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PROGRFSS %PORT 
Work i n  th reea reas  of research is covered i n  t h i s  report .  

1. Dietary Pro te in  and U r i c  Acid Xetabolism i n  Normal Ifan* 

A. Uric ac id  pool s i z e  and turnover 

Increasing d i e t a ry  pro te in  in take  has been reported t o  raise urinary 

u r i c  acid excretion i n  humans. 

sh ip  between d i e t a ry  pro te in  in take  and u r i c  acid excretion was shown with 

s t r i c t l y  purine-free, formula d i e t s  containing up t o  96 g nitrogen per day. 

The increased u r i c  ac id  produced by t h e  very h igh  protein d i e t s  could have 

r e f l ec t ed  s imi l a r ly  increased -- de novo purine synthesis. However, enhanced 

rena l  elimination might have been a contributing f ac to r  s ince  blood u r i c  

ac id  l eve l s  were not  elevated. To determine the causes of t he  increased 

u r i c  ac id  excretion produced by r a i s i n g  the  pro te in  intake,  u r i c  ac id  

miscible pool and turnover rate were measured with l5FT labeled u r i c  ac id  

i n  men fed d i e t s  containing no protein,  about 390 g of pro te in ,  and 80 g 

of pro te in  with o r  without added yeas t  r ibonucleic  ac id  (RNA). The high 

pro te in  and RXA l eve l s  w e r e  se lec ted  t o  produce the same urinary u r i c  

ac id  excretion on the bas i s  of r e s u l t s  from previous experiments. 

In  our laboratory, a d i r e c t  re la t ion-  

The pro te ins  from egg white i n  the  cont ro l  d i e t  and from a mixture 

of egg white, soy prote in ,  and casein (1:2:2) i n  the  high pro te in  d i e t  

were incorporated i n t o  l i q u i d  formulas containing carbohydrate, f a t ,  and 

macrominerals. Since the mineral composition of the d i f f e ren t  pro te in  

sources var ied,  sa l ts  were added t o  the protein-free and cont ro l  formulas 

t o  match the mineral content of the  high pro te in  formula which was adjusted 

t o  maintain ur ine  pH nearly a lka l ine  and promote so lu t ion  of u r i c  acid. 

The s u l f u r  content of the d i e t s  w a s  not  equalized because of t he  laxa t ive  

proper t ies  of most s u l f a t e  salts. 

quan t i t i e s  reported previously were given i n  capsule form. Each bas ic  

formula contained 2400 ca lo r i e s  bu t  the men with higher requirements 

received a l i q u i d  c a l o r i c  supplement t o  maintain t h e i r  weights. Six 

healthy male volunteers pa r t i c ipa t ed  i n  the experiment during 9 weeks of 

confinement t o  our metabolic uni t .  

Vitamins and trace minerals i n  the  

a'C Abridged fro.1 "T)i.etary proteir ,  l e v e l  and u r i c  ac id  metabolism i n  normal man." 
3. i'lutr. 100: 249-261, 1970. 
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Analyses were performed on da i ly  ur ine samples throughout the  e n t i r e  

experiment f o r  t o t a l  nitrogen by the  micro-Kjeldahl method, u r i c  ac id  by an 

enzymatic-spectrophotometric method, and c rea t in ine  by the  automated alka- 

l i n e  p i c r a t e  method. During the  latter half  of each period, analyses t?ere 

made of 3-day pools f o r  urea nitrogen by the  automated carbamido-diacetyl 

reaction. 

se lec ted  days with H C l  used as preservat ive.  

of ind iv idua l  amino ac ids  w a s  made by thin-layer chromatography on cellu- 

lose  p l a t e s  using diethylamine, n-butanol, acetoneg and water (6:30:30:15) 

f o r  the  f i r s t  dimension (two times) and formic ac id ,  sec-butanol, and water 

(1:6:2) f o r  the second dimension. 

Total  alpha amino nitrogen and ammonia were determined on 

A rough quant i ta t ive  estimate 

Fasting samples of blood serum taken on the  last day of each metabolic 

period w e r e  assayed by standard automated procedures f o r  creatinine, urea 

nitrogen, u r i c  acid,  and glucose. During the second half  of each period, 

severa l  addi t iona l  f a s t i n g  samples w e r e  analyzed f o r  u r i c  ac id  and creati- 

nine. 

Once each metabolic period, some of the  men received intravenously 

u r i c  ac id  Uric acid infusions l a s t i n g  10 t o  

20 min were s t a r t e d  i n  the morning with the  men f a s t i n g  i n  periods 1 and 4 

and 2 h r s  a f t e r  breakfast  i n  periods 2 and 3. 

5% glucose so lu t ion  and a second blood sample taken from the  o ther  arm 
exact ly  10 min a f t e r  completing the infusion.  

(95 t o  99% enriched). 

The I . V .  was flushed with 

Urine was col lec ted  i n  12-hr 

periods f o r  2 days a f t e r  i n j ec t ing  u r i c  

3 days i n  period 4 .  Miscible pool s i z e  

from the  equation A = a(--1) where A = 

in jec ted ,  Io  = concentration of isotope 

t i on  of isotope in jec ted .  

Ii  
Io  

ac id  i n  periods 1 through 3 and f o r  

and turnover rate were calculated 

miscible pool, a = dose of u r i c  acid 

a t  zero time, a.nd I i  = concentra- 

Urine volume (weight) averaged 2250 t o  2450 g per day on the  protein- 

f r e e  and cont ro l  d i e t s  and increased t o  3640 g per day with the  high pro te in  

d i e t .  I n  period 4 (RNA feeding), when f l u i d  in take  was increased Fntention- 

a l l y  t o  avoid p rec ip i t a t ion  of u r i c  acid,  mean ur ine weight w a s  2650 p per  

day. 

the  experiment. 

and 864 mOsm pe r  day on the  protein-free, control ,  and RNA d i e t s ,  respec- 

t i ve ly ,  and increased t o  2455 mOsm with the  high pro te in  d i e t .  Urine DH 

was i n  the  7.0 t o  7.5 range on the protein-free, cont ro l ,  and REA d i e t s  

and f e l l  about one u n i t  with the  hiEh pro te in  d i e t .  

Mean s p e c i f i c  gravi ty  w a s  i n  t he  range of 1,008 to  1.014 throughout 

Urinary t o t a l  so lu t e  excretion averaged 604, 842, 
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Table 1 gives the  urinary excretion of a l l  nitrogenous compounds 

determined. Daily output of the  three  compounds usually varied together ,  

ind ica t ing  f luc tua t ion  i n  24-hr ur ine production o r  sample co l l ec t ion  and 

preparation r a the r  than ana ly t i ca l  e r ro r .  Except f o r  c rea t in ine ,  a l l  

urinary nitrogen compounds varied d i r e c t l y  with the  protein in take ,  with the  

major changes occurring i n  urea. Excretion of t o t a l  alpha amino nitrogen 

was low on the  protein-free and control  d i e t s  but rose 2.5 t i m e s  when the 

pro te in  in take  was increased 5 times. The elevated alpha amino nitrogen w a s  

mainly due t o  increased excretion of a lanine,  glycine, s e r ine ,  glutamine, 

alpha amino i sobutyr ic  acid,  h i s t i d ine ,  and methyl h i s t i d i n e  while taur ine  

and cyst ine excretion decreased. Urinary ammonia nitrogen w a s  c losely cor- 

r e l a t ed  with pro te in  in take  and always accounted f o r  22 of urinary nitrogen 

output. 

Urinary u r i c  acid decreased s l i g h t l y  and blood u r i c  acid rose s l i g h t l v  

on the  protein-free d i e t ,  while the high pro te in  d i e t  elevated urinary u r i c  

acid 2.5 t i m e s  above the  cont ro l  period without influencing serum levels. 

The e leva t ion  i n  urinary u r i c  acid produced by a 5-fold increase i n  pro te in  

in take  was  the  same as t h a t  produced by adding 4 g yeas t  RNA per  day t o  the  

cont ro l  d i e t .  However, RJA feeding increased t h e  serum u r i c  ac id  level i n  

four  subjec ts  by 2.5 t o  4.5 mg per 100 m l  and i n  one man by 6.8  mg per  100 ml. 

Clearances of c r ea t in ine  and u r i c  acid were calculated from 24-hr ur ine 

and f a s t i n g  blood values. Creatinine clearance (C ) averaged 90, 96, 110, 

and 96 m l  per min on the protein-free, cont ro l ,  high pro te in ,  and RNA d i e t s ,  

respect ively.  Although clearance changes were not l a rge9  they w e r e  observed 

cons is ten t ly  i n  a l l  subjects .  Uric acid clearance (C ) increased from a 

cont ro l  mean value of 5 m l  per  min t o  8 m l  per min with RNA feeding and t o  

14.5 m l  per min on the  high pro te in  d i e t .  

ance as an estimate of glomerular f i l t r a t i o n  rate, the  u r i c  acid f i l t r a t i o n  

rate (Fur) defined as Ccr x Pur was s iui lar  (5.0 and 5.8 mg per  min) on the  

cont ro l  and high pro te in  d i e t s .  

i n  e i t h e r  reabsorption o r  secre t ion  of u r i c  ac id ,  w e  p re fe r  t h e  t e r m  "net 

r ena l  re ten t ion ,"  defined as (Fur - U 

rena l  re ten t ion  of u r i c  acid was only 86% of the  f i l t e r e d  load on the  high 

pro te in  d i e t ,  compared t o  a range of 94 t o  96% of the  f i l t e r e d  load on the  

protein-free and cont ro l  d i e t s .  

averaged 91% of an 8.2 mg D e r  min f i l t e r e d  load. 

cr 

u r  

Using endogenous c rea t in ine  clear-  

Since clearance changes may be due t o  changes 

V>, t o  "apparent reabsorption." 3Tet u r  

The ne t  u ra t e  re ten t ion  on the  WA d i e t  
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Data on u r i c  ac id  turnover and miscible pool f o r  a l l  men are given i n  

Table 2. The r e s u l t s  show considerable individual  var ia t ion  but t he  inf lu-  

ence of each d ie ta ry  treatment i s  defined extremely w e l l .  
a c id  pools of 767, 1060, and 1485 mg found w i t h  t h e  control  diet  agree with 
the  mean of 1220 mg obtained from published values on normal subjec ts .  The 

high pro te in  d i e t  produced no change i n  u ra t e  pool s i z e  while ingest ion of 
4 g RNA per  day doubled it. 

r e l a t i n g  log e 
pro te in  d i e t  and increased only very s l i g h t l y  by feeding RPlTA compared t o  t h e  

control  d i e t .  

t o  1 .9  days on both 13 g W diets  t o  a range of 0.74 t o  0.99 days on t h e  high 
pro te in  diet .  

Miscible u r i c  

Uric ac id  turnover rate ( t h e  slope of t h e  l i n e  

isotope excretion and time) wak doubled by feeding a high 

Consequently, turnover t i m e  w a s  reduced from a range of 1 . 5  

The percentages of the  da i ly  u r i c  acid turnover excreted i n  ur ine  w e r e  

46 t o  78% on the  control  d i e t ,  68 t o  75% on t h e  RNA d i e t ,  and 73 t o  90% on 

the  high pro te in  d i e t .  The ac tua l  amount of u r i c  ac id  which escaped rena l  

elimination, i .e .  t h e  difference between da i ly  turnover and urinary excre- 

t i o n ,  w a s  similar (100 t o  300 mg per  day) on the  control  and high pro te in  

diets and probably represents b a c t e r i a l  degradation. This value increased 

t o  a range of 357 t o  527 mg per  day with RNA feeding, i n  proportion t o  

individual  differences i n  expansion of urate pool s i z e .  
Thus, according t c  our isotope s tud ie s ,  t he  i d e n t i c a l  u r i c  ac id  excre- 

t i o n  (1000 t o  1200 mg per  day) produced by feeding e i t h e r  62 g N or 4 g RNA 

arose by d i f fe ren t  mechanisms. 

RNA t o  the  cont ro l  d i e t  expanded the  miscible u ra t e  pool and elevsted serum 

u r i c  ac id  but caused r e l a t i v e l y  s m a l l  increases (15 t o  25%) i n  u r i c  acid 

turnover rate. On t h e  other  hand, t h e  increased ur inary u r i c  acid observed 
with the  high pro te in  d i e t  w a s  t he  result of a 2-fold increase i n  turnover 

rate and no change i n  pool s i z e .  

We observed consis tent ly  t h a t  addi t ion of 

Renal excretion of u r i c  acid i s  the  result of reabsorption of a l a rge  
proportion (possibly 100%) of t h e  f i l t e r e d  load and tubular  secre t ion  of a 

small amount of t h a t  reabsorbed. I n  the  present study, a d r a s t i c  e levat ion 

i n  pro te in  intake and amino acid catabolism was accompanied by increases  i n  

ur ine volume, so lu t e  load,  and crea t in ine  clearance.  Using crea t in ine  

clearance as a measure of GFR and ca lcu la t ing  the  f i l t e r e d  load and ne t  

rena l  re ten t ion  of u r i c  ac id ,  it appears t h a t  some consequence of t he  high 

pro te in  d i e t  caused r ena l  elimination of' a higher proportion of the  f i l t e r e d  

u r i c  acid.  The high pro te in  d i e t  increased excretion of free amino acids 
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which are ac t ive ly  reabsorbed, and it is possible tha t  some amino acids 

competed more favorably than ur ic  acid f o r  reabsorption. Tubular secret ion 
is  known t o  be reduced i n  the  presence of s t ruc tu ra l ly  diss imilar  compounds 

such as l a c t a t e ,  betahydroxy butyrate ,  and pyrazinamtde, but  no information 
is  avai lable  on u r i c  acid secret ion.  

D i e t a r y  proteins  and t h e i r  metabolites could a l so  a f f ec t  u r i c  ac id  

production by a l t e r i n g  the  concentrations of substrates f o r  purine synthesis 

and by influencing feedback controls on metabolism of purine-containing com- 

pounds. Evidence for regulation of purine biosynthesis by feedback inhibi-  

to ry  mechanisms has been obtained d i r ec t ly  from bac ter ia  and from mammalian 

t i s sue  s tudied i n  v i t r o  and ind i r ec t ly  from human s tudies .  Adenosine mono- 
phosphate (AMP) and guanosine monophosphate (G?l’) a r i s ing  e i t h e r  -_I_ de novo 
o r  from degradation of nucleic acids ,  t r inuc leo t ides  and dinucleotides,  

control  t h e i r  own synthet ic  r a t e  a t  the  phosphoribosyfpyrophosphate (PRPP) 
amidotmmferase s t ep ,  i n i t i a t i n g  purine r i n g  formation, as w e l l  as by 
inh ib i t i ng  conversion of inosine monophosphate ( IMP)  t o  adenine and guanine 
mononucleotides. 

-- 

A rapid r a t e  of purine synthesis requires  a l a rge  i n t r a c e l l u l a r  glycine 

supply, but it seems unlikely tha t  an increased d ie ta ry  glycine intake would 

s t imulate  purine production. 

w a s  10 g per day, only s l i g h t l y  more than t h e  dosage (100 mg per  kg body 
weight 

increases  i n  urinary u r i c  ac id  excretion. 

synthet ic  pathway beyond the  rate- l imit ing s tep ,  a deficiency but not an 
excess of t h i s  amino ac id  might influence the  reaction. 

does pa r t i c ipa t e  i n  the sate- l imit ing react ion of purine synthesis ,  but 
regulation seems t o  depend on inh ib i t ion  by end-products r a the r  than by sub- 
strates present p r i o r  t o  completing t h e  purine r ing.  I n  the  absence of 

extensive information on control  of  purine metabolism i n  humans, the  impor- 

tance of glutamine should not be discounted. 

On the high pro te in  diet ,  t h e  glycine intake 

comonly fed i n  isotope incorporation s tudies  without demonstrable 
Since glycine en ters  t h e  purine 

Glutamine, however, 

Several human s tudies  have indicated that purine metabolism is  respon- 

s ive  t o  exogenous as wel l  as endogenous sources of  key compounds. 

present study, d ie ta ry  RNA should have provided mononucleotides f o r  suppres- 

s ing de novo purine synthesis.  

on u r i c  acid excretion i s  d i f f i c u l t  because an unknown quant i ty  of u r i c  

ac id  is  degraded by i n t e s t i n a l  bac te r ia .  

over data, it did not appear as i f  the  production of u r i c  ac id  from 

I n  the  

Evaluation of t he  extent of suppression based 

However, on the bas i s  of the turn- 
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endogenous precursors was reduced. 
u r i c  acid per  day i s  produced with a 75 t o  80 g protein,  purine-free d i e t .  

Assuming tha t  each gram of RNA can be degraded t o  a maximum of 175 mg u r i c  
acid,  4 g R8A should have given rise t o  TOO mg u r i c  acid. If there  were no 

suppression of de novo purine synthesis by exogenous RMA, t o t a l  da i ly  u ra t e  
production would have been 1300 t o  1400 mg. 

RNA supplement ac tua l ly  produced 1400 t o  1600 mg u r i c  acid (Table 21, w i t h  

about 1000 mg appearing i n  the  ur ine,  does not support a concept of i nh ib i -  

t i o n  of purine synthesis by exogenous nucleic acid. 

p ro te in  could stress a number of homeostatic mechanisms including regula- 

t i o n  of purine metabolism. 
bo l i c  and gluconeogenic enzymes increase w i t h  increased pro te in  intake.  

Regardless of whether ATP i s  a co-factor fo r  a react ion such as urea forma- 

t i on ,  both ATP and GTP a re  required for prote in  synthesis.  

of enzymes 
rates of non-enzymatic proteins  would increase c e l l u l a r  e n e r a  requirements. 

Many react ions produce AMP-enzyme complexes, making less AMP avai lable  f o r  

feedback cont ro l  and retarding ATP synthesis.  
t i o n  or AMP supply theo re t i ca l ly  should diminish the  po ten t i a l  for control 

over nucleotide production and subsequent degradation. 

Our r e s u l t s  showed tha t  600 t o  700 mg 

The fact  t h a t  t h e  men on the  

It seems reasonable t h a t  ingest ing an unusually l a rge  quant i ty  Of 

I n  rats, the  a c t i v i t i e s  of many amino ac id  cata- 

The Synthesis 

of pro te in  metabolism as well  as possible increases i n  turnover 

Reducing e i t h e r  ATP concentra- 

Feeding a high pro te in  d i e t  presented a number of a l te rna t ives  which 
may have acted independently or i n  concert t o  produce adequate subs t ra te  

for increased u r i c  acid production and t o  re lax  controls on purine degrada- 

t i on .  Regardless of t he  underlying mechanisms, w e  have shown t h a t  t he  
regulation of purine metabolism i s  in t e r r e l a t ed  very strongly w i t h  t he  

nu t r i t i ona l  environment of t he  organism. 

B. Urea- and glucose-induced d iures i s  
1__1--- 

A shor t  experiment was performed with four men t o  determine the  e f fec t  

of water diuresis associated w i t h  a high pro te in  d i e t  on u r i c  acid excre- 

t i on .  Men receiving a low protein d i e t  ( 6  g N per day) were given, 



intravenously, 4 liters of so lu t ions  containing e i t h e r  5% glucose o r  5% 
glucose plus  160 g urea over 1 2  h r  periods on 4 days. The quantity of urea 

and magnitude of d iu re s i s  were se lec ted  t o  match r e s u l t s  obtained i n  a pre- 

vious study when the men received 96 g pro te in  per  day. 

Both the glucose and glucose p lus  urea infusions increased da i ly  ur ine 

volume from about 2400 m l  t o  5 t o  6 liters. Uric ac id  excretion w a s  no t  

a f fec ted  by glucose excretion, i , e .  by d iu res i s  -- per  se and w a s  a f fec ted  only 

s l i g h t l y  when a urea load was a l s o  imposed. 

urea nitrogen, u r i c  ac id  excretion w a s  increased approximately 100 mg per 

day over t he  preinfusion mean value of 350 mg. 

Mith administration of 75 g 

This study ind ica tes  t h a t  elevated blood and urinary urea concentra- 

t ions  may enhance r ena l  u r i c  ac id  output. 

w a s  no t  l a rge  (less than 30%) although ur ine volume w a s  greater than i n  the  

long-term study (Part  A) .  

a high pro te in  d i e t ,  i n  cont ras t  t o  urea loading, the  t o t a l  u ra t e  burden t o  

the kidney w a s  increased by about 700 mg per  day and a urea e f f e c t  may have 

been quant i ta t ive ly  more important. How urea, which is eliminated by pas- 

sive diffusion,  could a f f e c t  e i t h e r  reabsorption o r  secre t ion  of u r i c  ac id  

is  not  clear. 

The increase i n  urinary u r i c  ac id  

However, with u r i c  ac id  formation stimulated by 

C. Suppression of u r i c  ac id  formation from d ie t a ry  nucleic acid with 
allopurinol* 

The high levels of serum and urinary u r i c  ac id  found i n  gout and some 

o ther  diseases  can be reduced by a l lopur inol ,  a hvpoxanthine analog, which 

i n h i b i t s  xanthine oxidase. The block i n  u r i c  ac id  formatdon causes 

increased excretion of hypoxanthine and xanthine; but, since a l lopur inol  

*Abridged from the paper of the same t i t l e ,  Am. J. Clin. Nutr. 22: 1426-1428, - - - -  
1969. 
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a l s o  has a feedback inh ib i tory  ac t ion  on the  i n i t i a l  s t ep  of purine synthesis ,  

the  reduction i n  u r i c  acid output exceeds the increased excret ion of its 
precursors. Thus, a l lopur inol  is used e f f ec t ive ly  t o  cont ro l  u r i c  acid 

l eve l s  i n  blood and ur ine  i n  diseases where metabolic defects  enhance 

endogenous purine synthesis .  

Urinary and serum u r i c  acid l eve l s  are elevated a l so  by exogenous 

purines. 

the "single-cell  p ro te in  sources" (algae, bac t e r i a ,  yeasts)  being considered 

f o r  bioregenerative space systems and might cons t i t u t e  a bar t o  t h e i r  use as 
food f o r  the  crew. We w e r e  l ed  therefore  to  inqui re  i f  a l lopur inol  would 

l i m i t  the  formation of u r i c  ac id  from die ta ry  precursor r ibonucleic  acid.  

These occur i n  small amounts i n  normal d i e t s  but are abundant i n  

Six healthy men received i n  four equal meals a formula containing 8 g 

yeast  r ibonucleic  ac id  (RNA) and 50 8 casein per  day and n u t r i t i o n a l  supple- 

ments as reported previously. 
da i ly  on the  days indicated i n  Table 3 and Figure 1. 

and received RNA but no drug. 

Four subjec ts  received 100 mg a l lopur inol  
Two men w e r e  controls  

Daily 24-hr ur ine  co l lec t ions  and f a s t ing  blood serum taken every t h i r d  

day were assayed f o r  u r i c  ac id  by the  phosphotungstate reduction method using 
a Technicon Autoanalyzer. 

ing  t o  a revis ion of the  enzymatic-spectrophotometric method for u r i c  acid.  

I n  previous experiments i n  t h i s  laboratory,  a 50-g casein d i e t  without 

Urinary hypoxanthine 3. xanthine was assayed accord- 

yeast  RNA produced a urinary u r i c  acid excret ion of about 400 m e  per  day with 

serum u r i c  acid i n  the  4 to 6 mg per  100 m l  range. 
Figure 1, addi t ion  of 8 g yeast  RNA da i ly  t o  the purine-free d i e t  gave 3- t o  

5-fold increases  i n  urinary u r i c  acid and 2- t o  3-fold increases  i n  serum 

u r i c  ac id  over values obtained with a 50-g prote in ,  purine-free d i e t .  

100 mg per  day of a l lopur inol  w a s  given to  men receiving 8 g yeas t  RNA, serum 

u r i c  ac id  approached the  high normal range, 6 t o  8 mg per  100 ml, and urinary 

excret ion was reduced to  700 t o  900 mg u r i c  acid per  24 hrs  (Table 3). During 
a l lopur inol  treatment, urinary hypoxanthine + xanthine excretion was increased 

from 10 mg per 24 hrs  t o  about 500 mg per 24 hrs .  

urinary data  are given f o r  two subjects ,  shows an immediate r ise i n  hypo- 

xanthine + xanthine excret ion and a s l i g h t l y  slower decline i n  u r i c  acid 

excret ion during continued administration of a l lopurinol .  Fasting blood 

serum taken 2 days a f t e r  i n i t i a t i n g  a l lopur inol  treatment a l s o  indicated the 

suppression of u r i c  acid formation. 

imately 2 days were required f o r  the  drug e f f e c t  t o  wear off  completely, 

As shown i n  Table 3 and 

Vhen 

Figure 1, i n  which da i ly  

After discontinuing a l lopur inol ,  approx- 
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& 'Zyloprim' brand a l lopur inol ,  100  mg/day. 

bUrine samples from days 1-3 and 4-6 were analyzed daily and reported as 3-day averages. 
C Yeast ribonucleic ac id ,  8 g/day. 

?Expressed as u r i c  ac id  equivalents. 

e 

Equivalents equal mg u r i c  ac id  formed from t o t a l  
hypoxanthine and xanthine. 

Sum of u r i c  acid and u r i c  acid equivalents derived from hypoxanthlne and xanthine. 
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according t o  the  urinary oxypurine data. 

returned t o  pre-treatment l eve l s  i n  2 days. 

Fasting serum u r i c  acid l eve l s  a l s o  

Total  oxypurine excret ion ( the  sum of ac tua l  u r i c  acid and hypoxanthine + 
xanthine expressed as u r i c  ac id  equivalents) by subjec ts  2 and 3 during the  

period of a l lopur inol  treatment was 300 t o  500 mg less than when the same sub- 
jects were untreated.  This suggests t ha t  even i n  the  presence of a la rge  

exogenous purine load al lopurinol  suppresses u r i c  acid formation from purines 

synthesized endogenously. However, the p o s s i b i l i t y  of increased excret ion of 
undetermined purine degradation products cannot be excluded. 



1 4  

Varihtiorl i a  Fast ing and Postprandial  Amino Acids of  Men Fed Adequate or 
Protein-Free Diets* 

This report  presents fas t ing  and postprandial  serum amino ac id  pa t te rns  

2. 

of healthy men fed prec ise  formula d i e t s  containing e i t h e r  an adequate 

amount or no protein.  

conducted i n  our metabolic u n i t  between 1965 and 1967. 

voluntary, a l l  males, i n  good heal th ,  between 20 and 39 years of age. 

weights ranged from 59.2 t o  105.6 kg and height from 168.0 t o  199.0 cm. 

Data presented here were compiled from s i x  s tud ies  
The subjects  were 

Body 
The 

men had similar exercise schedules, 

bo l i c  un i t  under supervised nursing 

Twenty-six subjects  received a 

nitrogen (cont ro l  d i e t ) .  Length of 

sampled ranged from one t o  84 days. 

were ambulatory and confined t o  a meta- 

care. 

d i e t  containing 12 g of egg white 

time t h e  d i e t  was given before blood was 
Sixteen subjects  were given a protein- 

free diet (containing between 0.51 and 0.83 g of nitrogen per day). 

been fed the  d i e t  f o r  periods ranging from one t o  18 days when blood samples 

were obtained. In  cases where more than one serum sample w a s  avai lable  from 

a given subject-treatment, t h e  average of the  values found i n  all of h i s  

samples was  used for subsequent comparisons between individuals  and d i e t s .  

They had 

The diets were consumed i n  four  equal feedings at about 8: 30 a.m. , 12: 30 
5:30, and 9:30 p.m. 

a f t e r  the las t  meal. 

protein-free d i e t  and from eight  during the  control  treatment. 

t i m e s  were 1-3 hrs a f t e r  the  subject  consumed e i t h e r  breakfast  or lunch. 

Fasting blood samples were drawn a t  7 :30  a .m. ,  10 h r s  

Postprandial  samples were taken from s i x  men f ed  the  

Collection 

Amino acids were measured i n  p i c r i c  ac id  ex t rac ts  of serum by ion- 

exchange chromatography on a Spinco-Beckmaa analyzer. 

reported because values were frequently below t h e  l e v e l  of r e l i a b l e  quant i f i -  

cat ion.  Results were evaluated s t a t j - s t i c a l l y  using the  paired t-test. Data 

a r e  tabulated f o r  

of paired data. 

were: 
vs fed, n = 8; protein-free,  f a s t i n g  vs fed ,  n = 6. 

Tryptophan is not 

e n t i r e  groups but inference i s  based on comparisons 
Paired comparisons avai lable  for the various subgroups 

control  vs. protein-free,  f a s t i n g  n = 13, fed n = 6; control ,  f a s t i n g  

I n  Table 4 are recorded f a s t ing  concentrations of t he  serum amino acids 

i n  13 d i f f e ren t  subjects  whose control  (12 g nitrogen) pa t te rns  were measured 

*Abridged from t h e  paper of the same t i t l e ,  Am. - - - -  J. Clin. Nutr. 22: 1.577-1583, 
1969 e 
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on more than one occasion. 

va r i a t ion  t h a t  ex i s t s  f o r  a l l  amino acids within a given subject .  

amino ac id  is outstandingly coilsistent , but deviations range from about 15% 
of t h e  mean value ( lys ine ,  h i s t i d i n e )  t o  100% (aspa r t i c  ac id ) .  

a s ing le  amino ac id  i s ,  t o  some extent., id iosyncrat ic .  

These r e s u l t s  i l l u s t r a t e  t he  high degree of 
No s ingle  

Variation i n  

For example, glycine 

varied considerably more i n  subject  0203 than i n  subject  0201. 

given i n  Table 4,  f o r  two o r  three  samples from a s ingle  subjec t ,  t h e  high 

and low values were f a i r l y  equally d is t r ibu ted  mong the samples. 

these values with corresponding data i n  Table 4 f o r  the e n t i r e  population 
s tudied (n  = 26),  it i s  evident t ha t  the var ia t ion  within an individual on 
the  control  diet  is  as great  as the  var ia t ion  w i t h i n  the population of s i m -  
i l a r l y  treated subjects .  

In  the  ranges 

Comparing 

Differences i n  plasma amino ac id  pa t te rns  dce t o  reduced d ie ta ry  pro te in  

allowance a r e  a l s o  seen i n  Table 4, even though var ia t ion  i s  equally l a rge  

among subjects  fed a protein-free d i e t  as the  control  d i e t .  Generally, the  

concentrations of e s sen t i a l  (and semi-essential) amino acids  were decreased 

with the protein-free d i e t ,  while l eve l s  of non-essential amino acids  fol-  

lowed no uniform di rec t iona l  change. 

the  most consis tent ,  t he  grea tes t  magnitudes of change i n  EAAs were i n  

leve ls  of threonine (-41%) and val ine (-40%). 

most (38%). 
Data on f a s t i n g  serum leve l s ,  avai lable  f o r  13 men given both control  and 

protein-free d i e t s ,  show t h a t  s t a t i s t i c a l l y  s ign i f i can t  differences were 

limited t o  seven amino acids:  

se r ine ,  c i t r u l l i n e  , leucine and phenylalanine (p = .05) .  

Although these were not necessar i ly  

O f  the  NEAA, alanine increased 

Less than 20% difference was seen i n  12 of the 20 amino acids .  

p ro l ine ,  methionine, and orni thine (p = .Ol> ; 

When subjects  were fed the  protein-free d i e t ,  i n  contrast  t o  t he  control  

d i e t ,  the  sum of EAA w a s  lower bn% the sum of NEAA was  about the  same and, 

therefore ,  disproportionately higher. 

lated from these data (Table 4) .  
white nitrogen, the  f a s t ing  ratio was 1..06+0.24, vh i l e  those fed the  protein- 

free d i e t  had a mean r a t i o  of 1.605.60. 
s e t s  d i f fe red  s ign i f i can t ly  due t o  d i e t  ( r a t i o s  1.16 and 1.91, p < ,001). 

Ratios of some HEAA t o  EAA w e r e  calcu- 

For a l l  subjects  vho received 1 2  g of  egg 

The r a t i o s  found i n  the  13 paried 

Table 5 shows that f a s t i n g  serum amino acids did not vary according t o  

length of time subjects  had ingested a constant d i e t  containing e i t h e r  12  g 

of egg white nitrogen or essen t i a l ly  no protein.  Duration of feeding p r i o r  

t o  sampling blood ranged from one t o  84 days for the  control  d i e t  and from 

one t o  18 days f o r  the protein-free d i e t .  Differences due t o  d i e t  were as 



Ta,ble5 17  

Variat ion i n  Fast ing Serum Free h i n o  Acids of Men Fed 

a Constant D i e t  f o r  Differ ing Lengths of Time (VM/liter) 



18 

evident after one day of feeding as a t  l a t e r  times. 

changes i n  pa t te rn  w i t h  prolonged duration of def ic ien t  d i e t ,  these were 

obscured by inter- individual  var ia t ion.  

i n  s m p l e s  obtained 2-3 hrs a f t e r  a protein-free meal than i n  conventional 
f a s t i n g  samples. 
n i f i can t  i n  paired sets of data (p < .05, n = 6) :  
a lanine,  se r ine ,  c i t r u l l i n e ,  p ro l ine ,  and orni thine.  

If there  a r e  continued 

Serum amino ac id  l eve l s  were consis tent ly  found t o  be lower (-7 t o  -57%) 

S t a t i s t i c a l l y ,  differences i n  seven amino acids  were s ig-  

methionine, leucine,  phenyl- 

When the meal contained one-fourth of the  day's pro te in  allowance ( 3  g 

egg whi t e  nitrogen) , th ree  amino acids  -- methionine , cyst ine,  and arginine -- 
were unchanged from f a s t i n g  leve ls  but  a l l  others  decreased. Meal-induced 

differences were s ign i f i caa t  f o r  t en  amino acids  ( leucine,  isoleucine,  se r ine ,  

tyrosine glycine alanine taur ine  , c i t r u l l i n e  orni thine and aspar t ic  a,cid). 

Thus, e i t h e r  there  was no elevation of' plasma amino acids due t o  pro te in  feed- 

ing or  it must have occurred e a r l i e r  than one hour a f t e r  a meal. 

Our measurements show t h a t ,  while a cha rac t e r i s t i c  pa t te rn  of amino acids 

may be present with a given d ie ta ry  nitrogen l e v e l ,  even under very closely 

control led conditions in t r a -  and inter- individual  var ia t ion  is about 15-25% of 
t he  mean concentration fo r  many amino acids and as high as 100% f o r  o thers ,  

Such deviat ion may r e f l e c t  t r ans i en t  events or cha rac t e r i s t i c  individual dif-  

ferences i n  amino ac id  u t i l i z a t i o n .  Some var ia t ion  is doubtless methodologic. 
Other inves t iga tors  have reported t h a t  f a s t i n g  plasma amino acids of 

chicMs and rats ape reduced by feeding a non-protein d i e t .  

simiiar reduction i n  serum f r e e  amino acids of men due t o  ingest ion of a 
p r o t x h f r e e  meal. 

o r  t o  increased amino acid r eu t i l i za t ion .  I n  contrast  t o  most published 

data, however, w e  found t h a t  serum amino acids  were not elevated 1-2 hrs 
after a protein-containing meal. 

signi3'icantly so i n  all cases. Our conditions w e r e  qui te  d i f f e ren t  from those 

of 6ther s tudies  c i t e d ,  i n  that  our subjects  were well conditioned t o  the  diet  

and the  test procedures, the tes t  meal contained a balanced nut r ien t  mixture 

and normal pro te in  l e v e l ,  and t h e  f a s t i n g  pa t te rns  were determined a f t e r  a 
period of  constant ingestion of t h e  exact same d i e t .  

O u r  data reveal  a 

This reduction could be due t o  decreased t i s s u e  breakdown 

The values ac tua l ly  were lower, though not 
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3. Characterization of Radioprotective Factor i n  Alfalfa 

Attempts t o  process alfalfa f r ac t ion  beyond the s teps  of  cold-water 

extract ion and freeze-drying have resu l ted  i n  subs tan t ia l  loss of radio- 

pro tec t ive  (FP) a c t i v i t y .  Ea r l i e r  s tudies  have shown RP fac to r  t o  be sensi-  

t i v e  t o  oxygen, and it i s  probable t h a t  oxidation occurs after the  f ac to r  is  

separated from the antioxidants na tura l ly  present i n  alfalfa. Antioxidants 

t h a t  have RP a c t i v i t y  f o r  rats, BHT and propylgal la te ,  were added t o  guinea 

p ig  d ie t  t o  determine i f  these could be used as processing addi t ives  duiing 

i so l a t ion  of RP fac tor .  

the  substances well. 

i n  t h e  d i e t  than w i t h  t he  bran-oats d i e t  alone. Addition of alfalfa both 

diminished rad ia t ion  s e n s i t i v i t : ~  and o f f se t  the  detrimental  e f f ec t  of  BHT. 

In  contrast  t o  t h e  ra t ,  guinea pigs did not t o l e r a t e  

Mortality was grea te r  a f t e r  i r r ad ia t ion  with 0.5% BHT 

A s h  of whole alfalfa improves response t o  rad ia t ion  but a mixture of Ca, 
Mg, N a ,  K, and C1 salts does not account f o r  t h e  e n t i r e  e f f ec t .  

pared from the water-soluble RP f r ac t ion  i s  not as ef fec t ive  as whole alfalfa 

ash. I n  i r r ad ia t ed  animals, t h e  e f f ec t s  of RP f rac t ion  and ash are addi t ive,  

ind ica t ing  t h a t  some mineral(s)  i s  def ic ien t  or imbalanced i n  t h e  basal d i e t  

and tha t  RP fac tor  i s  not an inorganic compound. 

Ash pre- 


