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A great deal of in teres t  has been shown in recent years in 
establ ishing the re lat ionship between nutr ient  def iciencies and 
hepatic drug metabolism i n  vx3t~o. The ef fect  of protein deficiency 
on drug metabolism has been reported by various workers (KATO et cc(~. 
1962, KATO e t a / .  1968, MCLEAN and MCLEAN 1966, WEATHERHOLTZ and 
WEBB 1971, MGBODILE and CAMPBELL 1972). 

The studies described herein were i n i t i a t e d  to invest igate 
drug metabolism in l i vers  of rats fed diets containing varying 
levels of amino acids. Two diets were used: the diet  containing 
an unsupplemented gluten was regarded as low in some amino acids, 
pr imar i ly ,  lys ine,  whereas the other d iet  containing gluten 
supplemented with f i ve  amino acids was considered su f f i c i en t  in 
most, i f  not a l l ,  of the essential amino acids for  rat growth. 

Materials and Methods 

Animals and d iet .  Male, weanling Sprague-Dawley derived rats 
were divided into two dietary groups. Group 1 was fed for  I0 days 
a diet  containing ( in percent): wheat gluten, 25; sucrose, 64.8; 
corn o i l ,  4; Jones-Foster Salt  Mixture, 4; and Vitamin Diet For t i -  
f i ca t ion  Mixture, 2.2. Group 2 was pair- fed a s imi lar  d iet  sup- 
plemented with the fol lowing amino acids ( in percent): L- lys ine 
HCI, 1.25; L-h is t id ine HCl, 0.25; DL-methionine, 0.25; DL-threonine, 
0.25 and DL-tryptophan, 0.06. The amounts of amino acids used were 
based on the studies of TAMPHAICHITR and BROQUIST (1973). 

Preparation o f  t issue samples. Af ter  I0 days of feeding, the 
animals were k i l l ed  by decapitat ion. The l i vers  were quickly ex- 
cised and 9000 x g supernatant f ract ions were prepared according 
to the method described by MGBODILE and CAMPBELL (1972). An 
al iquot of the 9000 x g supernatant was centrifuged at 105,000 x g 
to obtain microsomes. Both the protein of  9000 x g supernatant 
and microsomal protein were assayed by the method of LOWRY evt ~ .  
(1951). 

Enzyme assays. The reaction mixtures for  ethylmorphine and 
ani l ine metabolism consisted of the fol lowing components: 0.5 ml 
of 9000 x g l i v e r  supernatant (I g l i ve r /3  ml Tr is buf fer ) ,  6 
umoles of ethylmorphine HCl or an i l ine HCI, 30 ~moles of glucose- 
6-phosphate, 15 ~moles of MgCl 2 and su f f i c i en t  0.15 M Tris buf fer ,  
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pH 7.4, to make a f ina l  volume of 3 ml. The mixtures were in-  
cubated aerobical ly with shaking at 37 ~ C in a Dubnoff metabolic 
shaker for I0 or 15 minutes. The N-demethylation of ethylmorphine 
was determined by measuring the l iberated formaldehyde according 
to the method of NASH (1953) while the p-hydroxylat ion of an i l ine 
was determined by estimating the amount of p-aminophenol formed 
(GUARINO evt aZ. 1969). 

The a c t i v i t y  of cytochrome c reductase was determined by the 
method of OMURA and TAKESUE (1970). One tenth ml of  a microsomal 
suspension (12-15 mg protein/ml) was added to a cuvette containing 
3 umoles of KCN, 0.06 ~moles of oxidized heart cytochrome c, and 
su f f i c i en t  0.15 M Tris buf fer ,  pH 7.4, making a total  volume of 
3 ml. The mixture was then placed in a single beam spectrophotom- 
eter equipped with a Gi l ford cuvette selector and a Honeywell 
recorder. Af ter  adjusting the wave-length at 550 nm, the recorder 
was started with a chart speed of 4 inches per minute and then 
25 ul of  0.01M NADPH was added to the cuvette. The reductase 
a c t i v i t y  was calculated from the i n i t i a l  l inear  phase of the re- 
action using an ext inc t ion coef f i c ien t  of  21 mM-I cm-I (MASSEY 
1959) for  the difference in absorbance between reduced and 
oxidized cytochrome c. 

Results and Discussion 

The ef fect  of amino acid supplementation on body weight, 
l i ve r  weight; and l i ve r  proteins are presented in Table I .  Rats 
fed the supplemented gluten gained twice as much weight as those 
fed an equivalent amount of unsupplemented gluten d iet .  L iver 
weights were not affected by varying the amino acid composition 
of the diets. The protein of 9000 x g l i ve r  supernatants as well 
as microsomal protein was s i g n i f i c a n t l y  higher in the group fed 
the diet  supplemented with amino acids. 

Table 2 shows the rate of the i n  vZ~tro metabolism of ethyl-  
morphine and ani l ine.  Rats fed unsupplemented gluten had reduced 
a b i l i t y  to metabolize these 2 substrates. Supplementing gluten 
with 5 essential amino acids e l i c i t ed  a s ign i f i can t  increase in 
the metabolism of both ethylmorphine and an i l ine.  Thus, the en- 
hancing ef fect  of amino acids on drug metabolism is c lear ly ind i -  
cated. The increase in drug metabolism af ter  supplementing the 
diet  with amino acids indicates fur ther that i t  is nut r ient  
(amino acids) deficiency and not an i n h i b i t o r  possibly present 
in gluten that is responsible for  the lowered rate of ethylmor- 
phine and ani l ine metabolism in animals fed unsupplemented gluten 
d iet .  

The diminution of the i n  vx3tro metabolic rates per I00 g 
body weight may be accounted for by a reduction in microsomal 
enzyme protein and in part by a decrease in spec i f ic  a c t i v i t y  
( a c t i v i t y  per mg microsomal protein) of the enzymes. The reduc- 
t ion in spec i f ic  a c t i v i t y  could not be related to the ef fect  of 
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diet  on NADPH-cytochrome c reductase, one of the important com- 
ponents of the hepatic microsomal electron transport system for 
drug hydroxylations. NADPH-cytochrome c reductase a c t i v i t y  (per 
I00 g body weight) was not lowered by feeding unsupplemented gluten 
d iet  (Table 2). On a per mg microsomal protein basis, there was 
even a s ign i f i can t  increase in the reductase a c t i v i t y .  Some 
authors (KATO ~t o~Z. 1968, MGBODILE e>t ~ .  1973) found that the 
feeding of p ro te in-def ic ien t  diets produced a decrease in the 
reductase a c t i v i t y  whereas ANTHONY (1973) reported no a l terat ion 
of the enzyme a c t i v i t y  in prote in-ca lor ie  malnourished rats. 

TABLE 1 

Weight gain, food intake, l i v e r  weight and 
l i ve r  proteins of growing rats 

Parameter 

Dietary Group ..... 

Gluten Gluten + a.a. 1 P<O.052 

Weight gain, g3 
Food intake, g/lO days3 
Liver weight, g3 
Protein of 9000 x g 

supernatant, mg/g 4 
Microsgmal protein,  

mg/g ~ 

19.83 -+ 1.47 38.83 • 2.49 S 
80.67 • 3.16 79.19 • 2.86 NS 

3.46 _+ 0.12 3.61 • 0.15 NS 

59.3 _+ 1.32 75.7 • 2.68 S 

8.73 -+ 0.20 11.21 • 0.52 S 

IThe amino acids (a.a.)  are given in the tex t .  

2By Student t - t e s t .  S is s ign i f i can t  while NS is not s ign i f i can t .  

3Mean • SE of twelve animals. 

4Each value (mean • SE) represents 6 experiments, each with 2 rats 
whose l ivers were pooled together for  the analysis. 

The re la t ive  effects of feeding unsupplemented gluten and 
gluten supplemented with the " l im i t i ng "  amino acids on cytochrome 
P-450, cytochrome b 5 and phosphatidylcholine have not been deter- 
mined. I t  is possible that the overall  changes in drug metabolism 
seen upon amino acid supplementation of diets could be associated 
with a l tera t ion of these components of the microsomal electron 
transport system. 

S umma ry 

The ef fect  of dietary amino acids on hepatic drug metabolism 
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TABLE 2 

Effect of amino acid supplementation of gluten on EM metabolism, 
AN metabolism and NADPH-cytochrome c reductasel 

Dietary 9roup 

Parameter Gluten Gluten + a.a. 2 P<O.053 

EM metabolism, per 
I00 g body weight 4 
mg microsomal protein 5 

AN metabolism, 6 per 
I00 g body weight 
mg microsomal protein 

Cytochrome c reductase, 
per I00 g body weight7 
mg microsomal protein 8 

6.76 _+ 0.37 10.92 • 0.43 S 
154.8 • 6.6 240.1 • 21.3 S 

208.3 • 10.3 244.1 • 12.6 S 
4.77 • 0.18 5.30 • 0.21 S 

2.95 • 0 . I I  2.68 • 0.14 NS 
67.82 • 3.11 57.85 • 2.12 S 

IEach value (Mean • SE) represents s ix  experiments, each with 2 
rats whose l i vers  were pooled for  the enzyme assay. EM and AN 
metabolism was determined using 9000 x g l i v e r  supernatants. 
Cytochrome c reductase was assayed using microsomes. 

2The amino acids (a.a.)  used are given in the tex t .  This group 
was pai r - fed to the unsupplemented gluten group on an indiv idual  
basis. 

3By Student t - t e s t .  S is s ign i f i can t  while NS is not s ign i f i can t .  

41n ~mole/lO min. 

51n nmole/lO min. 

61n nmole/15 min. 

71n ~mole cytochrome c reduced/min. 

81n nmole cytochrome c reduced/min. 

in rat  l i v e r  preparations was studied. Supplementation of gluten 
with the essential amino acids, such as lys ine,  h i s t i d i ne ,  
methionine, threonine and tryptophan produced an increase in 
body weight, protein content of 9000 x 9 l i v e r  supernatant, 
microsomal protein and in the metabolism of ethylmorphine and 
ani l ine by 9000 x g l i v e r  supernatants. L iver  weight and 
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cytochrome c reductase act iv i ty  in l i ver  microsomes were not in- 
creased by feeding the gluten diet supplemented with the above 
amino acids. 
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