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· INTRODUCTION -
.. ! . 

The study covered in this report describes an investigation con­

ducted in the Nelda Childe.rs _Stark laboratory for Human Nutrition Re­

search, a component part of the .Texas Woman's University Research 

Institute. I~- this investigatio~, four-healthy male primates of the Ma­

caca nemestrina strain, generally referred to as pigtail monkeys, were 

used -in a study of nitrogen excretion changes during bed rest and during 

ambulation . 

Primates were chosen by the National Aeronautics and Space Ad-

-
ministration as test animals because of their physiological and anatomic 

resemblance to man. The major objective of this primate investigation _· 

has been the preparation of primates of the type chosen for space flight, 

thus adding more information to the investigation of space science . . · 

The existence of the weightless state in a space vehicle, and 

the lack of physical activity are expected to cause disturbances in the · 

metabolic pathways of various metabolites·, among them, nitrogen. 

The major objectives of this study have_ been the following: · 

1 . . To determine the effects of prolonged couch 

restraint on Macaca nemestrina as measured by urinary 

and feca 1 excretion of ·nitrogen~ 

. 1. 
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. 2 ~ · To increase knowledg·e about the normal physi- · 
. . .. . . .,, , . 

ology of primates of the Macaca nemestrina strain in- . 
~ . ; . . . 

·, 

· sofar as nitrogen is concerned, thus gaining information 

of help during space flight in the Biosatellite program. 
•• I • 

, , . 

Nitrogen also is a~ important~omponent of the human diet.be-

cause of its presence as a major element in protein .. 

The author's interest in the subject of nitrogen is evidenced by 

her selection o{ nitrogen as a topic for the research upon which this . 
. .. 

dissertation is based . . In her master's thesis, the author, as a former 

Agricultural Engineer in the United Arab Republic of Egypt has worked on 

possible methods of in1proving the quantity an:d quality of the protein in 

the Egyptian diet. Her Summary in this Master's thesis follows: 

"She has reviewed briefly the literat·ure of this subject in Ameri­

can and British scientific journals, and particularly has studied the 

publications of the United States D~partment of Agriculture with refer­

ence to family low-cost and moderate-cost dietary plans. On the basis 

of the latter she has devised a low_~cost and a moderate-cost dietary 

plan for Egyptian families, and has calculated the costs of the foods 

included in these plans in terms of Egyptian food prices as obtained 

from cornpiled Egyptian tables of food costs, as well as recent food cost 

· inforrnation obtained from Egyptian families who have shopped for food 

in representative stores in order to secure this information. 
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"It vVas discovered in· these studies that as fa mi lies progressed 

from the extremely low to higher income ·groups that p·eople with very 

little food increased cereal consumption as .. the first change; as the in- -

come increases, additiona 1 meat and fat replace some of the cereals; · 

further additions to the income lead to the consumption of a larger sup-

.-. .. 

ply of milk, fruit, and vegetables. · Thus, the protein needs are more 

a pt to be met if a family prospers . 

· ."From charts of the amino acid content of selected foods, as 

well as the family· low cost and moderate cost food plans, repr:esenta­

tive recom.mended menus have been designed for · Egyptian fa mi lies · 

which are complete in their nutritional proyision, including the ade­

quacy of their amino acid content . 

-. "Methods of supplementing Egyptian diets with animal and vege­

table foods which will amplify the diets with respect to amino acid con -

tent have been suggested . 

"The author found that through the supplementation of the ·vari­

ous diets with certain foods, they would be more adequate as to their 

an1ino acid content. Vegetable foods themselves may be used as sup­

plements if the choice of vegetables is sound. For instance, cotton­

seed floill is nearly tvvice as high in arginine as soya flour, and con--

. ta ins many of the essential amino acids. Also, a combination of cotton-

_ seed meal, peanut meal, Brazil nut meal, and corn meal would 
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supplement each other insofiir as amino acids are concerned·. _ This mix­

ture would greatly enrich white wheat flour, ·which is· low in lysine, 

n1ethionine, and tryptophan .. This combination of meals could supple­

ment corn meal vvhich is low in lysine and tryptophan, or -rice flour 

which is also low in the same amino acids, 

"The author expects to carry on nutrition work of this type in 

Egypt so that better balanced diets can be worked out which will come 

within the budgetary rneans of Egyptian families with low and m·oderately 

low income • 

. "She realizes that the population as a whole will need to be edu­

cated about the importance of good nutrition before the acceptance oJ 

nevv protein mixtures as human food is widespread. The .response has 

been poor up to the present time which is probably due to a lack of un­

derstanding of the nutritional value of these new foods, a lack of ex­

perience in recipe development, and a popular resistance to change in 

traditional foods. 11 



. . 

REVIEW Q_£ LITERA.TURE 

There has been a growing interest ~n nitrogen metabolism during 
,, 

conditions of immobilization, not only beca-use of its relation to space 

.. 

flight but also because continuous immobilization is associated .with 

illness. 

Canta row and Schepartz (1) stated that much of ·the information 

on the metabolism of proteins is measured frequently in terms of nitrogen 

excretion. Urir:ie is the major route of nitrogen excretion. Peca 1 nitro-. 

gen is not a major outcome of ingested protein. Its quantity varies, 

however, with the bulk of the diet and does not normally represent un­

absorbed dietary protein. 

From a study conducted by Murlin, Hayes, and Johnson (2), on 

the correlation between the biological value of protein and the percentage 

of nitrogen in the urine, it was found that, with a very poor protein in­

take, the amount of nitrogen appearing in the urine is greater proportion-

ately. 

Primates have been selected by the National Aeronautics and 

Space Administration for certain biologica 1 experiments which vvill be of 

aid to astronauts who are to perform space flights .• Harris, Moor, -and 
. . . 

Vvanner (3) have stated that, in selecting an animal species for research 

·s 
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in human nutrition, the animal should resemble the human being as 

closely as possible in metabolism, degradation, and excretion of nutri-

ents. 

Guinea pigs, rabbits, dogs, pigs, and rats have been used ex~ 

tensively in metabolic studies by many investigators. Wanner, Moor, 

Bronner, Pearson, and Harris (4), however, have presented evidence 

which indicates that none of ·these animals can compare with the monkey 

as substitutes for human beings in general studies of metabolism. 

Some Anirn.al Experiments on Nitrogen · 

Metabolis·m 

. A biostatistica 1 analysis of three experiments carried out by 
. . . 

Bock et al (5) to determine the nitrogen exchange in 114 growing Wistar­

ra rats fed a protein free diet sho\ved that endogenous losses of nitro­

gen into the urine and the intestines were iargely influenced by the 

liver weight of the animals, and the amount of dry substance ingested 

with the food . 

V/hen dogs and rats were placed on a protein-free diet by Alli­

son and Wannemacher (6), the urinary excretion of nitrogen per day de­

'crease_d rapidly during the first few days. After a loss of 8. 0 per cent 

. . 

of body nitrogen, the decrease in the rate of nitrogen excretion was re-

tarded until about 25 per cent of body nitrogen had been lost, after 
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which the urinary excretion of this element became rather constant. The 

nitrogen loss was attributed to the labile protein reserves of the body. 

Thus endogenous excretion of nitrogen could not ~e considered a con­

stant until the animals were severely depleted. The rats lost 50 per ·. 

cent of their body pr.oteins before they succumbed to the rigors of the 

protein-free diet . 

Van Zandt (7) reported on the effects of a new type of restraint 

garment on nitrogen metabolism of Macaca nemestrina primates. The 

data compiled in this study indicated that the loss of nitrogen during a 

restraint study was significantly higher than that during ambulation. 

Brooks (8) also reported on nitrogen losses in a study with Ma -

caca nemestrina primates . During the restraint period urinary nitrogen 

excretion was significantly higher than during the pre-restraint and 

post-restraint periods. This was consistent with the distinct losses of 

weight in the restraint ~nima ls during that period. 

Hoffman, Dozier, Mack, Hood, and Parrott (9) conducted a study 

on 11 primates , fed two diets which were similar in provision of calories, 

· but which differed in content of major nutrients • Two grouf)s of animals 

were put on the respe.ctive diets and were placed in restraint on couches 
. . 

for 35 days follo,Ned by 35 days of reconditioning. One group of ani-

mals on each of the diets served as non-restrained controls. There was 

a massive increase in urinary nitrogen excretion in both the restrained 
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dietary groups in1mediately after _restraint was imposed, consistent with 

an increase in body weight loss during this period. The level of excre­

tion began a descent after the second week, simultaneously with the 

increase in body weight change in the two groups. 

· ·. The Medico-Biologica 1 Station of the Academy of Medica 1 

Science USSR at Sukhumi has been in existence for a quarter of a cen~ 

tury (10). It has extensive facilities for experimentation with monkeys. 

In a Sukhumi experiment, three healthy _ monkeys were used. This study 

established the fact that the average quantity of urine excreted during 

24 hours by these primates amounted to 220-500 milliliters. The specif- -

ic gravity fluctuated between l, 002 and 1,010, while the pH as a rule 

was above pH 7. The quantity of nitrogen excreted during 24 hours in 

the urine ranged from 1.57 to 3.0 ·grams; that of ammonia was 45 to 166 

milligrams. The residual nitrogen varied from 18 to 42 milligrams. Be­

ca use of the close morpho-physiologica 1 re·semblance of monkey to man, 

the primate can, in a. number of cases, not only be valuable but irre­

placeable subjects for medical experiments -. 

A comprehensive review of literature on primates has been given 

by Varner (11) and by Al-Shawi (12), former graduate students at the 

.Texas Woman's University~ 



P LAN Q_£ P RO C E D U RE · 

GENERAL DESIGN Qf THE STUDY , . 

The study which is· reported in this thesis was conducted at the 

Nelda Childers Stark laboratory for Human Nutrition ~esearch of the · 

Texas Woman's University Research Institute under the sponsorship of 

the National Aeronautics and Space Administration. The data presented 

in this report were obtained from four healthy male primates of the 

Macaca nemestrina strain, generally referred to as pigtail monkeys. 

The entire study consisted of the three following periods: 

1. Period of Pre-Restraint (March 6 through April 28, 

· 1968). The animals remained in their metabolism 

cages during this period ·. 

2. Period of Restraint (April 29 through May 9, 1968). 

The animals were plac.ed on couches and were fed · 

by m·eans of forceps. At the end of this period two 

. of the four primates were sacrificed in order for two 

other graduate students to dissect their bones for 

the anal;sis of active 45ca, the animals having 

been injected with .radioactive calcium during the 

g · 



study in order that students of calcium metabolism 

might find th_e metabolic pathways of ca lei um. Also 

. it was desired by these investigators to find whether 

calcium was deposited in the bones. 

3. Period of Post-Bed Rest (May 10 through June 10, 

1968). During this period, the remc1ining two ani­

mals were kept in their metabolism cages. 

FEEDING METHOD 

The diet of the primates consisted of purina monkey chow and 

apples. The food was weighed in individual portions each morning . . 

If any food was not consumed before the next feeding, it Vvas weighed 

and subtracted from the daily intake. The animals ·w2-re given water 

10 

ad libitum. On the first day of restraint, the four -primates received an 

intravenous injection of 50 uc of radioactive 45ca as part of a study 

being conducted by twq other graduate students. 

COLLECTION Of EXCRETA 

Excreta were collected from primates in metabolism cages in the 

usual manner • . The urine was ·collected in bottles. During· the immobili­

zation ·period urine w~s collected from primates by means of urinary 

catheters. 
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The urine collections were kept on a daily basis, and were meas­

ured and stored in polyethylene bottles which were v'lashed with a 10 per 

cent hydrochloric acid solution. The samples w_ere refrigerated until 

they were used . · 

Nitrogen analyses were run on the urine and feces of the experi- . 

mental anirnals by the Micro-Kjeldahl method (13), the details which 

follow. 

REAGENTS: 

MICRO-KJELDAHL METHOD 

.£QR NITROGEN 

1 . Powdered potas siuffi sulfate, KzS04 (ammonia free). 

2. Concentrated sulfuric acid, c. p. H 2so4 , sp. gr. 1.84. 

3. Mercuric sulfate solution. · Add 12 ml of concentrated H2so4 

· to water, and make up to 100 ml with water. Dissolve 10 g 

of red mercuric oxide in this solution. 

4. Zinc dust (not granulated zinc), ammonia-free.: 

· 5. Sodium hydroxide, approximately 1·0 N. Dissolve 400 g of 

Na OH in vVater and dilute to 1 liter. 
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· 6. Standard 71.4 millimolar ammonium chloride solution. Used . . 

for checking the micro-Kjeldahl distillation procedure. Dis­

solve 0.3820 g of NH4Cl, analytical .reagent grade, in wa- · 

ter and dilute to 100 ml. One ml contains 1 mg of nitrogen. - . 

7. Acetate buffer, 0 .2 M, pH 5. Dissolve 27 .22 g of sodium 

·· acetate in water and make up to I liter. Add 427 ml of 

. 0. 2 N acetic acid, (standardized by titration against 0 .1 N 

Na OH with phenolplthalein as an indicator). 

8. Alizarin red solution, 0 .1 % in water. 

9. 0. 01428 N (N/7 0) HzSO4. Prepare by diluting 14. 2 8 ml of 

1 N acid to 1000 ml with water. 

10. 0.01428 N. (N/70) NaOH solution. Store in a plastic contain­

er or a paraffin-lined bottle~ Protect against CO2 by a soda 

lime tube. Standardize the solution daily by titration 

.. a9ainst 10 ml portions of the 0. 01428 N Hz SO 4 , with the 

· same pH and volume. at the end point as is described below 

for titration of distilled ammonia. 

11. Boiling chips. Nortons Alundum chips, No. 14, black. 
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PROCEDURE: 

· Into a Pyrex glass tube 22 - 25 mm x 200 mm, measure 0.5 g of 

~zSO4 and the san1ple of unknown which contains 0 .2 - 2. 0 mg. of ni.:. 
. . 

. · • 

trogen (e • g. · 0. 1 ml of serum or urine). Then add O. 5 ml of the mer.:.. 

curie sulfate solution, 1. 0 ml of concentrated sulfuric acid, and 3 boil­

ing chips~ Boil mixture gently until the water is boiled off. Then ad­

just the heat so that the concentrated digest boils with very slight 

rnotion, This digestion continues ~or 30 minutes after the ·mixture has 

become entirely clear.· About_ 2 minutes afte_r complefion of the diges­

tion, but before the contents solidify, wash down the sides of the tube 

with 3 ml of water. Grease the lip of the digestio.n tube lightly with 

silicone grease to avoid loss dµring the .quantita_tive transfer to the dis -

.. 

tillation apparatus. Steam out the still for 30 minutes before each 

series of distillations. Transfer the contents of the digestion tube into 

the distillation flask with four portions of water·, approximately 2 ml 

. . 

each. Add 0. 2 g of zinc dust to the third .washing in the funnel of the 

distillation apparatus. Admit the mixture to the flask and follow with 

the fourth washing. De~iver 4 ·ml of 10 N NaOH into the distillation 

flask and distill into 10. 00 ml of 0-. _01428 N HzSO4, with the tip of the 

condensor belovv the surface of the acid. Distill ·enough liquid to in­

sure quantitative transfer of the ammonia to the standard acid. The 

volume of liquid which must be so transferred by .distillation will vary 

from on~ apparatus to another and should be predetermined for each 
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dis tilla tio; a ppa rat us by-tria 1· -rtins with the standard 71 • 0 millimolar 

. . 

ammonium chloride solution. (Use l ml' of standard a·nd run it like urine 

samples, should recover 1 •. 0 mg of nitrogen.) Then continue the dis -

tillation for 1 minute after the receivi;ng flask has been lowered so that: 

. ' 
~ . . . 

the tip of the condensor tube is above the surface of the standard acid . 

.To the distillate add 0.8 ml of 1% alizarine red indicator solution and 

ti trate with 0. 01428 N Na OH from a 10-ml buret until the color matches 

that of acetate buffer solution in a control flask. The volume of liquid · 

at the end of the titration should be nearly equal to that in the control . . 

flask. To prepare the control, measure into a 125-ml Erlenmeyer flask 

7 ml of 0.2 N acetate buffer, 63 ml of distilled water, and 0.8 ml of _ 

0 .1 % a lizarin red solution. A new control should be made up every "3 

days or more often if mold groV'.rth becomes visible therei;n. Blank analy-

ses are fun through the entire procedure. 

CALCUIATIONS: 

Milligrams nitrogen in sample analyzed equals (ml of O. 01428 N Na OH 

required to back-titrate the blank minus ml required to titrate distillate 

of unknown) multiplied by O. 2. 

PRLNCIPIE: 

Qrganic matter of the sample to be analyzed is oxidized by . 

heating it with sulfuric acid -in the presence of a catalyst. All com­

bined nitrogen in the sample is thereby convert~d to a mm.onium · sulfate 
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nitrogen. An excess of alkali is then added and the ammonia which is · 

thus liberated is distilled into acid solution. The ammonia is distilled 

into_an accurately measured small excess ;of sta·ndard ·H2so4 . The acid 

not neutralized by the ammonia is then titrated with standard Na OH. 

REFERENCE: : 

Standard Methods of Clinical Chemistry. Volume II, 1958, 

pa ge 9 1 · ( 1 3) • 



RESULTS OF THE STUDY 

EXCRETION Q.f NITROGEN 

. The data obtained on urinary and feca 1 nitrogen excretion are 

given in Tables I, ri, III, and IV for the .respective primates in this 

-

study. The data for the major periods of the study also appear in the 

four tables . 

Table V, Table VI, and Table VII show the statistical compari-

sons of urinary nitrogen excretion, fecal nitrogen excretion, and total 

nitrogen excretion, respectively, between different periods of the study 

for the four primates . The tables are presented in the Appendix. 

The nitrogen excretion ·for primates in this study changed from 

period to period as will be noted from the Tables just cited. 

URINARY NITROGEN EXCRETION 

Primate 239 

The mean urinary nitrogen excretion for Primate 239 was higher 

both for the Restraint and Post-Restraint Periods than during the Pre-

Restraint Period. The mean iii.crease in urinary nitrogen during Restraint 

was significantly higher (P< 0.05) than during the Pre-Restraint Period. 

16-
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The other comparisons v1ere non-significant, although the .mean for the 

Bed Rest, or Restraint Period vVas somewhat higher. See Table ·v. 

. . 

·All~in-all, the highest level of excretion by this animal occurred 

during the Bed Rest, or Restraint Period. See Table I. 

Primate 249 

Table II gives the quantity of total daily urinary nitrogen ex­

creted by Primate 249 during the Pre-Bed Rest, and the Bed Rest Periods. 

The daily average of urinary nitrogen excretion during Pre-Bed Rest was 

2,727 milligrams. During the Bed Rest Period, the daily average was 

2, 83'2 milligrams. This denotes an increase in urinary nitrogen excretion 

during Bed Rest, although this difference in values was not statistically 

significant. 

This animal was sacrificed at the end of the Restraint Period so 

that another graduate student could use certain of the bones in a radio-

active ca lei um experiment. 

Primate 419 

In contrast to Primate ~39, Primate 419 showed a g~eater differ-

. 
ence in urinary nitrogen excretion between the Pre-Restraint and the Re-

straint Periods. The average quantity of urine excreted by Primate 239 

was 2,491 milligrams during Pre-Bed Rest and 3,302 milligrams during 

Bed Rest, while for Primate 419, urinary nitrogen excretion was 1,965 



n1illigrams during Pre-Bed Rest1 and 31 756 milligrams during the Bed 
' .. 

Rest Periods . · See Table III. 

: Statistically the mean for urinary nitrogen excreted during Bed 

Rest~ or Restraint, for this primate vvas higher than the mean for other 

periods· of Pr_e-~estraint or Post_-Restraint (P < 0.001 in both compari­

sons). The average nitrogen excretion also vVas significantly higher 

during Post-Restraint than during the period preceding Restraint 

(P< 0.02). 

Primate 42·3 

As in the case of Primate 249, Primate 423 was sacrificed im-

. . 

mediately after the close of the Restraint Period •. In contrast with the 

former animal; Primate 423 excreted a quantity of urinary nitrogen dur-
. ' . 
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ing the Restraint Period which was significantly higher statistically ~han 

during Pre-Restraint (P < 0.001) ·. The two mean 24-hour values were 

2,529 milligrams during the Pre-Restraint and '4, 182 milligrams during 

the Restraint Period. During Restraint I there was ·an increase in the 

amount of urinary nitrogen excretion from 1-,886 milligrams on the first 

day to 4,650 milligrams per day on_the final day. See Table IV. 



ITCAL NITROGEN EXCRETION _ 

Primate 239 

In contrast to the results -for urinary nitrogen, fecal nitrogen 

decreased from one study period to the nex~. 
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The fecal nitrogen excreted day-by-day for this primate was 444 

milligrams during Pre-Restraint, 255 milligran1s during the Restraint or 

Bed Rest Period, and 237 n1i.lligrams during the Post-Restraint Period. 

Statistically, feca 1 nitrogen excretion both for the Restraint and 

Post-Restraint Periods was significantly lower than for the initial study 

period. See Tables I and VI. 

Prirnate 249 

_ The mean fecal nitrogen excreted by this primate was 2 83 milli­

grams during the Pre-Restraint, and 180 milligrams during the Restraint 

Periods . See Table II. 

The difference in the feca 1 nitrogen excretion during the Restraint 

Period was lower than that during the Pre-Restraint Period, by a statis­

tically significant difference (P < 0. 02). 

Primate 419 

During the. Pre-Restraint Period, Primate 419 excreted 147 milli­

grams of fecal nitrogen per 24-hours. During the Restraint phase of the 
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study I 118 milligrams 9f fecal r1itrogen were excreted per·-24' hours. See 

Table III. The difference in this factor was significant (P < 0. 01) in be­

half of the Restraint Period. 

.. . 

In a con1parison of the ·fecal nitrogen excreted during the_ Restraint 

and Post-Restraint Periods, the valD:es were 118 milligrams daily during 

Restraint, and 87 milligrams during Post-Restraint. Statistically there 
. . 

\iva s no significant difference between the fecal nitrogen excretion values 

during these two periods, although the quantity during Restraint was 

somewhat higher. 

-Primate 423 

The daily average of fecal nitrogen excretion was 245 milligrams 

during Pre-Restraint for this animal and 122 during Restraint. See Table 

IV. 

There Vvas a highly significant decrease in fecal nitrogen excre~ 

tion during the Restraint Period (P < 0 . 001) . 

TOTAL 1'TITROGEN EXCRETION 

The total nitrogen excreted by Prin1ate 239 was 2 1935 milligrams, 

. ' . 

3,578 milligrams, and 2 ,.885 milligrams during the Pre-Restraint, the Re-

. straint, and the Post-Restraint Periods, respectively. This shows an 
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increase in total nitrogen excretiOn with Restraint followed by. a de- - -
. ' 

crease in total output during the Post-Restraint Period. 

· · VVhen statistica 1 comparfsons were made (Table VII), there was · 

only a slightly si.gnificant difference between the Pre-Restraint and the 

Restraint Periods (P < 0 .10), respectively, -with the same level of dif­

ference between the f<.estraint and the Post-Restraint. Periods of the 

study.' When the Pre-Restraint and Post-Restraint Periods. of the study 

were compared by the "t" test, _ however, the levels of excretion by this 

primate were not statistically significant. 

Primate 249 

Table II gives the quantities of total nitro"gen excreted during the 

Pre-Restraint,. the Restraint, and the Post~Restraint Periods by Primate 

249. The average total quantities of nitrogen excreted were identical 

for the Pre-Restraint and the Restraint Periods. The quantities of total 

nitrogen excreted during these two periods were 2,727 and 2,832 milli­

grams, res pectlvely. The difference between these two periods vy-as not 

·significant. 

Pri rna te 4 1 9 

During the Restraint Period Primate 419 excreted the highest mean 

daily quantity of total nitrogen of any of the pha_ses of the study (3,958 
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' , . ....... . 

milligrams),: with2,321 .milligra_ms during Pre-Restraint and 1,833 milli~ 
· , 

grams daily in the Post-Restraint phase (Table II). 

A statistical analysis of the data showed that the total excretion 

of nitrogen by this animal during Restraint surpassed that of the _Pre- . 

Restraint Period by a highly significa.nt difference (P < 0. 001). See 

Table VII. 

In the same table, the excretion of total nitrogen during Restraint 

exceeded that exc~eted during the Post-Restraint phase, again by a high­

ly significant difference (P < 0. 001). A "t 11 ·test comparison of the Pre­

and Post-Bed Rest Periods showed that the former surpassed the latter by 

a difference which also_ was highly significant (P< 0.001). 

Primate 42 3 ----...-........- ------~ 

The total nitrogen excreted day-by-day by this primate was 

2,529 milligrams during Pre-Restraint. The daily average of total nitro­

gen excretion increased 1,653 milligrams during the Restraint Period. 

· Statistically, the Restraint Period surpassed the Pre-Restraint Period by . 

a highly significant difference (P< 0.001). 



RELATION Ql' BODY WEIGHT CHANGE 
.4._• . 

TQ. TOTAL NITROGEN EXC RETIQN 

. . 

The losses in body weight during Restraint were estimated as 

follows: . 

&lima.l 

Primate 239 
··~ . 

Primate 249 

Primate ;419 

Primate 42 _3 

. Per Cent Loss 

............. •· ... . 

...... •· ......... . 
•••••••••••••••••• 

• • • • • • • • • • • • • • • • • 

10. 0 

14. 0 

12. o· · 

14. 5 
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The losses in weight were related to the mean total loss in nitro­

gen during Re·straint. Failure to consume the · food offered them was 

largely responsible for weight loss, which ca me largely from the muscle 

mass. 

. GENERAL DISCUSSION 

:t\1any authors have suggested that the metabolism of protein can 

· - be expressed in terms of :riitrogen. Nitrogen which enters the body of 

. mammals as food is ultimately stored in the form of body protein, or it 

is eliminated through urine and feces as· nitrog_enous substances. ·As 

noted, the urine constitutes the major carrier for the elimination of ni-
. . . 

trogen. -
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These factors .are-ii:nportant for nitrogen balance, synthesis, and 
( f . I 

metabolism. 

For the purposes of this study, factors were controlled: calorie 

intake was relatively adequate ar:id constant; protein intake was kept as 

constant as possible from one period_ to another; and water intake was 

controlled. No infections, even of seemingly mild degree were present. 

Intestina 1 para sites were absent by virtue of extensive treatment of the 

prirna tes at NASA Ames Research Center, Moffett Field, California before 

they \Vere shipped to the Texas Woman's University" 

DIETARY NITROGEN INTAKE AND 

EXCRETION 

Nitrogen intake and .output from mammals depends on the quality 

·and quantity of protein in the dtet; · the nitrogen conte11t of food; the 

calorie conten·t of the diet; and the environmental temperature. 

In det~rmination of nitrogen balance _in children has proved a par­

ticularly sensitive method for evaluating the effects of amino acid sup­

plementation of cereal protein, and also has giyen satisfactory results 

for this purpose in adults. 

De Costa and his associates (14) found that animals and men . . . . . 

sometimes failed to gain weight despite evidenqe· of positive nitrogen 

balance·~ This suggested an additional unaccounted for route of 



excretion of nitrogen other tha rt urine and feces. When ·mice were fed 

·nitrogen-glycine in airtight metabolic chambers ,. it was noted that the 

atmosphere v'Jas enriched by isotopic nitrogen. This means that an 
. " . .. 

alternative route of excretion of nitrogen is pos.sible through the skin, 

the lungs , or through flatus. 
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Arrayane (15) made a report of body protein deficit in protein in 

a malnourished population by creatinine measurements. He found that 

urinary crea tinine excretion measurements are useful in field studies as 

an indirect estimate of muscle mass changes. These measurements may 
. . 

be of great value in assessing the relative degree of protein depletion 

of population groups suffering from shortage of dietary protein. 

Blon,dell (16) suggested that patien~s with acute renal failure 

show negative nitrogen balance and enhanced urea production, 

Before treatment, nitrogen balance was negative in four studies, 

and positive in five studies with values ranging from -0.4 to 1.9 grams 

per day. 



-fil'fECT QE NITROGEN IN GROWTH 

· Q_f CHILDREN 
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Protein is one of the essential facto.rs in the growth of children 

including body weight and body h~ight. By radiographic measurements, 

weight may gain rapidly, but body l~ngth may not be greatly altered, 

because of many factors • . 

It is recognized that the development . of muse le mass is a para m -

eter which is dependent on protein nutrition, if the needs for other es -

s entia 1 nutrients are satisfied. Nitrogen balance of children usually is 

positive since increase in size is sacrificed . in order to conserve v.1eight. 

This has been found in the Pennsylvania-Texas population studies~ 

Deshpande (17), in his study of rats, found that the rate of 

growth of young rats was increased from three to 21 grams per week 

when their diet, containing 78 per cent of white flour was supplemented 

. 
with O. 5 per cent of L - lysine and O .4 per cent of threonine. The im-

proven1ent in growth vVas obtained when s ·even more essential amino 

acids \-\Jere added. 

Although lysine v-,as limiting for grovVth, liver fat did not ac­

cumulate vvhen the diet contained 78 per cent of white flour. Fatty in­

fi.ltration, vvhich occurred vvhen the flour was fed at a 5 .4 per cent pro­

. tein level, Vvas prevented by a lysine supplement . 
. .-.,. 
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The maximum growt_h, however·, was obtained when intact pro-

. . 

tein formed part ·of the supplement; but growth was not as rapid vVhen · 

the protein Vvcis· replaced by equivalent quantities of crystaline essential 

and non-essential amino acids. 

!v1ack.et al (18) fed lysine to 42 sub-adolescent orphanage chil-

dren with the follovving conclusions: 

"The effects on growth and bone density of adding lysine to the 

food of forty-two sub-a.dolescent orphanage children cons~ming a diet 

v1hich provided 6 2 grams of protein daily (ratio of protein from anima 1 to 

. that from vegetable sources 1.56:1, lysine:tryptophane ratio 5:1) have 

been studied. A group of forty-twq other children on the same basic 

diet as the experimenta 1 group, with a similar distribution in respect to 

sex, age and response to·height-vveight, bone density and biochemical 

tests, served as controls. Bone density~ was measured by the method of 

radiographic densitometry. 

"L-lysine monohydrochloride to the extent approximately of 70 

milligrams per kilograms of body weight was adde_d to the food of the ex­

perimental group daily for the dura.ti(?n of th~ study, which was five and 

a half months. The lysine:tryptophane rat~o in the basic diet plus the 

lysine supplement was 7 .9:1. 
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. , . . 

"The experimental.children receiving the lysine supplement . . . 

gained in growth to a significantly greater extent than did_ the control 

. -

children. They also had statistically significant gains in bone density 

in two anatomic sites, whereas the control children did not ha.ve sig­

nificant bone density'increases in the regions measured. Bone density . 

gains in the experimental group in a section of the distal end of the 

radius, which passes through the epiphysis and diaphysis, were greater 

than those in a section of the os ca-leis which does not include the more 

ra. pidly grovving portion· of the bone. " 

Sanberlich (19) found in a study with rats that amino acid im­

balance \,vas produced by feeding a casein gelatine diet or a casein oxi­

dized diet. He suggested the following: 

The reduction in growth of the animals due to the imbalance 

could be corrected by dietary supplements of tryptophan, and not by 

addition of casein alone. 

Protein digestion and absorption was similar for all groups. 

The percentage of free and tota 1 tryptophan· (and certain other 

amino acids) excreted in the urine by the rats on the imbalanced diets 

was two- to three-fold over tha·t excreted by control animals or by ani­

mals receiving supplements of tryptophan alone. 
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PROTEIN AND MALNUTRITION 

Numerous observations have indicated the importance of protein 

in hemoglobin formation. Anemia develops in rats fed a di.et abnor­

mally low in protein and be corrected by feeding protein, according to 

Orten (20). Numerous investigators have shown that, in dogs fed abun­

dant iron and protein-free or low protein diets, globulin can be readily 

formed from plasma, casein, or hemoglobin._ There appears to be a · 

"dynamic equilibrium II between plasma protein cell protein with .the re­

sult that protein deficiency affects hemoglobin synthesis as well as the 

· production of other body proteins, and increased demands for hemo-

globin will ca 11 upon the genera 1 body protein pool. 

A study was made by Walton (21) on 300 nonselected samples of 

blood, which were analyzed by means of a modification of the urease 

method for determining the amount of urea nitrogen. However, aliquots 

of the samples also were processed in automatic testing and recording 

apparatus, which was designed in such a manner that a method could be 

used as a means of determining the amount of urea nitrogen in dialyzates 

of blood. A critical study of the data indicated that there was no clini­

cal significance in the difference between the results of the two methods, 

but that non-urea substances in a series of 50 specimens of blood of 



uremic patients, the effect on the color developed in the carbamido-
- . 

diacety monoxime reaction was not clinically significant. 

Koryakina (22) did a study on nitrogen balance in burnt dogs 

treated with the serum of convalescent burnt dogs which had been 

treated with the serum of healttly an.imals .. No toxicity of the serum 
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·was observed in the first group, while the blood of the second group -re-.· 

tained its toxicity during the whole experiment period. The treatment 

vvith immune blood serum had an inhibitory effect on the catabolic 

process, although the negative nitrogen balance· was half that observed 

after the first .burn. 

PROTEIN IN REIATION TO KvVASHIORKOR _ 

IN CHILDREN 

The author's interest in protein_ and nitrogen malnutrition has led 

her to study the literature of this field in relation to kvvashiorkor, vvhich 

is less prominent in Egypt than in many other far East countries, but is 

found there to a certain extent. 

Davidson I Pas.smore, and Orr (23) have- described this protein­

calorie deficiency disease as follows: 

I 

"Kwashiorkor is a nutritional deftciency ~isease due predominant-

ly to an in~dequate intake of utilisable protein j occurring principally in 
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children shortly after wea .. fting and characterised by muscular wasting, 
., . 

oedema, irritability or mental apathy, failure to grow and a liability to 

a damaged liver. 

1The fundamental biochemical lesion is caused by a deficiency . 

of amino acids necessary for protein synthesis ..... 

"The immediate cause of the disease is often an acute infection 

(e.g. measles or gastroenteritis); .this increases the rate of breakdown 

of tissue proteins and also may decrease the dietary fntake of protein 

• • ••• 

History 

"Cice·ly Williams (1933) was the first to record that 'some ar.nino 

acid or protein deficiency' might be an aetiological factor in kwashiQC­

k..or_, the name given to this disease by the Ga tribe living in and around 

Accra, the capital of the Gold Coast (now Ghana). Later, Dr. Williams 

(1958) wrote that the definition of kVvashiorkor which was originally · 

given to her is 'the sickness the older child gets when the next baby is 

born'; this translation indicates the circumstances in which the disease 

. . 

most commonly develops, namely an ignorance of the best foods to give 

children during the w~aning period, or an inabi~ity to provide them for 

one reason or another. She noted · that the same condition has been de - . 
. . 

· scribed in ~906 in Germany, in 1924 in Indo-·China, in 1926 in Mexico 
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and in 1928 in East Africa .. In fact the disease ·occurs in any part of the 

world if the dietary conditfons described below are present. Elsewhere 

in Africa doctors have frequently misinterpret_ed the descriptive term 

'kwashiorkor' to mean 'red boy' or ·'pale-:--coloured child.' . Children suf-

fering from kwashiorkor frequently have pale-coloured skins and mucous 

membranes and depigmented •• ~ •• · 

. "Descriptive names for this syndrome which have been used in 

the past 25 years by clinicians include 'infantile pellagra,' 'malignant 

malnutrition~ I 'syndrome depigmentation-oedeme I' 'distrofia pluri­

carencia l.' The Joint FAO/WHO Expert Committee on Nutrition decided 

that 'protein-calorie deficiency disease' was better suited to describe 

its basic aetiology than 'kwashiorkor.' However, the Ghana word seems 

well established in the international medical literature, and like the 

Malayan 'beriberi' will probably hold its own against more scientific· 

newcomers. 

Aetiology and Incidence 

"As with other deficiency diseases all the clinical features can­

not be attributed to a single. dietary defect; but _there is little doubt that 

the predominant features are due to a deficiency of protein, either abso­

lute or relative to energy requitefDents ..... · At periods of life when 

there is great need for both protein and energy to meet . the demands of 

growth, as· in infancy, childhood and at puberty, or during pregnancy and . 
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lactation, dietary restriction of either protein 9r calories , or both as is . . 

. . . . ' 

most often the case, will precipitate the development of kwashiorkor. 

If the customary diet of a pop11lation is limited in protein and calories 

to around the levels
1
of minimal requirements, the disease may be pre­

cipitated in epidemic proportions by outbreaks of febrile illnesses such 

. . . . . 

as malaria, measles or whooping-cough~- A helminthic or other infection 

may bring out the disease in a child belonging to a family whose diet is 

barely adequate. Here are good examples of the importance of consum­

ing a recommended allowance of any nutrient Which _ provides a safety 

- margin above the minimum requirement for growth and mainten~nce. In · 

addition, failure to utilise properly such dietary protein as is a vailab.le 

may result from a lack of digestive enzymes, itself caused by a quanti­

tative or qualitative deficiency of dietary -protein. 

"The syndrome has been described at all ages and in both sexes. 

Undoubtedly it is most common in those infants or toddlers whose 

mothers wean their children from the breast on to diets which are mainly 

composed of starchy gruels conta-ining too little protein and providing too 

little energy. This may be on account of ignorance of good nutritional 
. . , 

practices or lack of money to buy better .foods. In the less -developed 

countries, where the n1ajority of the world's population live, such 

mothers too often do not pave ready _acces·s to suitable protein-rich foods 

with which to supplement these gruels.-
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'· . . ' 

11 K\·Vashiorkor is a rare disease in countries in which literacy, 

education _and developed food-processing industries have made it possi­

ble for all classes of the population to obtain and consu-me diets vvhich 

provide sufficient energy and nutrients. Occasional cases are encoun­

tered in New York, Paris,. T.ondon and other cities which include among 
. . 

-
their populations immigrants .from less -developed countries. Such peo-

ple are unaccustomed to urban living conditions and are inexpert in pur­

chasing diets suitable for the younger rnembers of their families. 

"In the rura 1 areas of many underdeveloped countries families 

grovv their own food and employ methods of crop culture and food proc-

• • • • 4 • 

essing adapted over the centuries by circumstances to be compatible 

vvith the continuing existence of the community. · Many traditiona 1 .. 

methods of crop production and food preparation must be commended and 

· should be retained. Others should be modified and made more effective 

by the introduction of new techniques suitable to local conditions .. Al­

though food supplies may be sufficient in these rural areas, cases of 

kwashiorkor occur, often as the result of failure to comply with tradi-

. tional dietary habits for r~asons outwith the control of the family group. 

For instance a mother may die, or develop breast abscesses and her 

milk fail, when her child is a few weeks or months old; no aunt, grand­

mother or grand-aunt may be in lactation at. this critical time to act as 

a foster-nurse. In many rural areas the food -supplies may become 

scarce each year in the season before the harvesting of the staple· food, 
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. . 

and the _incidence of kwa.sl)iorkor may incr·ease at -this time~ · The inci-

dence of kv,a shiorkor in children from birth to nine years of age, living 

in the rural areas of Nigeria, was found by Ni~ol (1959) ·to vary between 

2 and 5 per cent, being highest in areas where the staple foods are 

yams ·, ca_s-sava or other starchy tubers, and lowest wh.ere cereals such 

as sorghum and millets (Sorghu·m vulgare, Pennisetum typhoideum and .· 

Eleusine coracana) provide most of the dietary calories and protein. The 

incidence of kwashiorkor in other Atrican countries is probably of the 

same order, most cases occurring between the ages of I and 4 years . 

"A much higher incidence of kwashiorkor may be foun·d in the 

rural areas of countries which are much more densely populated than 

those of the African continent, such as the Indonesian islands and Ben­

gal .in India, and also in rapidly growing towns in the tropics. Here, 

lack of land to grow sufficient foodstuffs to provide th_e _ customary diets, · 

and the high cost in the city markets of protein-rich foods, whether· 

.. 
fresh or processed, are factors additional .. to lack of nutritional know-

. . 
ledge, seasonal food shortages and misfortune which operate t0 produce 

the syndrome. Paediatric vVards in city hospitals _ usually contain severe 

cases of kwashiorkor, and the out-patient d~partments treat many more 

patients ·who are less seriously ill ..... 
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C lioica 1 Feature~ 

"Failure to grow is•a ·constant and essential feature of the dis­

ease. The child 1s _ weight is usually much below standard for his age, 

but rea 1 weight may be masked by oedema. _ The muscles are always .- .. · 

. ., 

wasted and this is particularly noticeable around the chest; the wast-

ing of the legs and around the hips is frequently concealed by oedema. 

If the disease has resulted from a dietary restriction of both calories _ 

and protein, muscle v'la.sting and an almost complete lack of subcuta­

neous fat is the most striking feature, but the feet are oedematous 

('marasmic kwashiorkor'). Subcutaneous fat is often pl.entiful in chil­

dren ·whose diets have provided ample calories but little protein. The 

child is often apathetic and this is a most serious prognostic feature . 

. 
A return from apathy to irritability is a sign of successful initial treat~ 

ment. The hair is nearly always affected in African children; in Asiatics 

the changes are less frequent and less mar~ed. There is an alteration 

in texture. The hair becomes fine, straight and soft, it loses its curl 

and lustre and is often sparse. The hair of African children may show a 

variety of pigmentary changes. Shades range from brownish-black and 

brown to a pale greyish-brown or even a straw colour. The extent of 

these changes in the hair is_ not necessarily an indication of _the severity 

·of the disease-. Children who have been unwell for a long time but 

never seriously ill, may show them _most markedly. Alterations in the 

skin are often present, especially in severe cases. These include 
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· pigmentation, depigmentatioi1, · desquamation ·and ulceration. The legs, 
. . . . . . 

buttocks and perinea! areas are most fr.equently involved, but any region 

may be affected. · This is in contrast to pellagra in which the dermatosis 

occurs mainly on the exposed surfaces ..... 

The liver may be greatly enlarged a~d extend down to the umbil­

icus . Anorexia and vomiting occur and there is often a distressing 

diarrhoea, with the ·passage of stools containing much undigested food. 

This feature may be secondary to the failure of the pancreas to secrete 

digestive juices, especially lipase. Important losses of pota.ssium may 

result from the diarrhoea. There is nearly always some anaemia, but it . 

is not usually very severe. Both the degree of anaemia and its nature 

are largely determined by associated infections and other dietary defi-

ciencies. 

Prognosis 

"Kwashiorkor is often a severe malady with a fatal termination, 

but it exists in a great variety of forms and ma·y be so mild as to escape 

attention; in such cases complete recovery is the rule. The name 'pre­

kwashiorkor' has been suggested for the state of subclinical protein de­

ficiency in children in which a failure in growth, a reduction in the 

·serum albumin and an ·increased liability to diarrhoea and respiratory in­

fections are the salient clinical features. · There is good reason to be­

lieve that pre-kwashiorkor is extremely common in regions where the 
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fully developed syndrome is found. But even mild degrees of fa tty de -

generation of the liver which heal with slow absorption of the fat, may 

leave a liver peculiarly susceptible to infections _and other poisons . . · · 

This combination of factors may lead to cirrhosis of the liver in late 

adolescence or early adult life- a condition which is common in many · 

parts of the tropics. Many children who suffer from the disease pass · 

through their formative years with their physical and mental faculties 

partially impaired by their inadequate diet. The importance of this in 

the educationa 1 and physical development of Africans is not yet fully 

appreciated ..... 

Prevention 

"This obvioll.sly depend.s upon eliminating the aetiological fac -

tors. Education in nut_rition, the introduction of improved farming 

methods, including irrigation, and the development of food industries 

whereby protective foods may be made available in large towns at a rea -

sonable cost to the consumer, are all important. In each .country care­

ful thought must be given to the provision of protein-rich foods made 

from local crops which are suitable both for infant feeding and for sup­

plementing diets low in protein. 

1'Such local res ·earch has been supported on a world~wide basis 

since 1957 by a generous grant ·made by the Rockefeller Foundation. This 

grant is administered by the Committee on Protein Malnutrition of the 
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Food and Nutrition Board of the United States. ·Its research programme 

is concerned with the identification, production and utilisation of local­

ly grown protein-rich foods of both veg~table and_ a nima 1 origin ...•. 

. "Concentrates of vegetable protejn made from oil-seed cakes, 

when combined with easily digestible sugars or cerea 1 flours, have been 

found to be satisfactory substitutes for milk in the diet of infants. Flours 

made from pulses, suitably prepared to eliminate antimetabolites or toxic 

factors, can also improve the biological value of such mixtures. By 

mixing one vegetable product with another., deficiencies of amino acids 

in single proteins can be made good . . For instance, sesame flour, which 

has a low content of lysine but ample amounts of methionine and trypto­

phan, can be blended with bean flour, which is rich in lysine, to n1ake 

a mixture of high biological value. Most of the edible pulses have a 

high lysine content and so make good supplements to cereals such as 

wheat, sorghurn and the millets. 

11Even small amounts of foods of animal origin such as dried milk 

or concentrates of fish protein, which are not readily available and are 

expensive in countries where kwashiorkor is prevalent, are of great 

value when mixed with high-protein vegetable foods. A mixture of one 

·part of dried skimmed milk with three parts of groundnut flour, or one 

part of casein mixed with ten parts of groundnut flour, is as effective in 

the prevention and treatment of kvvashiorkor as dried skimmed milk alone. 



The first is prepared by Cow & Gate in Nigeria and marketed ··as Ar lac. 

. .. . . . 

. The basic research vvhich made the production of this product possible 

and established its nutritional and therapeutic value was carried out by _ 

the Nutrition Unit of the Nigerian Federal Ministry of Health and the 

Northern Nigerian Mj_nistries of Hea 1th and of Trade and Industry. The 

second product, called Amama, is prepared and marketed in several 

African countries by Glaxo. The United Nations agencies·, WHO, FAO " 

and UNICEF, advised by a panel of nutritionists drawn from different 

parts of the world (the Protein Advisory Group), have assisted many 

countries to develop the loca 1 production of protein-rich foods suitable 

for the prevention and treatment of kwashiorkor. Examples are Sa ride.le 

prepared from soya beans and sesame in Indonesia, fish-flour and 

sorghum in Senegal, and a mixture of cotton-seed flour with n1aize and 

.. 

sorghum in Centra 1 America (Incaparina: the name is derived from the 

initials of the Institute of Nutrition for Centra 1 America and Panama). 

Another very satisfactory but more expensive product has been prepared 

on a commercial sea le in England from soya beans and chickpeas (Cicer 

arietinum), to which are added small amounts of methionine and vitamin 
I 

"Concerted acti~n by research units and foundations, govern­

ment departments, international agencies and commercial interests, for 

promoting the production of such protein-rich foods, coupled with the 
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nutritional education of all classes of the populations of underdeveloped 

countries, is essential if this world--wide cause· of inorbidity and mor-

ta lity is to be eliminated." 

Many special diets have been devised to _cope with protein de-

. 
ficiencies in children. Srikantia and C_opalan (24), members of the staff 

of the Nutrition Research I.a.bora tories, Indian Council of Medical Re­

search, have described a fish protein concentrate in the treatment of 

· kwashiorkor as follows: 

"Skim milk has been used extensively in the treatment of kwashi­

orkor and found satisfactory. Diets based upon vegetable sources o~ 

protein have also initiated satisfactory clinical cure although they have 

been found inferior in their abiiity to regenerat_e serum_ albumin. On the 

other hand, blends of vegetable protein and milk have been reported to 

compare favorably with milk alone, from both a clinical and biochemical 

standpoint. Fish offers an inexpensive source of large a mounts of pro­

tein. The long coast line and the numerous inland rivers in India offer · 

considerable possibilities for the production and utilization of fish as a 

major source of protein in the prevention and control of protein malnu­

trition. Recently several processes have been developed to produce de­

.odorized, defa tted fish ·protein concentrates . Although some studies on 

experimental animals have shown that the nutritive value of fish flours 

may vary widely, depending upon the species of fish used and the 



processing procedure employed, it is possible to obtain samples high 

in protein .. ~ •. 

The authors summarize their study as follows: 
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"Fifty-seven children suffering from kwashiorkor were hospital­

ized and given diets in vvhich the major source of protein was from either 

fish protein concentrate (FPC) or skim milk. Diets containing fish pro­

tein concentrates were not well accepted by a large proportion· of the 

children. In those who did consume it, both the clinical and biochemi­

cal responses compared favorably with those obtained in children re­

ceiving the diets containing skim milk, ·except for the increase in body 

weight after the disappearance of edema. Analysis of the cooked diets 

showed that the amounts of available lysine were lov1er in the FPC diets 

than in the skim rnilk diets. However, supplementation studies, using 

pure L- lysine, suggested that the lovver gain in body weight could not 

be a scribed to this factor. 

"Fish flour does not appear to be a satisfactory substitute for 

skim milk in the treatment of kwashiorkor, not only because of its non­

acceptance by a large number of children but also because ·of its inability 

to promote body weight gains ... 



EXERCISE IN REIATION TO NITROGEN 

EXCRETION 

· Although Brooks (8), cited earlier, reported that, during a re-

. . straint period imposed on primates,. urinary excretion of _nitrogen wa-s 
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.· significantly higher than during pre-restraint . . She found, on the other 

hand, that animals carrying on regular exercise exhibited no significant 

change in excretion of urinary nitrogen. 

,· .. . 

Salter (25) reported with human subjects that, within fairly wide 

limits, variations in muscular activity did not affect the nitrogen bal-
.. . . :, · . 

ance or protein requirement. When exercise was increased suddenly to 

the point where the individual remained in a chronic state of severe 

fatigue, however, nitrogen losses occurred· that could not be compen­

sated for by alterations in the caloric intake. An increase in activity, 

on the other hand, · increased nitrogen excretion only when the carbohy­

drate and fat consumption were insufficient to cover the increased 

caloric expenditure. Permanent increase in muscular activity was found 

to be accompanied by a hyp·ertrophy of the body musculature. This 

change usually was found to increase the amount of nitrogen retained if 

there vVas an increase in protein consumption. 

Yoshimura and Yamaji . (26) made a study of protein metabolism in 

students who were · subjected to long continuing_.heavy exercise. They 

. 

found that a positive protein balance developed~ although the amount of 
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protein consumed was held constant .and at the level optimum for an in­

dividual in a resting state. However, the calories were raised to meet 

the increased energy expenditure. After 10 days , while nitrogen ba l­

ance of the experimental subject became positive, anemia and hypo­

proteinemia appeared. This was due· to an increased state of erythro- . 

cyte destruction, and was accompanied by acceleration of red cell for-

mation in the bone marrow. However, ·the anemia disappeared sponta-

neously after two to three weeks, and did not reapp·ear in the subjects 

who had been trained for heavy exercise. Excess protein in the diet 
' . ' 

also prevented the subjects from having the anemia and hypoproteinemia 

due to muscular exercise. 

lack of any type or degree of exercise was studied in. five 

healthy adult males by Dozier, Chen, and Mack (27). The men were 

kept immobilized for 30 days .in bed and were not allowed to raise their 

heads from their one pillow throughout the period, wlth all of their physi­

ca 1 needs cared for by orderlies and dietitians. 

· It was observed in this study that immobilization produced a 

definite increase in urinary nitrogen excretion when compared with the 

excretion during an ambulatory control period during which the men were 

·ea ting the same diet and were engaging in moderate exercise. 

All five subjects had significantly higher urinary nitrogen ex­

cr~tion during the immobilization period than in the control period of 
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ambulation and modera _te exer<?ise immediately preceding it. The average 

daily _urinary nitrogen excretion for t~ese two periods·were 18.77 and 

15 .93 grams, respectively. 

I~ also was observed .by ·these· investigators that, during the re­

covery period following immobilization, ~a 11 five subjects exhibited a 
' . 

·sharp decrease in nitroge-n excretion. During this 30-day recovery peri­

od, the nitrogen excretion fell to an average of 13 .40 grams per day. 

NIT~OGEN NUTRITION IN REIATION IQ INJURY, 

SURGERY I AND CONVALESCENCE 

. The _immediate need for protein'in cases of severe disease can . 
" , • & 

be met by giving repeated transfusions of plasma and of who.le blood_. 

·. If the disease responds satisfactorily, the nutritional state of the pa­

.· .. · tient will respond to .special feeding methods (28) •. 

. Cuthbertson (29) in 1930 was the first to show that injury is fol-

lowed by an increased excretion.of urinary nitrogen due to a breakdown 

of prcteins · throughout the body. The resultant negative nitrogen bal- · 

ance is usually of the order of 12 to )5 grams/day, corresponding to a 

·. loss of 350 to 450 grams of muscle and other lean tissues. 

·A subject also may go into negative nitrogen balance following 

surgery. This rate of loss persists for 2 to 3 d~ys and then decreases, 

provided convalescence is ·proceeding satisfactorily. A negativ~ 
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· nitrogen balance may, however; persist for as long as a week, even in 

cases in which the operation has· been entirely satisfactory . . Potassium 

loss from the cells _also occurs and is often_ higher than the correspond-

ing nitrogen losses. 

--· · .. The ca use of this tissue breakdown in response to injury or 

surgery is almost certainly due to an increased secretion of cortical 

hormones by the_ adrenal glands. This is part of the normal physiologi- · 

ca 1 response to stress and is mediated through the pituitary gland and 

increased secretion of ACTH. · It is not possible to prevent this loss of 

tissue by dietary measures and, in so f~r as it seems to be a physio­

logical response, there is little justification for attempting to do so. 

However, the loss must be made good when convalescence is estab-

lished. 

In assessing the nutr~tional state of persons who have had se-

· vere injuries or have undergone major surgical operations, the meas­

. urement of body weight is the most useful single test, according to 

· these authors •. Balances are now available which enable patients -who 

are seriously ill to be weighed with a minimum of disturbance. · These · 
. . 

are being increasingly used in surgical clinics. The interpretation of 

·changes in weight is, however, not always easy. loss of tissues may 

be Illasked by the accumulation of oedema~ 
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Protein deficiency Js ·undo~btedly the most important .nutritional 

deficiency in surgical practice. The level of serum albumin is a useful 

. . 
index of the state of protein repletion. The, level in the serum is in 

- part determined by the state of hydrati~n. · Thus dehydration leads to a 

reduction in plasma volume I and in consequence the level of albumin 

may be within normal limi.ts, despite the fact that the total quantity of 
- . 

serum albumin may be greatly reduced.·· The use of the haematocrit and 

the measurement of the total blood volume may help in assessing these 

changes. 

·-RE;IATI01'TSHIP Q_f HORMONES .IQ NITROGEN 

EXQRE_TION 

Numerous authors have stated that there is a relationship be­

tween steroids _and nitrogen excretion. One author, Chen (30) carried 

out a study on the excretion of urinary 17-hydroxycorticosteroids by 

the same four primates as were used in the author's study described in 

this dissertation. It is not known whether or not there was a cause and 

effect relationship between nitrogen excretion and excretion of 17-hy­

droxycorticoids. Nevertheless, both substances were similarly affected 

by restraint, with the following results emanating from the latter study, 

. . 
as described by the author of this study: 

"The urinary 17-hydroxyc·orticosteroids _which were isolated 

from the primate urine :dome from adrenal glands __ • . This hormone is 
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. ..,.. ·· ·• .,. . .. •. . . , ; .... ... ~ 

concerned principally with' the intermediary metabolism of protein I car-

. . . 

· bohydra te ,· and fat. It · also has· been reported that this hormone may 

. . - .. . 

have some effect on c~rtain vitami~s an~ minerals, although the exact 
. , 

effects are not settled. 

"Four healthy male primates of the Macaca nemestrina strain 

participated in a restraint study which inc.luded a 54-day pre-restraint 

period, an 11-day restraint period, and a 32-day post-restraint period. 

At the end of the bed rest ·period, two of the four primates were sacri­

ficed in order to dissect out their bones for the analysis of radioactive 
\ 

. 45ca • During the post~bed rest period, the remaining two animals 

· were kept in their metabolism cages. 

11One of the interesting findings of this study was the fact that 

the amounts of 17-hydroxycorticosteroids excreted in the urine varied 

from primate to prirr1ate, although certain trends were found with all of 

the animals . 

"During the pre-restraint period, the overall average excretion 

of total urinary 17-hydroxycorticosteroids among all four primates was 

1.72 mg./24 hours. 

"The overall average of total urinary 17-hydroxycorticosteroids 

excretion durir1g restraint among the four primates was 5.23 mg./24 

hours. This increase· .was · highly significant for all · four primates. 



'-~During the post-r~straint period only two animals remained in 
. . ~ 

the study, and their average 17-hydroxycorticosteroids excretion vms 

1. 72 mg ./24 hours. This value was not significantly different from 

that obtained in the pre-restraint periods of the same animals. 

"On ~he _other hand, a statistically -significant decrease was 

found during the post-restraint period as compared with the value ob­

tained during the restraint period -for the same animals ... . 

REIATIONSHIP BEIWEEN EXCRETION 

OF CREATINE, CREATININE, AND 

· NITROGEN IN THE . URINE 
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Another inyestigator, Varia (31) made daiiy tests on the urine for 

crea tine and ·creatin.ine e~creted by the same primates as those which 

featured in the study covered in this dissertation. The following find­

ings are reported by this investigator: 

"The results indicated that, in all four primates, daily creatine 

excretion during Pre -Restraint was surpassed by _the Restraint Period by 

a difference which was highly significant (P < ·0. 001). During -the Pre-

Restraint Period; the mean crea tine excretion among all four primates 

was 30 milligrams per day, and during the Restraint Period, it was 318 

milligrams per day. During the Post-Restraint Pe~iod only two primates 
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remained in the study, which excreted increased amounts of creatine as 

. compared with the Pre-Restraint phase of the study. · 

"Both of these primates had very little activity when they were 
.. 

returned from their couches to their metabolism cages. This fact would 

provide the reason why both-primates excreted higher amounts of crea -

_ tine during the Post-Restraint Period as compared to the Pre-Restraint 

Period. 

"\JVith regard to creatinine excretion, there was not any statisti--

ca lly significant change· among all four primates in any of the different 

periods of the study. " 

Dozier, Chan, and Mack (32) carried out an experiment on the 

excretion of creatine and creatinine by five healthy adult male subjects 

during immobilization and ambulation. The subject who had the greatest 

excretion of urinary nitrogen during immobilization also experienced a 

greater excretion of urinary creatinine than did any of the other three 

subjects, with no increased excretion of crea tinine by the other three 

subjects. Nitrogen excretion was increased in the urine to some extent 

ln all subjects . 

A statistically significant rise in the excretion of creatine in the 

subjects during the Bed Rest · Period was found. It also was apparent 

that, during the Recovery Period, the excretion of u~inary crea tine want 
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back to normal excretion levels. This · agrees with the genera 1 concept 

that crea tine is not excreted in significant a mounts ·in the urine of nor-

mal adult males. 

· · _: . . A study was conducted by Umapathy (33) on daily urinary crea -

. 
tine and creatinine excretion .values in ·one study with human subjects, 

and in one study with primates. 

The human study consisted of two 14-day Bed Rest Periods with 

and without planned isometric and isotonic exercises. Four adult male 

subjects participated in the first Bed Rest unit and two of these subjects 

remained for the second Bed Rest Period ·. The exercises were repeated 

four times a day during Bed Rest 2. 

The results showed that three of four subjects excreted signifi­

cantly higher a mounts of creatine during bed rest with no exercise than 

during the equilibration period. Although there was a considerable · de­

cline in the excretion of creatine following bed rest, the decrease was 

not significant for any of the subjects . On the other hand, crea tinine 

excretion values exhibited less fluctuation from one period to another 

. for each of the subjects. 

The study of this ·series which was conducted on six primates of 

the species Macaca Nemestrina, time vVas divided equally into three 

14-da.y periods: equilibration, experimental, and recovery. · Two 
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monkeys served as controls, two were restrained without activity, and 
. ., ; . . ~. 

two were forced to exercise for one hour each day. Following the 

equilibration period of normal cage activity, two primates were immobi-

- lized in specially designed restraint couches and the second group was 

· forced to exercise for. one hour a · day during this period. ··In the recovery 
, . 

period all of the primates were .allowed to have normal cage activity. 

'!'he results indicated that, during the equilibration period as well 

as the recovery period, there generally were no statistically' significant 

differences between the three groups of monkeys with regard to the 

quantity of cr~atine excreted. As expected, the restrained monkeys ex­

creted more creatine during the experimental (restraint) period than did 

the other two. groups of monkeys (P < 0. 001 in each comparison). 

During the Exercise Period, the exercised animals excreted less 

creatine than during the Pre-Exercise or the Post-Exercise Periods. The 

difference in the first instance was statistically significant when the 

data for both primates in this group were pooled. 

With regard to urinary creatinine excretion, the exercised animals 

excreted less creatinine during the Ex·erqise Period than during the Pre­

Exercise phase· of the study, although the differences were not sta tis -

\ 

tically significant. The same primates during the Exercise Period ex-

creted far more creatinine than during .the Po~t-Restraint Period, probably 
. . . . 



because the·y were observe_d to exercise voluntarily in their cages for 
. . 1..--. 

protracted periods of time after the supervised Excercise Period had 

ended. 
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The control animals did not excrete markedly different levels cf 

creatine or cr:-eatinine during the varlous ·periods of the primate study. . . 

The results of the above studies indicate that a suitable exer­

cise program could prevent some of the undesirable physiologic and 
. . 

biologic changes that might occur during long· space ventures. 



The purpose of this study was to determine the physiologica 1 

·. effects of immobilization on the_ amount· of urinary and feca 1 nitrogen 

excreted by four healthy male primates of the Macaca nemestrina strain. 

This experiment took 97 days, divided between the Pre-Restraint 

Period 54 days, the Restraint Period 11 days, and the Post-Restraint 

Period 32 days • 

. 
· During the Post-Restraint Period, two ·of the four primates were 

. . 

·sacrificed so that the ·bones could be analyzed for radioactive Ca 45 by 

another investigator. During the Post-Restraint Period, the remaining 

two animals were kept in their metabolism cages. 

The study as a whole includes the quality and quantity of protein . 

provided in the diet of the primates , biochemica I tests for the nitrogen 

excretion in urine and feces of the primates, and a statistical compari-

son of urinary, fecal, and total nitrogen excretion between pairs of the 

different exploratory periods for the four primates. 

The results showed ·that these primates excreted the _highest 

amount of urinary nitroge_n and total nitrogen during the Restraint ~eriod, 

with the lowest amount during the Pre~Restraint Period. 

54 
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Because of the author.'s great interest in nitrogen and protein 

metabolism in her own c ·ountry, Egypt, she has reviewed the subject of 

nitrogen in relation to the health of populations; particularly of chil- · 

dren; with especial emphasis -on kwashiorkor, a severe protein defi-

- . 

ciency disease common to some extent in Egypt and to a greater extent 

- t 

in other African countries-. - She also has reviewed work which has been 

done on inexpensive dietary sources of protein, on exercise in relation 

to nitrogen retention, on nitrogen nutrition in relation to injury, surgery, 

and convalescence, on the relation of nitrogen excretion to hormone 

excretion i and on the relation of urinary nitrogen excretion to the ex-

cretion of creatine and creatinine. 
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URINARY, FECAL, AND TOTAL NITROGEN EXCRETED BY PRIMATE 2..3.9 

DURING THE INVESTIGATION 
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TABLE II 
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2072 424 2496 26 2139 230 
2322 · 250 · 2572 27 . 2450 119 
2037 . SSl . 2588 28 - 2160 · 57 
2130 226 .2356 . . 

. . 

· 2035 403 . ··. 2438 · . · Mean- - · .. . 2283 . , 246 . 
. , .. ·• 123""0 :· 1100 130 . . . • .. 

.. ij a • •; • ,• , _ -- · · .- _, ·. ·,- RESTRAINT PERIOD . . . 

2382 306 ... - ·. 2·688 · .. ·. · . . . .. . , ... .. .. . . · . . 
3060 323 3383 Date 

, ·Fecal 
1533 - 193 1726 (196 8) Urinary 

1147 139 . . 1286 Aoril 29 1886 337 

3485 348 3833 30 6732 X 
2082 266 2348 Mr1v 1 4422 X 
2090 233 2323 2 3062 38 
1035 . · 278 1313 ·3 35q5 103 
3488 · 199 3687 4 409T 38 . 

4026 344 4370 5 4000 104 

2560 231 2791 · 6 4845 188 
· 2352 381 2733 7 4054 165 

2552 320 2872 8 . 3314 151 
· 2092 250 2·342 9 4650 217 

2115 223 2338 
· 2009 223 2232 Mean . 4060 . 122 

2307 208 2515 

2613 
. 2349 
2925 
2369 
2569 · 

2217 

·. 2529 , · .. 
. . 

-

.Total 

2223 
6732 

4422 
3100 
3698 
4135. -

4104 
5033 
4219 
3465 
4867 

4182 

• · 

- . 

en 
- ~ 



. 
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TAB -LE · y_ . 

STATIS·TIC.AL COMPARISONS Ql' URINARY NITROGEN EXCRETION 
---- . 

· BETWEEN PAIRS FOR DIFEERENT PERIODS Ql' THE STUDY 

FOR TB£; .[QUR_PRI~IATES IN. THE INVESTIGATIQN 

Populations Compared Means Standard "t 11 

. Probability . 
Deviation Value .. 

Primate 239 
· · --

Pre-Restraint 2491 1146 
. . . 2.0143 P.< 0.05 Restraint _ 

. . 

3302 .· 1319 . ·. 
.. 

.. 

Pre -Restraint .. 2491 1146 
Post-Restraint . 2648 1664 0.5037 N .S • . 

. .. . 
. 

. . Restraint 
. . 3302 1319 

Post-Restraint 2648 1664 1.1298 N .S. 
... . . 

.. 

• Primate 219 .. . 

.. . 
. . 

. . Pre -Restraint 2727 946 
Restraint 2832 1313 0.3007 N .S. 

Primate 419 

.. Pre-Restraint 1965 615 
Restraint 3756 1204 6. 94 02 P< 0.001 

Pre-Restraint 1965 615 
Post-Restraint 1623 582 2 .484 5 P< 0.02 

Restraint 3756 1204 
P< Post-Restraint 1623 582 7.2909 0.001 

· Primate :12 3 
- . 

. . 

Pre - Restraint ··2283 . 532 
Restraint 4060 1157 7.5651 P< 0.001 

.. 



. 

3TATISTICAL COMPARISONS Qf FECAL NITROGEN EXCRETION 

BETWEEN PAIRS FOR DIFFERENT PERIODS Qr THE STUDY 

FOR THE £OUR PRIMATES IN THE INVESTIGATION 

"t II 

66 

Populations Compared · Means 
Standard 
Deviation Value Probability 

Primate 239 

Pre-Restraint 444 177 
Restraint 285 152 2. 7 02 6 P< 0. 01 

Pre-Restraint 444 177 
-
Post-Restraint 4.8528 ~<0.001 237 202 

Restraint 285 152 
Post-Restraint 237 202 0.6837 N .S. . 

Primate 249 

Pre - Restraint 283 72 
Restraint 180 231 2.5704 P< 0. 02 

Primate 419 
-

Pre-Restraint 354 14 7 . 
Restra.int 202 118 3 .14 07 P< 0. 01 

Pre-Restraint . 354 14 7 
Post-Restraint 210 87 4.9447 P< 0.001 

. 

Restraint 202 118 
Post-Restraint 210 87 0.2339 N .S. . 

· Primate 423 

Pre-Restraint 246 97 
Restraint 122 99 3.7369 P<0.001 



STATISTICAL COMPARISONS Q.f TOTAL NITROGEN EXCRETION 

BETWEEN PAIRS . FOR DIFFERENT PERIODS OF THE STUDY 

FQR THE FOUR PRIM~TES lN THE INVESTIGATION 

-
. . 
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Populations Compared Means 
Standard "t JI 

Probability Deviation Value 

Primate 239 
. . . 
Pre-Restraint 2935 1183 

P< 0 .10 
Restraint · 3578 1291 1. 664 8 

Pre - Restraint · 2935 1183 
Post-Restraint 2885 1728 0 .1552 N.S. 

Restraint 3578 · 1291 . 1.7142 P< 0 .10 Post-Restraint 2885 1728 

Primate 24 9 · 

Pre-Restraint 3010· 938 
Restraint 3012 ~ 1404 0.0012 N .S. 

. 

Primate 419 
· • 

Pre-Restraint ·_ 2321 596 
Restraint 3958 1200 6.4590 P< 0.001 

Pre -Restraint . 2321 596 
p ·<o.001 

Post-Restraint 1833 602 3.5711 

Restraint 3958 1200 
P< 0.001 

Post-Restraint 1833 602 7.1774 

Primate 42 3 ~ 

. . 

Pre-Restraint 2529 · 54 ·3 

Res.traint 4182 1108 7 .107 7 P< 0.001 




