Impact of different dietary fatty acids
on plasma and liver lipids is
influenced by dietary cholesterol

in rats

Daniel C. Rule, Michael Liebman, and Yu Bin Liang

University of Wyoming Department of Animal Science and Department of Home Economics

The purpose of this study was to determine blood and liver lipid responses in rats 1o stepwise replacement of paim
oil with high-stearate and high-oleate lipids with and without dietary cholesterol. Two 28-day experiments were
conducted in which 12% fat (wifwt) was fed to rats in diets containing 0 (EXP1) or 0.4% cholesterol (EXP2). Nine
diets were compared in eack experiment: 12% palm oil was replaced in 3% increments by a high-stearate lipid
(five treatments); 6% palm oil combined with 6% high-oleate safflower oil, 12% high-oleate safflower oil, 12%
tallow, and 12% corn oil. Gain:consumption ratios were lower when rats were fed high-stearate fats. Plasma and
liver cholesterol were greater when rats were fed 0.4% cholesterol (EXP2 compared with EXP1). The tallow diet
produced the lowest plasma cholesterol in EXP1, but the highest level in EXP2, Similar plasma cholesterol levels
oceurred for groups fed 12% palm oil, corn oil, and safflower oil, with or without dietary cholesterol. In EXP],
dietary treatments had little effect on liver cholesterol. In EXP2, liver cholesterol decreased as consumption of
the high-stearate fat increased, and was highest with 12% safflower oil. Proportions of hepatic fatty acids
generally reflected intake; however, greater (16:1 and 18:1} and lower (18:0 and 20:4) occurred in cholesterol-
supplemented rats (EXP2 compared to EXP1). In conclusion, rat plasma and liver lipid responses to different
dietary fats are affected by dietary cholesterol, the presence of which greatly increases liver cholesterol, liver

tetal fat, and tallow-induced hypercholesterolemia. (1. Nutr. Biochem. 7:142-149, 1996.)
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Introduction

Hegsted et al.’ concluded that degree of fatty acid saturation
and cholesterol are the primary determinants of serum cho-
lesterol in humans. Reducing total fat intake may not lower
serum cholesterol unless saturated fat intake is reduced.
Individual fatty acids also exhibit different cholesterolemic
effects. Lauric (12:0) and myristic (14:0) acids, for example,
are more hypercholesterolemic than palmitic acid (16:0),
which is hypercholesterolemic com£ared with stearic acid
(18:0) and unsaturated fatty acids.*” Neutral and choles-
terol-lowering effects of 18:0 have also been observed.*'!
High-oleate (18:1) containing lipids have lowered plasma
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cholesterol when compared with 16:0;'2 however, not all
high-oleate lipids are hypocholesterolemic.'?

Combining oils with different fatty acid compositions
has been used to evaluate effects of reciprocal changes in
dietary fatty acids. Simultaneously decreasing dietary pal-
mitate and increasing oleate did not affect serum cholesterol
of hamsters;'* however, with 2% dietary cholesterol, serum
cholesterol increased in palm oil fed animals, but not in
those fed olive or safflower oil. Thus, dietary cholesterol
appears to influence cholesterolemic effects of specific fatty
acids. The purpose of this study was to determine blood and
liver lipid responses in rats to stepwise replacement of palm
oil with high-stearate and high-oleate lipids in diets with
and without dietary cholesterol.

Methods and materials

Seventy-two male Sprague-Dawley rats (Harlan Sprague-Dawley,
Indianapolis, IN, USA about 4 weeks old) were used for each of
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two experiments differentiated by the absence (EXP1) or presence
(EXP2) of dietary cholesterol. Rats were housed individually in a
ventilated room with a 12-hr light/dark cycle. Animals adapted to
their environment for 25 days with ad libitum access to water and
AIN-76 diet (United States Biochemical, Cleveland, OH, USA).
Rats were randomly assigned to one of nine treatments based on
source of dietary fat with eight animals per treatment.

Mean initial body weights calculated across treatments were
177.8 + 0.2 g (SEM) for EXP1 and 169.8 + 0.3 g for EXP2. Diet
compositions are described in Table 1. Dietary fat was 12% (wt/
wt) in both experiments. In EXP1, diets were not cholesterol
supplemented; in EXP2, diets contained 0.4% (wt/wt) cholesterol.
All diet ingredients were purchased from United States Biochemi-
cal (Cleveland, OH, USA) except for cholesterol, which was pur-
chased from Sigma Chemical Co. (St. Louis, MO, USA #
C-8667). Dietary fats used in formulating the diets are described in
Table 2. Five combinations of palm oil and a high-stearate oil, two
combinations of palm oil and high-oleate safflower oil, tallow
alone, and corn oil alone were compared. Tallow was included
because weight percentages of 16:0, 18:0, and 18:1 were similar to
those of several of the vegetable oil blends (Table 3), but of mark-
edly different origin. Corn oil was included because of its common
use in previous studies, and its use allowed comparison with the
two non-blended vegetable oils (P12 and 0O12).

The high-stearate fat was produced by interesterification of
high-oleate safflower oil with hydrogenated soybean oil as previ-
ously described® (provided by Anderson Clayton/Humku Prod-
ucts, Memphis, TN, USA). Palm oil was purchased from Agro
Ingredients, Inc. (Des Plains, IL, USA). High-oleate safflower oil
was purchased from Wilchem, Inc. (Brea, CA, USA). Corn oil was
purchased locally (Mazola), and tallow was prepared by the Uni-
versity of Wyoming Meats Laboratory. Corn oil was stabilized by
addition of 0.2 g of tertiary butythydroquinone per 100 g of oil. Oil
blends were combined and then mixed as the last ingredient of
each diet. Diets were mixed for 2 hr using a Hobart mixer.

All diets were provided as a dry powder for ad libitum con-
sumption, Rats were weighed weekly, and food consumption mea-
sured every 4 days, by weighing food containers. After 28 days of
feeding and following a 12-hr fast, rats were killed by ether anes-
thesia. Cardiac puncture was used to obtain blood from which
plasma was harvested and stored at ~20°C. Livers were weighed
after removal of blood and fat and then stored at —20°C.

Plasma cholesterol and triglyceride concentrations were deter-
mined using assay kits (Stanbio Laboratory, San Antonio, TX,
USA). Entire livers were freeze dried, ground, and total lipids
extracted in duplicate from 50-mg samples in 1:2:0.8 chloroform:
methanol:water (vol:vol:vol)."” Lipid extracts were saponified'®

Table 1 Diet composition®

Table 2 Description of dietary fats

Source of dietary fat

High-oleate
Palm High-stearate safflower Beef Corn
Diet? oil oil oil tallow oil

----------------------- %, by weight of diet --emmer-msrreemaeen-

P12 12 0 0 0 0
PI9S3 9 3 0 0 0
P6S6 6 6 0 0 0
P3S9 3 9 0 0 0
S12 0 12 0 0 0
Pe0O6 6 0 6 0 0
012 0 0 12 0 0
TA 0 0 0 12 0
CO 0 0 0 0 12

8P = palm oil; S = high-stearate oil; O = high-oleate safflower oil; TA
= tallow; CO = corn oil.

and cholesterol determined in the non-saponified fraction.'” Fatty
acid analyses of the saponified lipids and total lipids of dietary fats
were accomplished using GLC.'® Cholesterol and cholesteryl es-
ters were separated by thin-layer chromatography using plates
coated with silica gel-G (250 wm, Analtech, Newark, DE, USA)
and developed in petroleum ether, diethyl ether, and acetic acid
(90:10:1) (vol:vol:vol). Cholesterol and cholesteryl ester fractions
were recovered, dissolved in chloroform, and total cholesterol de-
termined by the colorimetric method of Rudel and Morris.'”
Data were analyzed by analysis of variance for the completely
randomized design.'® When the overall analysis indicated signifi-
cant treatment effects (P < 0.05), Duncan’s New Muitiple Range
test was used to locate significantly different treatment means.

Results and discussion
Composition of experimental fats

Fatty acid compositions of dietary fats are given in Table 3.
Stepwise replacement of palm oil with high-stearate fat re-
sulted in reciprocal changes in proportions of 16:0 and 18:0
with nearly constant levels of 18:1 and linoleate (18:2). The
stepwise replacement of palm oil with high-oleate safflower
oil resulted in reciprocal changes in 16:0 and 18:1 with a

Table 3 Fatty acid weight percentages of dietary fats®

— Cholesterol + Cholesteral Fatty acid®

[tem (EXP1) (EXP2) Diet 16:0 18:0 18:1 18:2
Sucrose 43.0 42.6 P12 40.9 42 42 1 10.4
Corn starch 15.0 15.0 P9S3 33.8 124 416 9.9
Casein 20.0 20.0 P6S6 27.4 20.8 40.9 9.5
DL-Methionine 0.3 0.3 P3S9 18.4 29.9 411 9.3
Fat 12.0 12.0 S12 8.9 38.6 425 9.0
Cholesterol 0.0 0.4 P60O6 24.4 3.4 58.0 124
Cellulose 5.0 50 012 55 2.3 746 15.5
Mineral mixture® 3.5 3.5 TA 25.4 10.8 46.0 1.9
Vitamin mixture® 1.0 1.0 CcoO 11.9 2.0 26.0 58.6
Choline bitartrate 0.2 0.2

2Composition is percentage by weight, as fed.
®-CMineral and vitamin mixtures were AIN Mineral Mixture 767 and
AIN Vitamin Mixture 767 (AIN, 1977).

2From lipids extracted from prepared diets; dietary lipid comprised
25.7 en% of fat, as fed.

bCarbons: double bonds; 16:0, palmitate; 18:0, stearate; 18:1, ole-
ate; 18:2, linoleate.
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constant level of 18:0, but 18:2 was less constant (compare
P12, P606, and 0O12).

Food consumption and growth

Food consumption and growth data are illustrated in Fig-
ures 1 and 2 for EXP1 and EXP2, respectively. Food con-
sumption was greatest for S12 in EXP1 (P < 0.05) and for
P3S9 in EXP2 (P < 0.05). Body weight gain was lowest for
S12 (P < 0.05) in EXP2, but not in EXP1. Gain:consump-
tion ratios were lowest for rats fed high-stearate fats, sug-
gesting less efficient digestion/absorption of these diets.

Poor digestibility of high-stearate fats has been previ-
ously reported in rats’*?! and humans.?? Rat fecal fatty
acids have reflected major dietary fatty acids, which has
been most pronounced with 18:0.* Total fatty acids of
EXP1 fecal samples from rats fed P12 and S12 contained
80% 16:0 and 18:0, respectively, whereas 18:1 in fecal total
fatty acids was 62% in rats fed O12 (data not shown, no
fecal samples were collected in EXP2), indicating the pos-
sibility of lower absorbability of these fatty acids. Bona-
nome and Grundy,® however, reported efficient absorption
of 16:0 (98.9%), 18:0 (97.4%), and 18.1 (99.9%) in humans
who consumed palm oil, high-stearate fat (similar to that
used in this study), and high-oleic acid safflower oil, re-
spectively.

Plasma lipids

Plasma cholesterol and triglyceride values are presented in
Figure 3. In EXPI, rats fed tallow exhibited the lowest
plasma cholesterol (P < 0.05) compared to those fed corn
oil, 012, P12, P9S3, and P3S9; values were similar for corn,
safflower, and palm oils (P > 0.05). Plasma triglycerides
were similar (P > 0.05) for all treatments except P6S6,
which exhibited the lowest triglyceride concentration.

In EXP2, rats fed P6S6 had lower plasma cholesterol (P
< 0.05) than all other groups except P3S9, S12, and corn oil.
Rats fed tallow had significantly greater plasma cholesterol
than rats fed corn oil, P6S6, P3S9, or S12 (P < 0.05).
Plasma triglycerides did not vary consistently with the re-
ciprocal changes in 16:0 and 18:0. Rats fed S12, however,
had significantly higher (P < 0.05) triglycerides than rats
fed P12, any combination of palm oil and high-stearate oil,
tallow, and corn oil. With the non-blended vegetable oils
(P12, O12, com oil), no differences in plasma cholesterol
were observed but triglycerides were greatest (P < 0.05) for
rats fed O12, and similar for those fed palm or corn oils.

Although some reports have indicated little change in
blood cholesterol of rats in response to consumption of dif-
ferent dietary fatty acids,?""**~?® others have reported
greater plasma cholesterol in animals fed saturated com-
pared to unsaturated fatty acids and in animals fed lipids
that contained 12:0 and 14:0 compared to those containing
16:0 or 18:0.2%?7-% In this study, saturated fatty acid-
induced changes in plasma cholesterol were dependent on
the presence of supplemental cholesterol. Moreover, with
0.4% dietary cholesterol, mean plasma cholesterol (for all
treatments) was approximately 120 mg/ 100 mL compared
to 90 mg/100 mL without supplemental cholesterol.

In the Cebus monkey, plasma cholesterol was not influ-
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enced by dietary 16:0 until the diet contained 0.3% choles-
terol, which resulted in a hypercholesterolemic effect of
16:0 compared with 18:0.* In hamsters, 12:0, 14:0, and
16:0 were hypercholesterolemic compared with 18:0.%
With 0.3% dietary cholesterol, however, consumption of the
different fatty acids resulted in similar blood cholesterol
levels, which were higher than those when diets were de-
void of supplemental cholesterol. Also in hamsters, 2% di-
etary cholesterol was needed to demonstrate a hypercholes-
terolemic effect of palm oil compared with high-oleate saf-
flower oil.'*

In the present study, the interaction of dietary cholesterol
with dietary fatty acids was most extreme with the tallow
diet; plasma cholesterol was 72 mg/100 mL without dietary
cholesterol and 140 mg/100 mL with 0.4% dietary choles-
terol. Wistar rats that consumed 10% tallow and 1% cho-
lesterol had over threefold higher blood cholesterol than rats
fed either safflower oil or perilla oil, which contained about
60% o-linolenic acid (18:3).°® In humans, lean beef con-
sumption caused baseline plasma cholesterol concentrations
to decrease, and when beef fat was added, plasma choles-
terol increased to levels that were still below those at base-
line.>® The interaction of dietary cholesterol with fat may
not be restricted to tallow because consumption of either
butter fat®’ or lard® with cholesterol resulted in large
plasma cholesterol increases in rats and guinea pigs, respec-
tively. The fat-cholesterol interaction may be partially re-
lated to reduced cholesterol absorption associated with con-
sumption of plant sterols in vegetable oils.>

Liver cholesterol and cholesteryl esters

Liver cholesterol and cholesteryl ester values are shown in
Figure 4. In EXP1, rats fed S12 had lower (P < 0.05) liver
cholesterol than did corn oil fed rats with all others inter-
mediate. However, a more pronounced decrease in percent-
age cholesteryl ester with increased dietary high-stearate
was observed compared to the change observed in EXP2. In
EXP2, liver cholesterol decreased in association with the
sequential replacement of palm oil with high-stearate fat (P
< 0.05). The highest liver cholesterol concentrations (P606,
012, tallow, and P12) were greater (P < 0.05) than that of
the corn oil-fed group. Liver cholesterol of EXP2 rats was
about fourfold greater than that of EXP1 rats. Moreover,
percentage cholesteryl ester was over 3 fold greater in rats
fed cholesterol (EXP2).

Previous studies also demonstrated stearate-induced de-
creases in liver cholesterol. Mani et al.?! reported a negative
relationship between dietary stearate and liver cholesterol
levels in rats fed a diet that contained 0.4% cholesterol.
Kritchevsky et al.?® reported lower liver cholesterol in rats
fed cocoa butter (high in 18:0) than in those fed either corn,
palm kernel, or coconut oils.

In a summary of previous work, Beynen* concluded that
consumption of monounsaturated fatty acids results in in-
creased liver cholesterol. Olive oil consumption by mice
caused greater liver cholesterol than did animal fat, corn oil,
or cocoa fat.”® Results of the present study (i.e., signifi-
cantly higher liver cholesterol in P606 and O12 groups
compared to corn oil and stearate-fed groups in EXP2) and
of others?”*® corroborate this conclusion, but the presence
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Figure 2 Effects of different dietary fatty acids on food consump-
scribed in Table 2. TA is beef tallow and CO is corn oil.

N

G R RRRKK

Q

)
b,

X
o
%

REXIRILXS

] NS
BRSRRLRK

(o] 3]

¢

P

120.9,9.9.9.9.9.9.9.9.9.9,9,

RSLERRRERIRERRRRRS

Q6
06

BRI

7

2

<7

7

Q
P12 P9 P6 P3 Si12 P§ 012 TA CO

XXX

RRERREIEIK

a

BODY WEIGHT GAIN

S3 S6 S9

RS SITSLR
BRIRKRHRRKKK

RSSO S S
W’O’ Q 0100

X TTRXLK

RHIRRRRKKR

600
550
350

<7

930002030 500000%9,

”""’

DIETARY LIPID
Effects of different dietary fatty acids on food consump-

S3 s6 S9

&
GAIN:CONSUMPTION RATIO

S3 S6 S8

) $.0.9.9.9.9.9.9.9.4

P12 P9 P6 P3 S12 P6 012 TA CO
P12 P9 P6 P3 S12 P& 012 TA CO

300
180
160 |
140 F
120 ¢
100
80

i

SAVYO

60 |
40 |
20 b
0
0.35 |
.25
0.20
0.15 |
0.10 |
0.05
0.00

0
tion and growth of rats fed diets without supplemental cholesterol.

Bars are means + SEM (eight rats per treatment). Different super-
scripts indicate significant differences (P < 0.05). Dietary lipids are

described in Table 2. TA is beef tallow and CO is corn oil.

Figure 1



0.4% DIETARY CHOLESTEROQL

NO DIETARY CHOLESTEROL

Research Communications

j T T T L T T T —T T T T T T T T T
HRRRRRBRIBERRRA8 B S e e
5 m.."»"H“."."."."n".“u“u".“w.wmu“.“w.»".“w = m SRR <
m o SRR I R S
RN N T £ e
5 S S R e et I
< g S < R
R
m . .‘.d,.vv"mwwwm"mwwwwv <5 2 B S s P
- L
R A 0SS RSN - & RIS
vl L il 1 L L 1 — ) L 1 1 1 1 L Il )
2 38383833 %R_° eaBR @68 IBI2C°
2T ee
N 001 /OW M oot /o
T T L T T T T T L T —T T ¥ ¥ L T T T
I e e P R
e
I s e RSB
3 SRR w8 T e s tetstetststersoss LS
S R m N S I
: - Wm"w"w"w"w"w.w“www“wwm.wwwww“wwm R a < R 2
5 o..w“m”m“m"m“m“m"w"»w"m"w"wwww»“m.ww £ 2 2 BB e
R 2 & o R e
o R RN & o i SRS iy
L 1 L Jod 1 1 A 1 1 J 1 . I3 1. 1 L 1 W
00000000 O o000 (o] o O o o o o o o
H w O 0N O N T M- 00 ~ (o] wy ~+ Lo ™~ —
W 001 /O TN 00L /OW

yet significant (P < 0.05), treatment
differences in liver 18:0 were observed in EXP1 than EXP2.

DIETARY LIPID
rats fed diets that were lowest in 18:0 generally

to dietary fat type were observed for 16:1. This
had the lowest hepatic 18:0.

fatty acid arises from desaturation of 16:0 and, with the
With or without added dietary cholesterol, hepatic 18:0

increased (P < 0.05) in parallel with the level of high-
Few differences in liver 18:1 occurred in EXP1, and no

differences (P > 0.05) in 18:1 occurred for the palm oil and

16:1 was highest in rats fed tallow because bovine adipose
high-stearate oil-combinations. Rats fed O12 did not have

tissue contains from 3 to 6% 16:1.%
increases in 18:0 occurred suggesting more rapid incorpo-

ration. These findings suggest that absorption of the high-
stearate oil was sufficient to lead to accumulation of this

sequentially replaced with high-stearate oil, greater relative

stearate fat ingested (Table 4), and in both cases reached a
maximum weight percentage with the P3S9 diet. Moreover,

16:0 resulted in a general increase in 16:1. Consumption of
compared with hepatic decreases in 16:0 when palm oil was

been influenced greatly by the various dietary fats. Similar
exception of liver lipids of tallow-fed rats, greater intake of

responses
the greatest proportion of 18:1 in liver lipids, which was the

fatty acid. Smaller,

In EXP2,

-induced in-

crease in liver cholesterol (3 fold) and cholesteryl ester (4

fold), which occurred in the

ings of others.?**>%

were not fed

DIETARY LIPID
likely from an effort by

hepatocytes to sequester the large influx of cholesterol.

]

Beynen et al.”®
the large cholesterol

present study corroborates find-
In the present study, when no dietary cholesterol was

provided, consumption of fats high in monounsaturated
fatty acids tended to result in greater proportions of cho-
lesteryl esters whereas reduced proportions occurred with

3b) or 0.4% supplemental cholesterol (Figure 3¢, 3d). Bars are means + SEM {(eight rats per treatment). Different superscripts indicate
ingestion of the high-stearate fat. However, with 0.4% di-

Figure 3 Effects of different dietary fatty acids on plasma cholesterol and triglycerides in rats fed diets that contained either no (Figure 3a,
significant differences (P < 0.05). Dietary lipids are described in Table 2. TA is beef taliow and CO is corn oll.

shown in Table 4. With or without dietary cholesterol
supplementation, weight percentages of 16:0 were partially
ably less than 16:0 level differences among dietary fats.
This suggests that hepatic 16:0 metabolism may not have

reflective of dietary 16:0 concentration. However, magni-
tude of treatment differences in hepatic 16:0 was consider-

etary cholesterol, cholesteryl ester formation was much
Fatty acid weight percentages of liver lipid extracts are

of dietary cholesterol was necessary to elicit this response
whereas the mice used by

greaier regardless of the dietary fat

146 J. Nutr. Biochem., 1996, vol. 7, March

cholesterol. Moreover,
Liver fatty acids
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Figure 4 Effects of different dietary fatty acids on liver cholesterol concentration and percentage cholesteryl ester in rats fed diets that
contained either no (Figure 4a, 4b) or 0.4% supplemental cholesterol (Figure 4c, 4d). Bars are means + SEM (eight rats per treatment).

Different superscripts indicate significant differences (P < 0.05). Dietary lipids are described in Table 2. TA is beef tallow and CO is corn oil.
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Table 4 Fatty acid weight percentages of liver lipid extracts of rats

fed various fats and no or 0.4% dietary cholesterol?

Fatty acid®

Diet® 16:0 16:1 18:0 18:1 18:2 20:4

----------------- no dietary cholestero!l (EXP1) ------mmveem-m--
P12 2259  25% {749  p5gde 94"  223f
P9s3 2209 209 1859  258%  10.0°F 216
P6Se 2229 2.1t 21148t 2o 7 9.4 226°
P3S9 2219 209 2539 238 8.7%'  18.19
S12 19.4 18" 2320 23 9°f g6 23.1°
P6O6 21.5% 159" 1899  22.4f 10.1°® 25.7%
012 17.79 1.3Ni 19.1%  24.6° 10.1° 27.3¢
TA 21.8% 319 1809  285° 7.69 2099
CO  209° 09 18.49 10.49 22.99 26.59
SEMI 0.6 0.2 0.9 1.2 0.5 1.2

---------------- 0.4% dietary cholesterol (EXP2) ----------------
P12 23.0°  4.2° 1259 36.1%f9  11.3° 12.9°
P9S3  22.3%¢ 4.0 14,79 34.8" 9.4% 14.89%¢
PeS6  21.3° 23" 19.0°6  33.29" 105 15.89
P3S9 19.39 259" 239¢ 294" 8.89 14,00
$12 19.49 24" 23.09 316" 9.9 13.6%
P60O6 2289  3.3% 1439 36.7¢f 9.9 12.9°
012 19.99  36° 13.29 42,19 9.19 12.0%
TA 2284  6.0¢ 16.2f 39.1% 72" 87"
co 216 21" 14.7% 209 304%  10.29"
SEM! A4 3 9 1.2 4 7

2Values were adjusted to 100%; values presented represent about
97% of peak areas.

bSee Table 2 for description of diet codes.

°Carbons: double bonds.

delehiMeans within the same column with different superscripts
are different (P < 0.05).

IPooled standard error of the mean.

Conclusion

In summary, fatty acid-induced alterations in rat plasma and
liver cholesterol required supplemental dietary cholesterol,
and may have been partially due to reduced absorption of
stearic acid. The propensity of high-stearate fat to lower and
of tallow to raise plasma and liver cholesterol was evident
only when 0.4% cholesterol was included in the diet. This
suggests that tallow, and animal fats in general, may interact
with dietary cholesterol to affect plasma cholesterol, possi-
bly mediated via alteration in lipid absorption. The exact
nature of this potential interaction requires further study.
Although hepatic fatty acids generally reflected intake,
greater hepatic 16:1 and 18:1 and lower 18:0 and 20:4 were
observed in cholesterol-supplemented compared to non-
cholesterol supplemented rats.
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