 ± 4.3 c 
1 Cuphea 16 16.1 ± 2.0 23.5 ± 2.8 d 30.6 ± 2.9 d 

2 Basal 17 15.6 ± 2.3 c 23.8 ± 2.3 28.6 ± 3.7 
2 Cuphea 16 12.5 ± 1.3 d 23.2 ± 1.5 28.6 ± 2.6 

3 Basal 17 11.6 ± 2.5 23.2 ± 2.9 31.6 ± 5.0 c 
3 Cuphea 13 11.8 ± 3.2 21.5 _ 2.4 26.7 ± 3.8 d 

1 Basal 25 14.2 _ 2.7 27.4 ± 2.4 33.1 ± 2.9 c 
1 Cuphea 29 15.1 ± 2.6 26.0 ± 3.2 31.1 ± 3.8 d 

2 Basal 13 14.3 ± 2.7 25.2 _ 2.0 c 30.9 ± 3.4 
2 Cuphea 11 13.6 ± 2.6 22.7 ± 1.9 d 28.3 ± 3.1 

3 Basal 11 15.1 __ 2.9 25.8 ± 2.0 32.0 ± 3.2 
3 Cuphea 5 12.8 ± 2.3 22.9 ± 3.9 29.2 ± 5.3 

aAll data are expressed as means -- SD. Pairs of basal- and Cuphea-fed groups that were 
significantly different are marked by different superscript letters, P < 0.05, Student's 
t-test. 
bin grams. 

few diet-related differences in food in takes  were noted, bu t  
these  di f ferences  d id  n o t  cor re la te  w i t h  b o d y  w e i g h t  dif- 
ferences (Table 6). 

S e r u m  choles tero l  was  s ign i f i can t ly  g rea t e r  a f te r  th ree  
m o n t h s  in C57B1/6 m i c e t h a n  in CBA/2  mice  (227 __ 40 
vs. 181 +_ 23 mg/dL, respectively), and also after  5-12 mon  
(329 _+ 87 vs. 217 +- 37 mg/dL,  respect ively) .  B u t  there  
were no s ign i f ican t  differences in choles terol  levels due to 
diet, genera t ion  or l eng th  of feeding (data no t  shown), and 
the re  were no s ign i f i can t  i n t e rac t ions  a m o n g  these  vari-  
ables (ANOVA, P < 0.05). 

L ivers  of m o s t  mice  had  excess ive  l ipid a c c u m u l a t i o n  
( fa t ty  change) (Table 7}. The  f a t t y  vacuoles  va r i ed  some- 
w h a t  in size and  n u m b e r  be tween  strains,  b u t  var ied  more  
in d i s t r i b u t i o n  w i t h i n  t he  hepa t i c  lobule. CBA/2  mice  
t ended  to  a c c u m u l a t e  fa t  as large  vacuoles  in pe r ipo r t a l  
hepatocytes ,  w i th  smal le r  vacuoles  in cen t r i lobu la r  hepa- 
tocytes .  C57B1/6 mice  t ended  to  have  a more  d i f fuse  

f a t t y  change,  w i t h  large  vacuo les  in cen t r i lobu la r  areas. 
The re  were no  v is ib le  di f ferences  w i th in  mice  of t he  same  
s t r a in  and  gene ra t i on  in t h e  a m o u n t  of l ipid in l ivers  of 
mice  fed the  basa l  d ie t  vs. t hose  fed the  Cuphea oil diet.  
CBA/2 mice often had hepat ic  nodules ( termed hepa tomas  
by some  c lass i f ica t ion  schemes),  b u t  these  occur red  w i t h  
s imi la r  f r equency  in mice  fed e i the r  diet.  T h e y  were more  
c o m m o n  in older  mice  t h a n  in younge r  mice. 

In  kidneys,  p rox ima l  cor t i ca l  tubu les  of all mice  con- 
t a ined  fa t  vacuo les  (Table 7). There  were no a p p a r e n t  dif- 
ferences in t he  a m o u n t  of fat. N u m e r o u s  mice  had  lym- 
phocy te  agg rega t e s  and/or ac t ive  pu ru l en t  pyel i t is  or pye- 
lonephr i t i s .  The re  were no a p p a r e n t  differences in les ions  
be tw een  g roups  of  CBA/2  mice  on t h e  d i f fe ren t  diets .  In  
C57B1/6 mice, t hose  on the  Cuphea die t s  t e n d e d  toward  
s l i gh t ly  h igher  scores. 

P repu t i a l  g l and  lesions,  i nc lud ing  abscesses  and cysts ,  
occurred  occas ional ly  in mice  on b o t h  diets,  b u t  in CBA/2 

T A B L E  4 

Food Intakes of Three Generations of Two Strains of Mice Fed for Three Months.  a 

Food intake b 

Strain Generation Diet n (8 wk) (13 wk) 

C57B1/6 

CBA/2 

1 Basal 15 94 __ 15 c 112 ± 7 
1 Cuphea 16 77 ± 12 d 104 ___ 12 

2 Basal 17 74 + 10 108 ± 12 
2 Cuphea 16 79 ± 6 113 ± 8 

3 Basal 17 71 ± 7 106 ± 12 
3 Cuphea 13 74 ± 7 98 ± 12 

1 Basal 25 100 ± 16 c 128 ± 27 c 
1 Cuphea 29 83 ± 9d 112 + 12 d 

2 Basal 13 102 ± 16 c 128 ± 12 
2 Cuphea 11 84 ± 11 d 118 ± 9 

3 Basal 11 80 ± 16 119 ± 11 
3 Cuphea 5 79 ± 7 110 ± 10 

aAll data are expressed as means±SD.  Pairs ofbasal-andCuphea-fedgroups that were 
significantly different (P< 0.05, Student's t-test) are marked by different superscript 
letters. 
bin total grams. 
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TABLE 5 

Body Weights  of Three Generations of Two Strains of Mice Fed for 5-12 Mon a 

Strain 

C57B1/6 

CBA/2 

Body wt 

Generation Diet n (4 wk) (13 wk) (26 wk) (39 wk) (45 wk) 

1 Basal 7 16 ± 3 35 ± 46 45__ 4 51 __ 4 
1 Cuphea 5 16 __ 2 29 ± 2 b 41 ___ 5 46 _ 6 

2 Basal 5 16 ± 2 b 28 ± 4 42 ± 4 42 ± 4 c 
2 Cuphea 6 13 ± 2 b 26 ... 2 39 ± 6 44 ± 5 c 

3 Basal 4 13 ± 1 32 ... 5 40 ± 2 d 
3 Cuphea 4 12 ... 4 29 ± 5 37 ... 8 d 

1 Basal 5 14 ± 2 34__ 1 43 ± 2 47 ± 2 48 ± 3 
1 Cuphea 5 15 ± 3 33 ± 5 38 ± 7 44 ± 6 43 ± 4 

2 BaSal 5 15 ± 2 31 +- 2 38 ± 3 45 ± 3 
2 Cuphea 5 15 ± 4 29 ± 4 38 ... 5 46 ± 2 

3 Basal 4 14 ± 4 31 ± 2 42 ± 3 44 ± 2 c 
3 Cuphea 2 13 ± 2 27 ± 6 39 ± 10 41 ± 10 c 

aAll data are expressed as means ± SD. 
bThese pairs of basal- and Cuphea-fed groups 
c29 wk. 
d18 wk. 

are significantly different at P < 0.05, Student 's t-test. 

m i c e  m o r e  t h a n  C57B1 /6  m i c e  (Table 7). L u n g s  of  s o m e  
m i c e  h a d  i n c r e a s e d  n u m b e r s  of  l y m p h o i d  a g g r e g a t e s  o r  
fol l icles ,  t y p i c a l l y  a s s o c i a t e d  w i t h  a i r w a y s  o r  a r o u n d  
vesse l s .  T h e s e  o c c u r r e d  m o r e  in  F 2  C B A / 2  m i c e  a n d  in  F1  
C57B1/6  mice .  S p l e e n s  of  s o m e  m i c e  were  e n l a r g e d .  T h e s e  
u s u a l l y  w e r e  f o u n d  in  m i c e  w i t h  a c t i v e  i n f l a m m a t i o n ,  
u s u a l l y  d u e  t o  u r i n a r y  t r a c t  i n f ec t i ons .  

DISCUSSION 

Cuphea oil  c o n t a i n s  a g r e a t  p r o p o r t i o n  of  M C T s .  T h i s  is  
t h e  f i r s t  t h r e e - g e n e r a t i o n  f e e d i n g  t r i a l  p e r f o r m e d  w i t h  
s u c h  a f a t  source .  A l t h o u g h  M C T s  h a v e  b e e n  r e p o r t e d  to  
r e d u c e  p l a s m a  c h o l e s t e r o l  (5,6) a n d  b o d y  w e i g h t  g a i n  of  
r a t s  (3,4), t h e s e  e f f e c t s  w e r e  n o t  g e n e r a l l y  o b s e r v e d  in 
C B A / 2  or  C 5 7 B 1 / 6  mice .  

M a n y  i n b r e d  s t r a i n s  of  m i c e  a re  d i f f i cu l t  t o  b reed .  T h e  

f a i l u re  of  m o t h e r s  t o  s u c c e s s f u l l y  n u r t u r e  p u p s  to  wean-  
l i n g  a g e  (four weeks )  w a s  t h e  o n l y  r e p r o d u c t i v e  p r o b l e m  
n o t e d  (Table 2). T h e  F 0  m i c e  were  e x p o s e d  to  a d i f f e r e n t  
d i e t  a n d  e n v i r o n m e n t  t h a n  were  t h e  F1  a n d  F2  m i c e  before  
b r e e d i n g ,  b u t  i t  is n o t  c l ea r  h o w  t h e s e  d i f f e r ences  m i g h t  
h a v e  l ed  t o  t h e  i m p a i r m e n t  of  s u r v i v a l  of  p u p s  in  t h e  la t -  
t e r  gene ra t i ons .  However ,  t h e  p r o p o r t i o n  of  p u p s  b o r n  a n d  
s u r v i v i n g  to  w e a n i n g  was  s imi la r  w h e n  e i t h e r  d ie t  was  fed. 

B o d y  w e i g h t  a n d  f o o d  i n t a k e s  w e r e  s u p p r e s s e d  in  Cup- 
hea-fed m i c e  a t  s o m e  t i m e  p o i n t s  d u r i n g  a 13-wk f e e d i n g  
t r i a l  (Tables  3 a n d  4), b u t  Cuphea f e e d i n g  h a d  l i t t l e  e f f e c t  
o n  b o d y  w e i g h t  o r  f o o d  i n t a k e  in  m i c e  f ed  for 5 - 1 2  m o n  
(Tables  5 a n d  6). T h e  o c c a s i o n a l  s u p p r e s s i o n  of  f o o d  in- 
t a k e  o r  b o d y  w e i g h t  b y  Cuphea oil f e e d i n g  is p r o b a b l y  due  
t o  r a n d o m  v a r i a t i o n ,  a n d  n o t  d u e  t o  u n k n o w n  a n t i n u t r i -  
t i o n a l  f a c t o r s  o r  M C T s .  F e e d i n g  M C T s  h a s  b e e n  s h o w n  
to  e i t h e r  r e d u c e  (3,4} o r  to  h a v e  no  e f f e c t  on  b o d y  w e i g h t  
g a i n  (12}. Overa l l ,  c r u d e  Cuphea oil  d i d  n o t  s u p p r e s s  

TABLE 6 

Food Intakes of Three Generations of Two Strains of Mice Fed for 5-12 Months a 

Strain 

C57B1/6 

CBA/2 

Food intake 

Generation Diet n (13 wk) (26 wk) (39 wk) (45 wk) 

1 Basal 7 201 ± 15 291 ± 150 311 __ 17 
1 Cuphea 5 186 ... 18 315 ± 17 b 322 ± 12 

2 Basal 5 192 ± 15 303 -- 25 94 ± 12 c 
2 Cuphea 6 190 ... 6 303 - 12 96 ± 2 c 

3 Basal 4 183 ... 21 123 ± 5 d 
3 Cuphea 4 186 ± 7 129 _ 5 d 

1 Basal 5 218 ± 27 339 ± 15 b 284 ± 20 137 ± 20 
1 Cuphea 5 205 ± 18 299 ± 30 b 303 ± 25 134 ± 10 

2 Basal 5 242 ± 31 b 312 (n -- 1) 322 +_ 41 
2 Cuphea 5 200 ± 15 b 312 ± 16 313 _ 18 

3 Basal 4 208 ± 10 331 ± 33 72 ± 4 c 
3 Cuphea 2 191 ± 7 318 _ 9 74 ± 10 c 

aAll data are expressed as means ± SD. 
bThese pairs of basal- and Cuphea-fed groups 
c29 wk. 
d18 wk. 

are significantly different at P < 0.05, Student 's t-test. 
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TABLE 7 

Histopathology of Mice Fed Cuphea Oil for 5-12 Mon a 

Strain Group n Liver Kidney Lung Other 

C57B1/6 F1-Basal 7 4.0 1.7 If (4) fb (1) 
F1-Cuphea 4 3.8 2.5 If (1) fb (2) 

pgn (1) 
F2-Basal 5 3.8 1.2 If (1) 
F2-Cuphea 6 3.7 1.8 pga (1) 
F3-Basal 4 3.8 1.0 
Fe-Cuphea 4 2.8 1.2 

CBA/2 F1-Basal 6 1.7 1.5 If (1) pga (1) 
n (4),e (1) i (1) h (1) pgn (1) 
f (2), 

F1-Cuphea 5 1.8 1.0 
n (4), 
ef (1) 

F2-Basal 5 1.4 2.0 If (1) pgn (1) 
nf (4) h (2) fb (1) 

cv (1) 
F2-Cuphea 5 1.8 2.0 If (4} pga (1) 

nf (2) m (1) h (1) fb (1) 
e (1) i (1) spgr,pgd (1) 

F3-Basal 4 2.0 2.0 h (1) pgc (1) 
pga (1) 

F3-Cuphea 2 1.5 2.5 If (1) pga (1) 
nf (1) f (1) 

aKey to lesions: Liver: 0, No significant lesions; 1, periportal fatty 
change, large vacuoles; 2, periportal fatty change, large vacuoles with 
diffuse small vacuoles; 3, diffuse fatty change, small vacuoles, or 
centrilobular fatty change only; 4, diffuse fatty change, large and 
small vacuoles, no pattern; n, nodule {typically nodular hyperplasia); 
f, fatty, e, eosinophilic. Kidney: 1, Mild proximal tubule fat, stout 
glomeruli; 2, changes in 1 plus one or few lymphocyte aggregates; 
3, changes in i plus marked chronic or chronic active pyelitis; i, in- 
farcts; m, mineral. Lung: lf, Lymphoid follicles; h, hemosiderin. Other: 
pg, Preputial gland; a, abscess; d, dilation, c, cyst; n, nodular 
hyperplasia; spgr, sperm granuloma of epidydimus; fb, full bladder; 
cv, cystitis, vesiculitis. For liver and kidney, data are expressed as 
mean scores. Numbers in parentheses indicate the number of mice 
with each type of lesion. 

g rowth  and  food in take  of two s t ra ins  of mice fed 
over three genera t ions  and  for up  to  12 mon. 

The strain-dependent variat ion in serum cholesterol was 
expected because CBA/2 mice are relatively hypocholester- 
olemic (7). Feeding  MCTs can reduce  p l a s m a  cholesterol  
(5,6). Replacing half  of the  calories con t r ibu ted  by  beef 
tallow wi th  Cuphea oil, so t h a t  Cuphea oil con t r ibu ted  
16% of to ta l  calories (out of a to ta l  of 39% fat  calories), 
was no t  a sufficient d ie ta ry  modif icat ion to reduce serum 
cholesterol  in mice. 

Liver  weight,  a s ign of hepa to tox ic i ty  (13), did no t  dif- 
fer general ly between diets  in mice fed for three  m o n t h s  
(data no t  shown). Accumula t ion  of hepat ic  lipid was prob- 
ably caused by the fat  and cholesterol contents  of the diets 
114), a diet  similar  in to ta l  lipid con ten t  to  the  usua l  
Amer ican  diet. There were no differences between the  diets 
or  the  genera t ions  in f a t t y  liver development .  The  two 
s t ra ins  showed different pa t t e rn s  of fat  accumulat ion,  
perhaps  because  of differences in hepat ic  fat  metabol ism.  
The  hepat ic  nodules  were s t ra in-dependent  and  no t  diet- 
dependent.  These nodules occur frequently in CBA/2 mice. 
usual ly  in mice older t h a n  those  used  in this  s t u d y  (8). 
The deve lopment  of o ther  neoplasms,  specifically N- 
methylnitrosourea-init iated rat  m a m m a r y  tumors,  may  be 

inf luenced by  subs t i t u t i ng  MCTs for corn  oil (14). MCTs 
{17.6% by  weigh t  of the  diet  fed wi th  5.9% corn  oil) and  
a diet conta in ing  5% corn oil by  weight  of diet suppressed 
t u m o r  p romot ion  to the  same  extent ,  compared  wi th  
23.5% corn  oil. The to ta l  t u m o r  incidence was  reduced in 
MCT-fed rats,  compared  wi th  corn  oil-fed rats ,  bu t  the  
presence of adenocarc inomas was no t  suppressed by  MCT 
feeding. Spontaneous ly  occurr ing hepat ic  nodules in mice 
were no t  affected by Cuphea oil; and, therefore. MCT 
feeding a t  abou t  8% by  weight  of  the  diet  in subs t i t u t i on  
for beef tallow did no t  suppress  spon taneous  h e p a t o m a  
format ion.  I t  is likely t h a t  MCTs and  o ther  s a tu ra t ed  fat  
sources, such as beef tallow, when subs t i tu ted  for linoleate" 
m i g h t  suppress  m a m m a r y  tumor igenes i s  because,  when  
to ta l  fa t  calories are held cons tan t ,  m a m m a r y  tumori-  
genesis increases as d ie ta ry  l inoleate con ten t  increases 
f rom 0.5 to  5% by  weight  of the  diet  (15). Tumorigenesis  
also is suppressed  by  caloric res t r ic t ion (16), bu t  Cuphea 
oil had no such effect dur ing the long-term feeding of mice. 

Renal  vacuola r  changes  were likely caused  by  the  g rea t  
tota l  lipid con ten t  of the  feed (Table 7). The i n f l ammato ry  
renal  lesions were in teres t ing  and  m a y  have been more  
severe wi th  the  Cuphea diets, bu t  no t  s ta t is t ica l ly  so. The  
lesions seen are of ten caused  by  par t ia l  u r ina ry  t rac t  ob- 
s t ruc t ion  and ascending bacterial  infections following the  
obs t ruc t ion .  W h e t h e r  this  was  related to lipid con ten t  in 
the  diets  or  re la ted to  o ther  factors,  such as husbandry ,  
is open  to  speculat ion,  bu t  i t  is no t  likely to  be direct ly  
re la ted to  the  diets  t reated.  

Les ions  in the  preput ia l  g lands  also were strain-de- 
pendent  and not  diet-dependent (Table 7). Lesions in lungs 
likely resul ted f rom env i ronmenta l  fac tors  and h a d  n o  
strain- or  diet-dependence.  

I n  conclusion,  feeding 8% Cuphea oil as a subs t i t u t e  
for half  of the  d ie ta ry  beef tallow was  no more  toxic to  
mice t h a n  was the  beef tallow diet. The  diet  con ta in ing  
Cuphea oil did no t  impair  r ep roduc t iv i ty  or cause  any 
specific disease in the  mouse  t i ssues  examined.  Cuphea 
oil modera te ly  suppressed b o d y  weights  and  food intakes 
of mice in some  groups  between 4 and  13 wk  of age, b u t  
Cuphea oil had  no long- te rm effects on b o d y  weight,  food 
in take  or cholesterol  s ta tus .  Cuphea oil seems to  be non- 
toxic, bu t  of no par t icu lar  heal th  benefi t  to  mice when fed 
as  a par t ia l  subs t i t u t e  for beef tallow. 
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