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Nutritional loading of amino acids, partic- 
ularly phenylalanine, has been used to study 
certain metabolic disorders. During such ex- 
perimentation Waisman and his colleagues 
fed L-histidine-supplemented diets to infant 
rhesus monkeys and noted a marked hyper- 
lipemia (1,2). Later Geison and Waisman (3) 
fed 5% and 8% excess L-histidine diets to 4- 
week-old rabbits and induced a 50% increase 
in plasma cholesterol levels. Our investiga- 
tions have been pursued in rats, attempting 
to provide a more accessible animal model 
for studying dietary histidine supplementa- 
tion. 

Rats fed a diet supplemented 5% with L- 
histidine develop large livers and hypercho- 
lesterolemia (4). There is an increase in the 
incorporation of cholesterol precursors into 
cholesterol in liver slices from rats fed excess 
histidine (4). This finding prompted further 
investigation to determine the effect of histi- 
dine supplementation on cholesterol biosyn- 
thesis in the 5,OOOg supernatant solution of 
rat liver homogenate. Mature rats were used 
in this study because cholesterol and fatty 
acid metabolism in weanling rats is unstable, 
due to the change of diet from milk to chow 
(5) .  Previous studies have demonstrated that 
fasting decreases the rate of synthesis of cho- 
lesterol from acetate (6, 7). When fasted ani- 
mals were refed a normal diet, the synthesis 
of cholesterol from acetate returned to nor- 
mal within three days (8). When they were 
put on a fat-free diet, cholesterol synthesis 
returned to its normal level within three days 
and then declined to a very low level (8). This 
investigation studied the effects of histidine 
supplementation on the rate of synthesis of 
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cholesterol and cholesterol precursors from 
acetate and mevalonate in both normal and 
fat-free diets. All measurements were ob- 
tained during high and low diurnal levels of 
cholesterol synthesis. 

Materials and methods. Experimental ma- 
terials were obtained from the following 
sources: [2-'*C] acetate (specific activity 53.3 
mCi/mmole), [2-14C] RS-mevalonic acid, 
N,N'-dibenzylethylene diammonium salt 
(specific activity 40.2 mCi/mmole, and Aqua- 
sol (scintillation solution) from New England 
Nuclear Corp., Elmhurst, IL; glucose-6-phos- 
phate, NAD, NADP, dithiothreitol, digi- 
tonin, and nicotinamide from Sigma Chemi- 
cal Co., St. Louis, MO; EDTA from Fisher 
Scientific Co., Itasca, IL; L-histidine (free 
base) and bovine serum albumin from Nutri- 
tional Biochemical Corporation, Cleveland, 
OH. All other chemicals used were of analyt- 
ical grade. The fat-free diet (Wooley and 
Sebrell), Mod. TD-7 1 125 was from Teklad 
Test Diets, Madison, WI. The normal diet 
was ground Purina Formulab Chow. In the 
histidine-supplemented diets, L-histidine con- 
stituted 5% of the diets by weight. A standard 
fitting Potter-Elvehjem homogenizer was 
used for homogenization. All radioactivity 
countings were done in a Nuclear Chicago 
Scintillation Counter, Isocap/300. 

Male albino rats weighing 50-60 g each 
were obtained from Holtzman Rat Co., Mad- 
ison, WI. Animals were divided into groups 
of four and fed normal and experimental 
diets ad lib. for 18 days after they were re- 
ceived. All rats, excluding the control group, 
then fasted for 2 days and were then refed 
experimental diets ad lib. for three days. This 
provided 2 1 days of experimental diet as used 
in previous studies of amino acid feeding (9). 
Rats were housed singly in stainless steel 
cages. The light cycle was from  AM to 
5 : 3 OPM. 

Preparation of rat liver homogenate. Rats 
were sacrificed by decapitation, at ~ P M  or 
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lOm, and the livers were removed quickly 
and placed on ice. Each liver was weighed, 
minced, and then homogenized in a 0.1 M 
potassium phosphate buffer, pH 7.4, contain- 
ing 0.004 M MgC12, 0.001 M EDTA, and 
0.002 M dithiothreitol, with five strokes of a 
Potter-Elvehjem homogenizer. The volume 
of buffer used was 2 ml/g of liver. The ho- 
mogenate was centrifuged for 10 min at 5,- 
OOOg. The volume of the supernatant solution 
was recorded. Protein concentrations were 
measured by a modification of the biuret 
procedure (10) using bovine serum albumin 
as standard. 

acetate and 
mevalonate to NSF2 and DPF3. The rates 
of conversion of [214C] acetate and [214C) 
mevalonate to NSF and DPF were measured 
by a slight modification of the procedure of 
Slakey et al. (11). With acetate as the sub- 
strate, the incubation mixture contained 125 
pl (approximately 5.0 mg protein) of the 5,- 
OOOg supernatant solution diluted to 0.5 ml 
with homogenizing buffer plus cofactors and 
[2-'"C] acetate (2.5 pmoles and 4 x lo5 dpm 
per pmole). With mevalonate as the substrate, 
the incubation mixture contained 75 pl (ap- 
proximately 3.0 mg protein) of the 5,OOOg 
supernatant solution diluted to 0.5 ml with 
homogenizing buffer plus cofactors and [2- 
'"C] RS-mevalonate (2.5 pmoles and 2 X lo5 
dpm per pmole). The NSF was counted in a 
toluene scintillation solution and the DPF 
was counted in Aquasol. 

Results. Acetate to NSF and DPF. The 
incorporation of ['"C] acetate into the NSF 
and DPF of the 5000g supernatant solution 
of rat liver homogenate is shown in Fig. 1. 
The labeled substrate was incorporated nine 
times more into the NSF of rats which were 
refed a histidine-supplemented chow diet 
than in those of the control group (Fig. 1A). 
This increase is statistically significant (P < 
0.001). Refeeding chow, fat-free, or a histi- 
dine-supplemented fat-free diet did not sig- 
nificantly affect the NSF synthesis activity. 
Refeeding of the histidine-supplemented 
chow diet induced a seven- to eightfold in- 
crease in the incorporation of the labeled 

' NSF = Nonsaponifiable fraction: sterols, squalene, 

Assays for  the conversion 

and terpenols. 
DPF = Digitonin-precipitable fraction: sterols. 
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FIG. 1 .  Effects of L-histidine supplementation on the 
rate of conversion of [2-I4C] acetate to the nonsaponifi- 
able (A) and digitonin-precipitable (B) fractions in the 
50Wg supernatant solution of liver homogenates of rats 
maintained in different nutritional states: continuously 
fed, chow (A); fasted-refed, chow (B); fasted-refed, 95% 
chow + 5% L-histidine (C); fasted-refed, fat-free (D); and 
fasted-refed 95% fat-free +L-histidine (E).Vertical bars 
represent standard deviations with four rats in each 
group. 

substrate into the DPF (Fig. 1B). This differ- 
ence is also significant ( P  < 0.001). Histidine 
supplementation to the fat-free diet did not 
cause a significant increase in the DPF syn- 
thesis activity. 

Mevalonate to NSF and DPF. Effects of 
feeding excess histidine on the incorporation 
of ['"C] mevalonate into the NSF are shown 
in Fig. 2A. A 7.5-fold increase in total syn- 
thesis activity over the matched control was 
observed when refeeding the histidine-sup- 
plemented chow diet (P < 0.001). Refeeding 
of chow, fat-free diet, and a histidine-supple- 
mented fat-free diet did not significantly af- 
fect the NSF synthesis activity. The amount 
of [ 14C] mevalonate incorporated into the 
DPF was seven times higher with the refed 
histidine-supplemented diet than with the 
refed chow diet (P < O.OOl), as shown in Fig. 
2B. Synthesis activity was 1.6 times higher in 
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FIG. 2. Effects of L-histidine supplementation on the 
rate of the conversion of [2-'4C]mevalonate to the non- 
saponifiable (A) and digitonin-precipitable (€3) fraction 
in the 50Wg supernatant solution of liver homogenates 
of rats maintained in different nutritional states de- 
scribed in Fig. 1. Vertical bars represent standard devia- 
tions with four rats in each group. 

rats which were refed the fat-free diet than in 
the continuously fed control (P < 0.05). His- 
tidine supplementation to a fat-free diet did 
not cause any significant increase over the 
matched control. 

Discussion. L-histidine or a histidine metab- 
olite effectively stimulates sterol synthesis in 
rats when added to chow diet. The marked 
increase (seven- to ninefold) in the incorpo- 
ration rate of labeled substrates into both 
NSF and DPF in this study is considerably 
greater than the increase in plasma choles- 
terol (30% over normal) which occurred in 
another histidine supplement study (4). A 
simultaneous increase in the degradation of 
cholesterol in the liver may be responsible for 
this disparity. 

Cholesterol synthesis varies diurnally (9, 
10); however, none of the enzyme activity 
that converts mevalonate to squalene does 
(1 1). In this investigation, sterol synthesis 
from either acetate or mevalonate at the high 

point of the day was 1.3-1.6 times greater 
than at the low point. 

Under a variety of experimental conditions 
which reduce the conversion rate of acetate 
to cholesterol, the conversion rate of meva- 
lonate to cholesterol does not change or 
changes much less dramatically than that of 
acetate (7, 14). However, in the case of stim- 
ulation of sterol biosynthesis by histidine, a 
similar rate increase was obtained when 
either acetate or mevalonate was used as the 
labeled substrate. The result suggests that 
histidine probably has a significant effect on 
an enzyme or enzymes in the synthesizing 
pathway between mevalonic acid and choles- 
terol. It will be interesting to investigate the 
activities of these enzymes in future studies. 

Refeeding of either a chow or fat-free diet 
did not cause a marked change in sterol and 
squalene synthesis (1.2- to 1.8-fold increase 
over controls). This agrees with results ob- 
tained by Craig et aL (8) which show that the 
cholesterol synthesis activity rises from fast- 
ing levels to normal levels within three days 
after refeeding either chow or fat-free diet. 
Histidine supplementation to the fat-free diet 
did not cause a substantial change in the rate 
of sterol and squalene synthesis from acetate. 
This contrasts with the marked increase in 
sterol and squalene synthesis in the histidine- 
treated chow fed group. 

The livers from rats fed fat-free diets, re- 
gardless of histidine treatment, were deep 
yellow due to fat accumulation. This proba- 
bly resulted from a higher rate of fatty acid 
synthesis. If this is true, acetyl-CoA, a com- 
mon precursor for these two divergent path- 
ways (cholesterol and fatty acid synthesis), 
could be exhausted from an endogenous pool 
with long-term feeding, thus impeding histi- 
dine's stimulation of cholesterol synthesis 
from acetate in rats fed a fat-free diet. How- 
ever, the conversion rate of mevalonate into 
sterols and squalene in rats which were fed a 
longterm fat-free diet also did not change 
when histidine was added to their diet. This 
result might not be anticipated if the absence 
of acetyl-CoA accounted solely for the lack 
of a histidine effect in rats fed a fat-free diet. 
The next step in the study of these processes 
will be to measure the actual activities of the 
specific enzymes, such as P-hydroxy-P-meth- 
ylglutaryl CoA reductase and fatty acid syn- 
t hetase. 
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Summary. A diet supplemented 5% with 
L-histidine induces hypercholesterolemia in 
rats. To examine the mechanism involved, 
L-histidine was added to either a chow or fat- 
free diet and fed to rats for 18 days. After 2 
days of fasting, the rats were refed the same 
diet for three days. There was a ninefold 
increase in the incorporation of [‘“C] acetate 
into the nonsaponifiable fraction in the 5,- 
OOOg hepatic fraction of histidine-supple- 
mented chow-fed rats compared to controls. 
The increase in the incorporation of the la- 
beled substrate into the digitonin-precipitable 
fraction was seven- to eightfold. The incor- 
poration of [ 14C]mevalonate was increased by 
sevenfold in both the nonsaponifiable and 
digitonin-precipitable fractions. Longterm 
histidine supplementation to fat-free diet did 
not affect the incorporation of either [‘“C] 
acetate or [‘“C] mevalonate into these frac- 
tions. 
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