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INTRODUCTION

The stu'dy- covered in this report describes an investigation con-
ducted in the Nelda C-hilde'rs S.t‘érk Iaboratory for Human. Nut‘r}ition Re -
search., .a cﬂ'Q'mp-one;nt part of thé ,".fexas Woman's University Research
Institute; In this in.v.é»s-’tigatioﬁ, four healthy male primatés of thé Ma~
caca nérﬁeéi.rina straiﬁ, generally referred to as pigtail monkeYs , were
used in a s',tudy.of nifrogen excretion changes 'during bed rest and during

ambulation.

P_;imates were cho‘sen by‘ the National Aeronautics and Space Ad- |
ministfétion aus‘ test.ani'mals bedaﬁse of their physiologicél and anatomic
resembléﬁcé fo man. The .rr_lajdr»objectiv.e of this primate inviest‘igation
has been -the 'prépafation of primatés of the type chosen for spéce 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 ma jor objecti\}es of this study have been the following:

1. To determine the effects of prolonged couch
restraint on Macaca nemestrina as measured by urinary

and fecal excretion of nitrogen.



2. To increase knowledge 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.

Nitrogen also is an important component of the human diet be-

cause of its presence as a major element in protein.

The author's interest in the subject bf nitrogen is evidepced by
her selection of n'itrogen as a topic for the research upon which this
dissertatioﬁ. 1s ba séd .- in her masteris tﬁesis; the authbf, as é former
Agricultural Engineer in thne United Arab Republic of Egyi:it has worked on
possible rﬁethods of imbroving' the qilantity and qﬁality of the p’rote'in in-

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

"She has reviewed briefly the literature of this subjéct in Ameri-
can and British scientific joﬁrnals , and partic'ularly has studi.ed thé
publicationé of the United States Department of Agriculture with_ refer-
encé to family 1ow;coét and méderate—cost dietary plans . On the basis
| of the latter she has devised a low-cost and a moderate-cbst die.tary
p.lan fof Egyptian families, and has calculated the cos.tsl of Fhe fodds
inciuded in these pla_ns in terms of Egyptian food pricés‘a..s' obtaiﬁed
from compiled Egyptian tables of food 'c‘osts', as well as recent food cost
' information-obtained from Egyptian families Who have shopﬁed for food

in representative stores in order to secure this information,



"It was discovered in these studies that as‘famili'es progressed
‘from the extre.mely:low»' tohighef inc'on‘le groués that p'eoblé with very
little fbod increas'éd' c»ereal consﬁmption aé..the first charige; as the in-
come incréases ; addition‘al mea"t‘ and fat réplacé some of thé cereals;
further additions to the incc;mé lvead.to the consumption ~va a larg'er‘ sup-
ply of milk, fruit; and vegetables. ‘Thus , tvh‘_e protein néeas a.re more

apt to be met if a family prospers.

- "From chérts',. of the amino é-cid content» of selected foods , a@s
well as the family' low rcos_t and' moderate cost food plaﬁs . ‘repr_esenta—
tive recommendedvme‘nus have been designed for Egyptian fa miiies :
w-hich‘are clomplete in_their nutritioln}al provision, 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 aAutvhor found that through the -supplementation of the vari-
ous diets with cértain fogds , they wOuld be more adequéte -a4sj tQ their
amino acid dontént. Vegetable foods themselves may be usgd as sup-
plements if the choice of vegetables is sound. For instanée , cotton-
seed flour is neéﬂf twice as high in arginine as sova ﬂour,v and con-

' taiﬁs mahy of the essential amino acids. Also , a combinétion olf cotton-

seed meal, peanut meal, Brazil nut meal, and corn meal would



supplement each other insofar a s amino acids are concerned:. This mix -
ture Would greatly enrich white’whéat ."flc'mr., 'Which is"loﬁxv in lysihe .
methionine, aﬁd tryptéphan ; This éombina-tioh of meéls could ‘supple'- |
ment cbm meal Which is Iow m l‘ysine” and tryptophiahnll, 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 means of Egyptian families with low and moderately

low income.

"She realizes that .the pdpulation as a whole will need to be edu-
cated about the-importarrl.ce of goéd ﬁutritibn before the acceptance 'o'f
new protein mixtures as hu.man fbéd is Wides_préad, The response has
been poor up to the present tim:e which ‘is probably due to a lack of un-
derstanding of the nutr»ition‘al va lue offhese new foods, a lack of ex-
perience in recipe developmerit, -and‘ a popular resistance to change in

traditional foods."



REVIEW OF LITERATURE

There has been a growing interest in nitrogen metabolism during
conditions of immobilization, not only because of its relation to space
flight but also because continuous immobilization is associated with

illnes‘s .

Caritarow and SChepartz (1) stated that much of the information
on the metabolism oprrotein»s 15 measuréd ffeéuently iri tefms o'f nitrogen
excretion. Urine ‘is the major foute of nitrogen excfetion . Fecal nitro-
gen is not a major oﬁ‘tcbme Of.‘ingested protein. ‘Its quantity vérie‘s i
however, -wit‘h‘ the bulk»of’thé di.ét and doés nbt normally repreéent un -

absorbed dietary protein.

From a study conducted by Murlin, Hayes, and Johnson (2), on
the correlation between the bioll-ogical vé lue of protein and the pérce'nta‘ ge
of nitrogen in fhe ﬁrine,l it waé found tha-t , with a very poor protein in-
take, the amount of nitrogen a}ppearing in the urine is greater prbportion-

ately.

Primates have been selected by the National Aeronautics and
Space Administration for certain biological experiments which will be of
aid to astronauts who are to perform space flights. Harris, Moor, and

Wanner (3) have stated that, in selecting an animal spécies for research



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, d'ogs , Pigs, and fats have been used ex-
tensively in metaboiic studies by mény investigators. Wanner, Moor,
Bronner, Pearson, and Harris ‘(4), however, have presented evidence
which indicates 4that none of these animals can compare with the monkey

as substitutes for human beings in general studies of metabolism,

Some Animal Experiments on Nitrogen

Metabolism

A biostatistical ana lys;s of three experiments carried out by
Bock et al» (S) to determine the nitrogen exchange in 114 growing Wistar-
ra‘rats fed a protein free diet showed that endogenous losses of nitro-
gen into the urine and the intéstines were largely influenced by the
liver weight of the anifnalé , and the amount of dry substance ingested

with the food.

When dogs and rats were placed on a prdtein—free diet by Alli-
son and Wannemacher (6), the.ufinary excretion of nifrogen per day de-
‘creased rapidly during the first few days. After a loss of 8.0 per cent
| of body nitrogen, the decrease in the rate of nitrbgen excretion was re-

tarded until about 25 per cent of body nitrogen had been lost, after



which the urinary excretion of this element became ather constant. The
.nitregen loss was attributed to the labile protein reserves of the body.
Thus endogenous excretion of ni;trogen cculd not be "cjons‘ider.ed a con-
stant until the animals‘were se§ere1y depleted . The rats 1ovst 50 per -
c;ent of their body proteins before they suc.:c.umbed te fhe rigeré 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 iri a study With Ma -
caca nemestrina prima‘tes . During the restraint pericd urinery nitrogen
excretion wae significantly higher than during the pre-restraint and
post--restraint periods. This Was consistent with the distinct losses of

weight in the restraint animals during that period.

Hoffman, Dozier, Mack, Hood, and Parrott (9) conducted.a study
on 11 primates , fed two diets which were similar in pfovision ef Calories ,
but which ciiffered in content of. ma jor nutrients. Two groups of animals
were put‘on the respective diets and were placed inv restraint on couches
fer 35 days followed 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



dietary groups immediately after restraint was impo'sed,‘ consistent with
‘an increase in body weight loss during this period . The level of excre-
tion began a descent after the seéond Week, simultaneOusly with the

increase in body weight change in the two groups.

The Medico-.Biologicél-S.tation» of the Academy of Medical
Science USSR at Sukhﬁmi has bvevAe'n in existence for a quarter of.‘a cen-
tury (10). It has exténs‘ive facilities for expefimentation with monkevs .
" In a Sukhumi éxperiment, three héalthy monkeys were used.. ’fhis study
established the fact that the averé ge quantity of uriné exéreted during
24 hours by'these primates amounted to 220-500 milliliters. ‘The specif-
ic gfaVity fluctuated betweeh 1 ,002 and 1,010, while the pHvas a rul‘e"
was‘ above pH 7. _The qua;n’.c‘ity of nitrogen excreted during 24 hours ih
the urine ranged from 1 .57 to 3.0 grams; that of ammonia wa‘s 45 to 166
'milligravrns . The re.sidual nifrogén varied from 18 to 42 milligra rns'. Be-
cause of the close mérpho-—physiological resemblance of moﬁkey to‘ man ,
the primate can, in a riumber of cases“, not only ble Valuable but irre-

placeable subjects for medical experiments.

A comprehensive review of literature on primates has been given
by Vamer (11) and by Al-Shawi (12), former graduate students at the

Texas Woman's University.



PLAN OF PROCEDURE

GENERAL DESIGN OF THE STUDY

| The stﬁdy which is reported in this thesié was conducted at the
Nelda Childers S\iérk Iaboratory fof Human Nutrition Résearch of the
Texas Wom.an"s Universify Research Institute under the spénsorship of
the Natioﬁél Aefonautics and Spébe Administration. The data pfesentéd
in this reportvwere obtaiﬁed 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, .19.68) :
The animals weré placed on couches and were fed.
| by m'eans of forceps. At the end of this périod two
of the four primates were sacrificed in order for two
other graduate students to dissect their bonés for
the anah}sis of active 4SCaL , the animals having

been'injected With_radioactive calcium during the
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study in order that students of calcium metabolism
‘might find the metabolic pathways of calcium. 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 remaining two ani-

mals were kept in their metabolism cages.

FEEDING METHOD

The diet of the primates éonsisted of purina monkey chow and
apples. The féod was weighed in indivi‘dual portvions each moming. 4
If any food was not cohéumed béfdre the next feeding, it was weighed
and subtracted from the daily intake. The animals were given water
ad libitum. On the first day of restraint, the 'four primates feceived an
intravenous injection of 50 ué Of radioactive 4_SCa as part of a study

being conducted by two other graduate students.

COLLEGTION OF EXCRETA

| E:»%creta.were collected. frorn primates in metabolism cages in the
usual mahner. The urine waé fcoilected in bottles. Du.ring"v the immobili-
zatién period urine was 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 washed With a 10 per
cent hydrochloric acid solution. The samples were refrigerated until

they were used.

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

mental animals by the Micro-Kjeldahl method (13), the details Which

follow,
- MICRO-KJELDAHI METHQOD
FOR NITROGEN
REAGENTS::

PoWdered potéssiurh sulfate, K9SOy (ammonia free).
2. Concentrated sulfuric acid, c .vp . HySOy, sp . gr. 1.84.

3. Mercuric sulfate solution. Add 12 ml of concentrated HoSOy
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 10 N. Dissolve 400 g of

NaOH in water and dilute to 1 liter.



2 g

10.

11.

12

. Standard 71 .4 millimolar ammonium chloride solution. Used

fo‘r checking the. micrd-Kjeldahl distillat'ion”procedure . Dis-
solve 0.3820 g of NH4Cl, analytical ,reagent' grade, in wa -

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

Acetate buffer, 0.2 M, pH 5. Dissolve 27.22 g of sodiurri

acetate in water énd make up to 1 liter., Add 427 ml of

0.2 N acetic acid, (standardized by titration against 0.1 N

‘NaOH with phenolplthalein as an indicator).

Alizarin red solution, 0.1% in water.

0.01428 N (N/70) H9SO4 . Prepare by diluting 14.28 ml of

1 N acid to 1000 m} with water.

0.01428 N (N/70) NaOH solution. Store in a plastic contain-
er or a paraffin-lined bottle. Protect against COj by a soda

lime tube. _Standardizé the solution daily‘by titration

'~ against 10 ml portions‘ of the 0.01428 N HySOy, ‘with the

’sa me pH and volume at the end point as is described below

for titration of distilled ammonia.

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

lInto a Pﬁ/revxvglass tube 22 - 25 mm x 200 mm, meésure 0.5¢g of
KZSO4 and.th.e gamplé of unk;iox)yn which cont’ains 0.2 - 2.0mg. of ni-
trogen (e g 0.1 Iml.of s‘erum or urine). Then add 0'5, ml of the mer-
curic sulf'até..solution»,u 1.0 ml of concentrated sulfufic acid, and 3 boil-
ihg chips .  Boﬂ rmxture gently’ until the water vis boiled off. Then ad-
E 'jus‘t the h-eat s o. that the concentrafed digést boils with Very slight
motion. This digesfion .continués for 30 minutes after the rﬁixture has
become entirely cleaf-.' About 2 minutes after completion of the diges -
tiori, but before the cdntents sbiidify,_ wash down the sides of the tube
" with 3 ml of water. Gréase the lip of the digestion tube lightly with
silicone grease to avoid loss during the .quantit'alfi've 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 vflask with four portioné 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
thé fourth Wa’shing. Deliver 4 :ml of 10 N NaOH into the distillation
.ﬂas_k and distill into IO.bO ml of O.,Ol428.N HZSO4 , with the tip of the |
éoﬁdensor belbw the surface of the aéid a Distill enough liquid to in-
.sure qua n.titati\}e traﬁs fer of the ammonia to 'the. standard acid. The
. vblume;of liquid which must be so. t_rahsferre_d bydistillation will vary

from one apparatus to another and should be predetermined for each
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distillatioh appa"ravtu_s by trial ”r'ii:r'_ls wit_h the sta ndard 71.0 millimolar.
ammonium.chloridé".sollution:. (USe ! ml of ‘stanc'laviyrd and rﬁn it like urine
sa mplés 2 should récio\}er I gl mg of nitrqge;}.) Then cvontinue the‘d-is -
'tillationl fbr 1 minuté a-fter theyre_.ceivi_r_lg flask has been lowefed so that
the tip of the c.onderiskor tubie is .ab'o.ve the surféce of the 'stanAdarvd acid.
To the distillate acid 0.8 ml of 1% al‘izarine' red indicator solution and
titrate with O..01428 N NéOH from a ].O—r‘nl' buret until the color matches
that of aCetate b‘uffer solution in a cohtrol flagk. The volume o.f liquid
at the end of the titration should be nearly equél to that in the control
flask. To prepare the control, measﬁre in%o a 125-ml Erlenmeﬂ/er flask
7 ml of 0;2 N acetate buffer,'63 ml of distilled water, and 0.8 ml of
0.1% alizérin red solution. A new c.ontrol' should be made up every 3

days or more often if mold growth becomes visible therein. Blank analy-

ses are run through the entire procedure.

CAICUIATIONS:

Milligrams nitrogen in sample analyzed equals (ml of 0.01428 N NaOH
required to back-titrate the blank minus ml required to titrate distillate

of unknown) multiplied by 0.2.

PRINCIPIE:

- Organic 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 converted to ammonium 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 standard HySO4 . The acid

not neutralized by the ammonia is then titrated with standard NaOH.

REFERENCE:

Standard Methods of Clinical Chemistry. Volume II, 1958,

page 91 (13).



"RESULTS OF THE STUDY

EXCRETION OF NITROGEN

' The data obtained on urinary and fecal nitrogen excretion are
givén in Tables I, II, III, and IV for the respective primates in this | |
study. The data for the majoi' periods of the study also appear in the

four tables.

Table V, Table VI, and Table VII show the statistical ‘c'ompari—
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 Restrain£ and Posf-Réstraint Periods than during the Pre-
Restraiﬁf Period. The mean increase in urinary_ nitrogen during Restraint

was significantly higher (P< 0.0S) than during the Pre-Restraint Period.

16
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The other comparisons were'non-significant ,» although the mean for the

Bed Rest, or Restraint Period was 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 quanti_ty of total daily urinary nitrogen ex-
creted by Primate 249 during the Pre-Bed Rest, and thé 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
2,832 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 calcium experiment.

Primate 419

In contrast to Primate 239, Primate 419 showed a greater differ-
ence in urinary nitrogen excretion between the Pre-Restraint and the Re-
.straint Periods. Thé évera ge 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
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milligrams during Pre-Bed Rest, and 3,756 milligrams during the Bed

Rest Periods. See Table III.

¢ Statistically the mean for urinaxfy nitrogen excreted during Bed
Rest,‘éf R_esﬂt'rainvt ] for.tvhis primate was higher thén the mean for othér
periods'" of Pre—Res’créiﬁt or Post-Restraint {P < 0.001. in both compari-
sbns) . '_’I’he évera ge nitfogen excretion also was sigﬁificantly higher
during Povst;Restraint than during the period preceding Restraint

(PL 0.02);

Primate 423

As in the case of Primate 249, Primate 423 was sacrificed im-
mediately after the close of the Restraint Peri'od' . In contrast with the
former ani'ma'l,‘ Primate 423 excreted a quantity of urinary nitrogen dur-
ing the Restraint Period W-hiCh wés significantly higher stati‘stically than
dufing Pre-Restraint (P < 0.001). The fWo mean 24-hour values were
2,529 millligra ms during the PrAe—Restraint and 4 ,182 milligrams during
the Restraint Period. During Restraint, there was an increase in the
amount of urinar'y nitrogen excf_etion from 1,886 milligfa ms on the first

day to 4,650 milligrams per day on the final day. | See Table IV.
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FECAL NITROGEN EXCRETION

Primate 239

In contrast to the results for urinary nitrogen, fecal nitrogen

decreased from one study period to the next.

The fecal nitrogen excreted day-by-day for this primate was 444
milligrams during Pre—Restfaint, 255 milligra ms during the Restraint or

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

Statistically, fecal nitrogen excretion both for the Restraint and
Post-Restraint Periods was significantly lower than for the initial study

peridd . See Tables I and VI.

Primate 249

The mean fecal nitrogen excreted by this primate was 283 milli-
grams during the Pre-Restraint, and 180 milligrams during the Restraint

Periods. See Table II.

The difference in the fecal 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 41
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, 118 milligrams of fecal nitrogen 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 comparison of the fecal nitrogen excreted during the Restraint
and Post-Restraint Periods, the values were 118 miiligra ms daily during
Restraint; and 87 milligréms during Post—Restraint . Stetistica 1y there
was no significant difference between the fe_cal_nitrogen excretion vélues
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

v,

There was a highly significant decrease in fecal nitrogen excre-

tion during the Restraint Period (P < 0.001).

TOTAL NITROGEN EXCRETION

Primate 239

- The total nitrogen excreted by Primate 239 was 2,935 milligrams,
3,578 milligra‘ms , and 2,885 milligrams during the Pre-Restraint, the Re-

“straint, and the Post-Restraint Periods, respeetively. ‘This shows an
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increase in total nitrogen exuc':’fétio”n‘ with Restraint followed by a de-

- crease in total output during the Post-Restraint Period.

' When statistical comparisons were made (Table VII), there was
only a slightly signifiéant differénce between the Pre-Réstraint' and the
Restraint Periodé (P<L0.10), réspéctivévly,-_with the sa mé 1evé1 of dif-
ference between the Réstfaint and the Post—vR‘estraint:Pe.riods of the
study . Whenthé Pre—R‘estvraint and Post-Restraint Periods. of the study
were corﬁparéd by the ;‘t " Vtest , however, the levels of excretion by this

primate were not étatistioally significant.

Primate 249

| Tal:;Ie IT gives the quantities of total nitrogen excreted during the
Pre-Restr’aintﬂ,‘ the ReStraint, ahd thePbst—Restraint .Périods by Primate
249, The average total tiuantitiés 'o'f nitrogen excreted were identical
for the Pre-Restraint and the Reétraint Periods. The quantities of total
nitrogen excreted during these two periods were 2,727 and 2,832 milli-
grams , respectively. | The difference between these two periods was not

significant.

- Primate 419

During the Restraint Period Primate 419 excreted the highest mean

daily quantity of total nitrogen of any of the phases of the study (3,958
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milligrams), with 2,321 'milligfa_rﬁs during Pre-Restraint and 1,833 milli-

grams daily in the Post-Restraint phase (Table 1I).

A statistical analysis of the data showed that the total excretion
of nitrogen by thisﬂ animal during' Restféint surpassed that of the Pre-
Restraint Period by a highly significant difference (P< 0.001). See

Table VII.

In th’e same table, the excretion of tbtél nitfogen during_‘Re‘straint
exceeded thét exc_reted during the Post-Restraint phase, again by a high-
ly significant differende (P 0.001)., A"t "'teét comparison of the Pre-
and Post-Bed Reét Periods showed that the former surpassed the 1étter by

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

Primate 423

The totél nitrogen excreted day-by-day by this primatg was
2,529 milligréms during Pre-Restraint. The daily average ofltotal nitro-
gen excretion incréased 1,653 milligra ms during the Restraint Period.
Statistically, the Restraint Period surpassed the Pre-Restraint Period by

a highly significant difference (P< 0.001).
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RELATION OF BODY WEIGHT CHANGE

TO TOTAL NITROGEN EXCRETION

The losses in body weight during Restraint were estimated as

folloWs -

- Animal - Per Cent loss
PrMELS 238 wxacssucsnns surrs. F0.0
Primate 249 «ovviuvnunnnnnns. 14.0
Primate 419 Ceerersitianeae . 12.0°
Primate 423 v e errnnnenn, 14.5

The losses in weight were related to the mean total loss in nitro-
gen during Restraint. Failure to consume the food offered them was
largely responsible for weight loss, which came largely from the muscle

mass.

GENERAL DISCUSSION

Many authors have suggested that the metabolism of protein can
X be expréssed in terms of nitrogeh ‘ Nitrogeh whiCh enters the body of

| _m»am'mals-as bed is ultimately storéd_ in the _fo-rfﬁ of body protein, or it
is e.limina.ted through urine and feces as nitrog.e’no'us substances. As
notved ; ’;he ufine constitutes the ma j‘or. carrier for the elimination of ni-

‘trogen.
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These factors are important for nitrogen balance, synthesis, and

metabolism.

. For the purposes ofvthis study, factors were crontrolled: calorie
intake WasA relatively adequa.te ahd constant; pfoféin_intake WaS kept as
constaﬁt as _pdssible ;Ll’rvom one p.e‘fiodl t'o another; énd water intake was
c;bntrolled. N»o infeétioris i evén of seemingly mild dégrée wefé preSent .
Intestinal bara.sitéé were absént by virtue of exténsive treatment Qf the
primates a.t NASA Ames RésearchiCe.nter, Moffett Field, .Ca lifornia before

they were 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 diet; the nitrogen content of food; the -

calorie content of the diet; and the environmental temperature.

In determination of nitrogen balance in children has proved a par-
ticularly sensitive method for eva luating the effects of amino acid sup-
Plementation of cereal prdtein , and also has given satisfactory results

for this purposé in adults.

De Costa and his associates (14) found that animals and men
' sometimes failed to gain weight despite’ evidence of pdsitive nitrogen

balance. This suggested an additional unaccounted for route of
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excretion of nitfogen other than urine and feces. When mice were fed
nitrogen —.glycine in 'aiftight metébolic Chambefs , it was nofed fhat the
| atmosp.here' wa s enricﬁed by isotopic nitrogén : .-Thi.s meaﬁs tha.t an"

altemafive route of exc.:.retiAo.n of riit.rogeh i‘s p‘os..sible »throﬁgh .t'h‘e skin',

the lungs, or through flatus.

Arrayane (15) made a report of body protein deficit in p;otein in
a malnourigshed population by creatinine mea.surements .- He found fhat
urinary creatinine excretion measurements are useful m fiela studies as
an indirect estimate of muscle mass changes. These measu.rements. may
be of great value in assessing the relative degree of pretein depletion

of population groups suffering from shortage of dietary protein.

Blondell (16) suggested that patients 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 davy.
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EFFECT OF NITROGEN IN GROWTH

OF CHILDREN

Protein is one of the essential factors in the growth of children
including body Weight and body height . By radiographic measuremen.ts ,
weight may gain rapidly, but body length may not be greatly altered,

because of many factors.

It is recognized that the development of muscle mass is a param-
eter which isr dependent on protein nutrition, if the needs for other es-
sential nutrients are sat‘isfied . Nitrogeh balagw.ce of children esua lly is
positive since increase in size is sacrificed in order to conserve Weight.

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

Deshpande (17), in his s‘tudy of ra.;ts , found that fhe 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 0.5 per cent of L - lysine and 0.4 per cent of threonine. The im-
provement in growth was obtained when s'eveln more essential amino

acids were added.

" Although lysine was limiting for growth, liver fat did not ac-
cumulate when the diet contained 78 per cent of white flour. Fatty in-
vfiltration', which occurred when the flour was fed ata 5.4 per cent pro-

tein level; wa s prevented by a lysine supplement.
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The maximum growth, however, was obtained when intact pro-
tein formed part of the supplement; but growth was not as rapid when
the protein was replaced by equivalent quantities of crystaline essential

and non-essential amino acids.

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

dren Wi_th the following conclusions:

"The effects on growth va'nd bone density of adding lysine to thé
food of-forty—two sub -a.dolescénf orphanage chi‘ldren consuming 'a diet
which _prQVided 62 grams Qf protein daily (ratid of protein from animal to
~that from vege-tabl_e sources 1.56:1, lyéine:tryptophéne ratio 5:1) have
been studied. A group of forty-tWo other» g:hildren on the same basic | |
diet as the eﬁperimental group, with a similaf distribution in respect to
sex, age and response to height-weight, bone density and biochemical
tests, served as controls. Bone de‘nsity’was measured by the methéd of

radiographic densitometry.

" L; lysine monohydrochloride to the extent approximately of 70
milligrams per kilograms of bodi.yA weight was added to the fQod of the ex-
perimental group daily for the dura,tion of the s.tﬁdy ; which was five and‘
a half months. The lysine:tryptophaﬁe ratio in.thé bésic diet plus the

lysine supplement was 7.9:1.
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"The experimevnta'l.,childr_en receiving the lysine supplement
gained in growth to a significantly greater extent than did the control
qhildren. Tﬁey also had statilstically significant gains‘in bone density
in two anatomic sites, whereas the control children did not have sig-
nifiéént bone density increases in the regions measufed . Bone density
gains in .the.experimental' groufJ in a section of the distal end of the
radius , which passes through the epiphys'is and diaphysis, were greater
than thqse in @ section of the oé calcis which does not include the more

rapidly growing portion of the bone."

Sanberlich (19) found in a study with rats that amino acid im-
balance was produced by feeding a casein gelatine diet or a casein oxi-

dized diet. He suggested the following:

. The reduction in gfowth of the animals due to the imbalance
could be cormrected 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 total tryptophan- (and certain other
amino acids) excreted in the urine by the rats on the imbalanced diets
‘was two- to three-fold over that excreted by control animals or by ani-

‘mals receiving supplements of tryptophari alone.
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PROTEIN AND MALNUTRITION

Numerous obsefvations have indicated the i.mpo-rtance of pro‘.cein.
in hemoélobin forma'ti'on.. | Aniémia devnelops: in raté fed ‘av diet abnor-
mally low in protein a‘nd‘ be vcoirrected by feeding protein, aVCCording to
Orten (2 O) . Numerous .iﬁv‘est‘iﬂ}gatbrs have shoWn that.,' in_dogs fed'abun-
dant iron and protein—freé or low prdtein d‘iet‘s . globﬁlin can be readil_y
formed from pias ma , casein, Qr hemoglobin. There appears to bé a
"dyna nﬁic equilibriurr;" between plasma protein cell protein. with the re-
sult .tha’lc proteiﬁ ‘d‘ef‘ic.iénc‘y affects hemoglobin synthesis as well as the
produétion of othv.e1_' body 'prot‘eiris " and increased. demands for hemo-

globin will call upon the géneral 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
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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
treate?d with the serum of convalescent burnt dogs which had been .
treated With_the serurri of healthy an'ima ls. No toxicity of the serum
was obsérved in the first group, while the blood of the second grqup re-
tained its toxicity during the whole experiment period. The tréatment |
with immune blood serum had an inhibitory effect on the catabolic
process , although the ﬁegative nitrogen balance was half that obse’rved

after the first burn.

PROTEIN IN REIATION TO KWASHIORKOR

IN CHIILDREN

The author's interest in protein and nitrogen malnutrition has led
her to stu_dy the literature of this field in relation to kwashiorkor, which
is less prominent in Egypt than in many other far East countries , but is

found there to a certain extent.

Davidson, Passmore, and Orr (23) have described this 'prbtein- |

calorie deficiency disease as follows:

"Kwashiorkor is a nutritional deficiency disease due predominant-

ly to an inadequate intake of utilisable'protein y éccurring principally in
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children shortly after wéaping and charaqterised by muscular wasting,
oedema , irritability or mental apathy, failure to grow and a liability to

a damaged liver.

"Ihe 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 intake of protein

Historj

"Qice'ly Williams (1933) was the first to record that 'some amino
acid or protein -defic.iency,' .might be én aetiological factor in kwashior-
kor, thé na fne gi\}én to this disease by the Ga tribe living in énd around
Accra, th_e ca'pital of thé Gold Qoast (no;/v Ghana). I,ater,r'Dr. Williams
(1958) wrote thai: the definition of kwashio‘rkor‘ which was originally
given to her ié 'the sickness the older child gets when the next baby is
bomn"'; this translation indicates the circurﬁstances in which the disease
most commonly develops , namely ari ignorance.of the best foods to give
childrvén -during the weaning peljiod , Or an inability to provide therri for |
one reason or another; She noted thaf the same .condition has been de-.

~ scribed in 1906 in Germany, in 1924 in Indo-China , in 1926 in Mexico
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and m 1928 in Ea.s'thfriCa__;._ In fact the diseasé occurs in any part of the
world if the diei:ahj conditions deséribed below aré present. Elsewhere
in Africa doctors have frequen’tly misinterpreted the descrivptivev term
'kwasﬁiorkor' to méan .'Ired b‘oy'- or 'pale-coloured childk. " Chilldreri suf;
fering fro_m k\-/vashio'rk‘or frequentiy have pale-coloured skins‘and mucous |

membranes and depigmented.....

"Des'criptive names for this syndrome which have been used in
the past 25 years by clinicians include 'infantile pellagra,' 'malignant

ma lnutrition,' 'syndrome dépigmentation—oedéme, 'distrofia pluri-
carencial.' 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 _V\lri'th other déficiency diseases all the clinical features can-
not be attributed to a sincjle diétary defect; but ,there is little doubt that
the predominant features are due fo é deficiency of protein, either abso-
lute or relative fo ene'rgy req.uirements - At periods of life when
there.is gfeat need' for buth protein énd{énergy tolmeet the demands of

growth, as in infancy, childhobd and at puberty, or during pregnancy and
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lactation , dietary res.tr.i'c-t}on of either prc_)t'ein or calories, or both as is
.most often the case, will precipitafe the deveiopment 6f kwa.shiorkor.'
1f the cusfomaz’y vdie‘t of a popﬂlation is limited in protein‘ and cal.ories;
to around the levels,of miﬁimal requirements, the diseaée may.be pré-
cipitéted in epidemic .proportionsi by. outbreaks of febrile illnesses subh
as mala r‘ia ; fréxe.asle‘s.or whoopirllg—cou«gh . A helminthic or othéf infection
may bfing out theﬁ disease in a child belonging.to a family Who.s}e di_et is
barelﬁf adequaté. Here are good. examples of the importance of cohsum-
ing a recommended allowance of'any nlltrieﬁt ‘which‘providets a safety

- margin above.‘t.heymihizlnum‘ requirement for growth and maintenance. In |
addition ,. failﬁre to‘-utilise prpperly such dietafy protein a.s .is.évaila_tble.
may res ult from a lack of digestive enzymes, itself ca'used by a quanti-

tative or qualitative deficiency of dietary protein.

"The syndrome has been described at all ages _apd in both sexes.
| Undoubtedly .it is mos;c common in thosé infants or toddlérs whose
mothers wean théif children errﬁ the breast on“ to diets which are mainly
Acomposed of étardhy ‘gruels containing too little protein and periding tdo
’11».t\tle energy. Thié may be on 'aécount of ignorance of good nuj:ritional
practices br lack of money to buy better ~foods-.A In the less-developed
countrie§ ; 'where the majority of the world's populétion live, such
.moil:hers; .too oft.en do not have ready ,acces's to suitable protein-rich foods

with which to supplement these gruels 5
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"Kwashiorkor is'a‘__rare'd.isease“ 'in‘ countries in which literacy,
education and developed food—procéssing industries ﬁave'.ma_de it »possi-
ble for all classes of the population to obtaih'a nd consume dietsvvwhichl
provide sufficient energy énd.nutrients . Occaéion’ai cases are encoun-
tered in New YQrk , Paris, Iondoﬁ and other c-ities which incvlude amoﬁg
their popula;tioﬁs immigrants .frbm less-developed countries. Such peo-
ple are unaccustomed to urban living conditions and are inexpert in vpur-

chasing diets suitable for the younger members of their families.

"In the rural areas of many underdeveloped countries families
grow their’ own food and e'mploy methods of crop culture and food proc-
essiﬁ_g adapted over the centuries by circumstances to be compatible .
with the éontinuing existence of thé comfnunity . Many traditional
methods of crop production and food prepératioh must. bé commended and
should be retained. Others should be modified and made mvore efféctive
by the ihtfoduction of new techniques su’itable to local éonditions.. ‘Al—
though food supplies may be sufficient in .thesue rural areas , cases of
kwashiorkor dccur, often as the result of failure to comply with tradi-
tioha’l dietary habits for r_easons. outwith thé control of the fa mﬂy group.
For instance a mother may die, or develop breéét abscéssés and her
milk fail, when her child is a few weeks or mon_thé old; no aunt, grand-
mother or grand-aunt may be in la'ctation‘a't this pritical time to act as
‘a foster—nu.rse. In mény fural areas tﬁe 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 kw’a-;‘hiorkor may incr'ease‘ at this time. The inci-
(‘dence of kwashiorkor in children frbm birth to nine yeéfs of.age; iiving
in the rural éreas of Nigeﬁa , wés found by Nicol (1959) to vary betwleen
'2 and 5 per cent, beingvhighest. in éreas where. thé staple foods afe
yams’, ca_ssa’va or ofher étarchy fubgrs , and lowestA whére cereals such
as hsorghu‘m' é.nd fnillets (Sorghum \.fulga-re , 'Pennisetum typhoide‘um and
Eleﬁsiﬁ-é céracana) provide most of the dietary calories and pro‘te;;m. The
incidéncé o‘f kwashiorkor in othér African countries is probably of the

same order, most cases occurring between the ages of 1 and 4 years.

"A much higher incidence of kwashiorkor may be found in the
rural areas cj.f- cbuntries which ‘are much more densely populated than
those of fhe African contine’nt., suclh as the Indo.n‘esian islands 'andv Benf
gal in Ind.:ia , and also in ;apidly growing towns in the tropicns " Here ,

- lack of land to érow sufficient food.stuf‘fs to provide the customary diets,
and the high cost in the city mafkets of ;’)rotein-fich foods, Whéther
-fresh or p.rocessed , are factors ladditional.'to‘ léck of nutritional know-.
ledge, sea"sor'lal food shorta ge's and misfortune which operafe to produce

| thé syridréme ; Paediétric' ward»s' in city hospitals usually conté in severe
cases of kwashiofkor, and the out-»p_atient dep.ahrtments treat many; ‘more

patients who afe less seriously ill.....
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Clinical Features

| "Failure tb grow is‘a constant and essential feature of the dis-
ease. The child's weight is usually much below sfandard fér hlS age_,'
but real weight rhay be masked by oedema. The muscles are a lways‘.
wasted and this is 4partic:ulér1y notiééable around the_.c'hest;' the.w'ast; R
ing of the legs aﬁd around the hips »is .frequvently c.Oriceal-evd by bedéma ’.
If the disease has resulted from a dietary restriction.o'f béth ca loriés
and protein, mus»cle wasting and an élmost complete lack of subcuta -
neous fat is the most‘ st‘riking feature‘, but the feet’ are oedemato-ué
('rna'ras mic kwa.shiorkdr')_. Subcutaneous fat is often p.l'entiful iﬁ chil -
dren'whose dieté have provided ample calories but little protein. The
child is often apathetic éﬁd this is a most serious prognostic‘ feature.
A return frofn apathy to irritabiiity is a sign of successful iﬁitial treat-
ment. The hair is nea"rly always a’ffectéd in African children; in Asiétics
the changes are less frequent\and less marked. There is an alteration
in texture. The hair become's fihe, straight and soft, it loses its burl -
and lustre and is often sparse .. ‘Tﬁe hair of African children Amvay show a
varie'ty 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 hairAis not necessarily an indicafion of the severity
‘of the diseas’e-. Childfen who have been unwell for é‘ long 'time but
never 'seri.ously ill; may show them most fnarkedly. Altérations in the

skin are often present, especially in severe cases. These include
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" pigmentation, depigmentation ,'deSquamatiOn"and ulceration. The legs, |
buttocks and perineal areas are most fr‘equenltly' 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 and extend down fo the umbil -
icus‘. Anoréxia and vbmiting occur and there is often a distressing
diarrhoea , with the passa gé of stools containing much undigested food.
This featui‘e may be sec:ondary~ to the failure of the pancreas td secrei_:e
digestive 3'1iices,' especially lipase. Important losses of potassium may
result frorh the diarrhoea. There is nearly always some anaemia, bﬁt it
is nc->t usually very severe. Both the degree of anaemia and its naturé
are largely determined by assqciated infections and other dietary defi-

ciencies.

Proagnosis

"Kwashiorkor is often a seVere malady with a fatal termination,
but it .ex'iéts in ‘a great variety of formé and may be so mild as to escape
atteﬁtion; in such cases complete recovery is the rule. The name 'pre- |
kwashio'rkor' has been suggesi_:ed for the state .o'f subclinic§l protein de-
ficiency in children in which a failure in growth, a reduction in the
‘serum albumin and an-i'ncrealsed liability to diarrhoea a‘nd respiratory in-
: fedtioné are the s.alient_clinical features . - There is good reason to be-

lieve that pre-kwashiorkor is extremely common in regions where the
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‘fully developéd syndrome is .found .I But even mild degrees of fatty de-
'generation ofthe liver Which Vheal with slow absorpfion of the fat, méy
leave a liver pecﬁliérly susceptible. to infections and othﬁer poisQns |
This Qombinaktion o‘f factéré may lead to cirrhosis of the live;~ in Iaté -
adoleécenc;e 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 fac‘ulties
' partially impaired by their inadequate die;:. The ’importénce of this in
the educational and bhysical development of Africa‘ns is not yet ful.ly’

appreciated.....

Prevention

"This obviously depends upon eliminating the aetiological fac-
tors. Education in nutrition, the introduc;tion of improved farmipg
methbds , including irrigation, and the development of food industries
whereby protect.ive foods may be made avail'able'in large towns at a rea-
sonable cost to the cOnéumer, are all impértant. In each country Care-
ful thought must be given to the provisibn of protein-rich foods made
from local cropS ‘I/v‘hich are‘ suitable both for infant feeding .andbfor sup-

plementing diets low in protein.

'‘Such local reséérch 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 vége_table and animal origin..... 3

"Concentrates of vegetable protein made from oil-seed cakes,
when combined With.easily digestible sugars or cereal flours, havé b‘éen
found to be satisfactdry 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 mixtureé . By
mixing one vegetable product with another, deficiencies of amino acids
in single proteins can be made good. qu instance, sesame flour, which
has é low content of lysine but ample amounts of methionine and trypfo— ‘
phan, can be blénded with bea_n flour, which is rich in lysine, to make
a mixture of high biolqgiéal value. Most of the edible pulses have a
high lysine content and so make good supplements to cereals sugh ds

wheat, sorghum and the millets.

"Even small amounts of foods of animal origih such as dried milk
or concentrates of fish protein, which are nAot readily available and are
expensive in countries where kwashiorkor is prevalent, are of great
value when mixed with high-protein vegetable foods. A mi;cture 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, ié as effectivevin

the prevention and treatment of kwashiorkor as dried skimmed mil_k alone.
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The first is prepared by Cow & Gate in Nigeria and marketed'as Arlac.
The bééic r-esea’rchwhich rﬁéde the produdtion of this prcna‘duct. possible
and establ\ished its nutritional. and therapeutic vva‘lue was carried out by
the Nut'ri.t.vion ’Unit of the Nigerian Federal Ministry of Health and the
Northern Nigerian Ministriés of Health and of Trade and Industry. The
second product, called Amama, is prepéred and marketedr in éeveral
African countries by‘Glaxo . The United Néti’ohs agencies, :WHO, FAO - |
‘ and UNICEF, advise‘d by a panel of nutritionis.ts'drawn from differen’t
parts of the world (the Protein Advisory Group), have assisted many
countries to develdp the local production of protein-rich foods skuita‘ble
for the pre\}ention and tfeatment of kwashiorkor. Examples a-re' Saridele
prepared from soya beahs and sesame in Indonesia, fish-flour and
sorghum in Senegal, »anvd a mixture of cotton-seed flour with maize and
sorghum in Central America (Incap'a'rina: .the name is derived from the
initials of the Institute of Nutrition for Central America and Pana'ma) .
Another very satis factory but more expensive product haé been prepared
on a commercial sca lé in England from soya beans and 'chi.ckpeas (Cicer

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

Bio.

"Concerted action 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 fnorbidity and mor-

~ tality is to be eliminated."”

" Many special diets have been devised to cope With protein dé? j
,_ ficiénéies in children. Srikantia and Copalan (24), m‘embers bf the staff
of the Nutrition Research Iaboratories, Indian Council of I\/Ied"ica'l Re—
search, havé described a fish protein concentrate in the treatment of

" kwashiorkor as follows:

"Skim rhilk has been used extensively in the treatment o'f. kwashi-
| Qrkor and found satisfactory. Diets based upén vegetable sources of

| protein have also initia.ted satisfactory clinic'al cure although they have
been found inferiér in their ability to regenerate serum albumin. On the
other hand, _blendvs of vegetable protein énd milk have been reported to
compére favorably with milk alone, from both a clinical and biochemical
‘standpoint . Pish offers an inexpensive source of 1a.rgé amounts of pro-
tein. The long coast. line and the numerous inland rivers in India offer
considerable possibilities for the productioﬁ and utilization of fish as a
ma jor source of protein in the prevention and control of protein rrialnu-
trition. Recently several proc-es ses have been developed t.o produce de-
.odvorized, defatted fishy‘protein concentrates. Although some st'udie&s on
experimental animals have shown that the nutritive value of fish flours

" may vary widely, depending upon the species of fish used and the
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processing procedure employed, it is possible to obtain samples high

in protein. . Eae
The authors summarize their study as follows:

"Fifty-seven children suffering from kwa shiorkor were hospital-
ized. and given diAets in which the majof source of protein was from either
fish protein concentrate (FPC) or skim milk. Diets cohtaining fish pro-
~ tein chceﬁtrates 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 fhose obtained in children re-
ceiving the diets containing skim milk, 'excepi; for tﬁe indreavse in body
weight after the disappearance of edema. Analysis of the cooked diets
showed thét thé amounts éf available lysine were lower in the FPC diets
than in the skim milk diets‘. However, supplementation Studies , usiﬁg
pure L- iysine , suggested that the lower gain in body weight could not

be ascribed 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."
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EXERCISE IN REIATION TO NITROGEN

EXCRETION

-

" Alfnough Brooks (8), cited earlier, repvorted that, during a re-
straiint period‘ imposed on primates, urinary excretion of _nirrogen was
significantiy-higher than during pre—r.es'traint. She found , on th»e other
hand , that animals carryi-ng on re'gular exercise exhibited nc significant

change in excretion of urinary nitrogen.

Sa lrer (2.5). reported with human subjects that, Within_ fairly wide |
limi‘rs ,y ‘/var”iation:s in muscuiar acitivity did.not affect thev nitroc_:}en ba.l-
anc.e or:.prctein req-uiremen‘t .» When exercise Was increased suddenly to
'the point vrhere“rheindividual remained in a chronic state 'of severe
fatiguel, however, nitrogen losses occurred that coul.d-n-o't be compen-
sated for by alterations in the calcric intake. An increase in activity :
en .the ot»her hanri , increased nitrogen excretion only when the carbohy-
drare and fat consurnption were insufficient to cover the increased
ca lcric expenditure '. Permanent increa_se in muscular alctivity was found
to be a.cc':ompanied bya hypertrophy of the body musculature . This
change usually Was found to increase the amount of nitrogen retained if

there was an increase in protein consumption.

Yoshimura and Yamaji (26) made a study of protein metabolism in
students who were sub}jected to long continuing heavy exercise. They

found that a positiveprotein balance d.eveloped , although the amount of
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preteiri consumed was held constant and at the level optimum for an in-
.dividual in a resting state i. However, the ealeries Were rais-ed te rrieet
the inc'rea‘sed energy expenditure. After 10 days , While nitfogen bal-
ance of the experimental subject became positive, anemia and hypo- |
proteinemia appeared. This was due to an increased staite of erythr& |
cyte destruction, Uand was accempanied by acceleration of red c‘elll- fer-
mation in the bone marrow. However, the enemia .disapp‘eared spehta-
neously after two to three weeks, and did not reappear in the subjects
Who had‘beeri trained for heavy exercise. Excess protei’n in the diet
also breirented the subjects from having the anemia and hypeproteinehiia

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 meh were
kept immobilized for 30 days in bed and vwere not allowed to .raﬂise their
héads from their one pillow threughout the period, with all.of their physi-

cal 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

-eating the same diet and were engaging in moderate exercise.

All five subjects had significantly higher urinary nitrogen ex-

cretion during the immobilization period than in the control period of
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ambulation and moderate exercise'immediately preceding it. The average
daily urinary nitrogen excretion for these two periods were 18.77 and

15.93 grams, respectively.

It also was observed by these investigators that, during the rg-
covery period following immobilization,all 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.

NITROGEN NUTRITION IN RE'IATION TO INJURY,

SURGERY , AND CONVALESCENCE

The immedia.te vn'eed for protein in cases of severe disease can
be met by giving repeated transfusions of plasma and of whole blood.
-~ If the disease reSpohds satisfactorily, the nutritional state of the pa-

- tient will respond to special feeding methods (28).

| Cuthbertsonvw(ZQ)in 1930 was thé first to show that injury is fol-
lowed by an 'increas.e-a‘d excretion_of urinary hitrogen due to a breakdowh
.'V"c’>f prcteins'throughout the body. The resultant negative nitrogen bal-
ancl‘e ié ﬁsually of thev order of 12 t.o 15 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 o'f loss persists for 2 to 3 days and then decreases,

- provided convalescenCé is proceeding satisfact‘orily. A negative



46

nitrogen balance mavy, .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 ofte'n, higher than the correspond-

ing nitrogen losses.

:, The cause of this tissue breakdo"wn in response to injury or
surgery is almost certainly due to-an increa‘sed secretion of cortical
hormohes by the adrenal glands. This is part of the normal physiologi-A
cal response to stress and is mediated through the pituitary gland and
increased secretion of ACTH. It is not poseible to prevent this loss of
tissx_le by dietary measures and, in s‘o. far as it seems to be a physio-
legical res.,ponse , there is little justifieation for atte.rnpting to do so..
However, the loss must be made good when convalescence is estab-

lished.

in assessing the nutritional state of persons who have ‘had se-
vere injuries or have.undergone ma jor -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 disﬁu_rbaace.’ These’
| are being increasingly used in surgical clinics . The interpretation of
'chaﬁges in weight is, hdwever, not alwa.ys easy. vLoss Qf tissues may

be masked by the accumulation of oedema .
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Prot‘ein deficiency is ”u_ridngtédly the most important nutritional
aefiéiency in surgiéal praCtic'e.- The iévél of éerum albuﬁlin is a useful
index bf the state df protei.ﬁ‘repleiati’on . Thé level in the serum is in
’ 'pavrt determined by the state of hydration. | Thus dehyciration leads t‘o a
redﬁqtion in plasma volume , énci in consgquehce the levél éf albumin
méy be within normal limi_ts ,A 'déspite ’c“he~ .fa‘ct that the tota 1‘ ciuantity of
serum albumin may be cjre.va‘tly redﬁced . The use of the haematocrit and
the measurément of the totai blrood' vo'lumé mayﬂ'help'in asseésing these

changes.

REIATIONSHIP OF HORMONES TO NITROGEN
EXCRETION

K Numero»us authors have stated that there is a relationship be¥
twéeh .steroids’and nitrogen excretion'. One author, Chen (30) carried
Q.ut a étudy oh the excretion ‘of urinary 17-hydroxycorticosteroids by
thev same four primates as were used in the author's study described in
thi's diésertationv. It is not known whether of not‘ there was a cause and
effect relationship between nitrogen excrethion»a,nd excretion of 17-hy-
dfbxyéorticoids . Neveftheleés " bo‘ﬁh_ substaﬁces were similarly affected
by restraint, with the following results emanatihg from the latter study,

as described by the author of this study:

"The urinary 17~hydroxyc'orticostéroids which were isolated

from the prima te urine come from adrenal glands. This hormone is
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concerned principally with thé.-intemrmediary metabolism of protein, car-
bohydrate, and fat. Itjalso has been reported that thi‘s hdrmone may
have some e_ffect on certain Vita mins and n&inera Is, although the exact

- effects are not settled.

"Four healthy male primates of the Magaca ﬁemestrina strain
partiéipated m a fe.strairivt" study WhiCh includéd a 54-day pre-restraint
| peribd , an ll-aay restraint period, and a 32-da‘y post-restrain‘t period.
At the end. of the bed rest period, two of the four primates were sacri-
ficéd in order té d.issect .oﬁut their b'ories for ‘th.e analysis of radioactive
__'45Ca . Duri’ng‘ the post~béd rest period, the remaining two animals

- were kept in their metabolism cages.

“"One of the interesting findings of this study was the fact that
the amounts of 17-hydroxycorticosteroids excreted in the urine varied
from primate to primate, although certain trends were found with all of

the animals .

"During the pre-restraint périod , the overall average excretion
of total urinary 17—hydroxycorticoéteroids among all four primates was

1.72 mg./24 hours .

“The overall averé ge of total urinary 17-hydroxycorticosteroids
excretion during restraint among the four primates was 5.23 mg./24

hours. This increase was highly significant for all four primates. .
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"During the post-restraint period only two animals remained in
the study, and their average 17-hydroxycorticosteroids excretion was
1.72 mg./24 hours. This value was not significantly different from

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

"On the other hand, a statist'ically‘signiﬁcant decrease was

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

tained during the restraint period for the same animals.'

RETATIONSHIP BETWEEN EXCRETION

OF CREATINE , CREATININE , AND

NITROGEN IN THE URINE

Another investigator; Varia (31) made daily tests on the urine for
creatine and creatinine excfeted 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 Whicﬁ wés hi-ghly significant (P<'0.001). During the Pre- |
Réstraint Period, the mean creatiﬁé éxcretioh arﬁong all four primates
was 30 milligrams pér day', a‘nd during the Restraint Period, it was 318

milligrams per day. During the Post-Restraint Pé;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 primatesl had very li.tfle ac;tivity when they were
retumed from their couches to their metabolism cages. This fact Wéuld
'provide the reason why both primates excreted higher amounts of crea -
| tiné‘ d.'uring the Post-Restraint Period as compared to the Pre-Restraint

Peridd .

"With regard to creatinine excretion, there was not any statisti-
- cally 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 cfeatine and creatinine by five healthy aduit male subjects
during‘immobilization and ambulation. The subject who had the greatest
excretion of urinary nitrogen during immobilization also experiénced a
greater excretion of urinary creatinine than did any of the other thrée
subjects, with no increased excretion of creatinine by the other three
subje‘cv:ts . Nitrogen excretion was increased in the urine to some extent

in 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 urinary creatine went
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back to normal excretion levels. This agrees with the general concept
that creatine is not excreted in significant amounts 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 humanlstudy consisted of two 14-day Bed Rest Periods with
and Withoﬁt planned isometric and isthrﬁc exercises . Four adult male
subjects barticipated in the first Bed Rest unit and two of these éubjects
remainéd.fof the second Bed Rest Period, Thé exercises were repeated

four time's a day during Bed Rest 2.

The results showed that three of four subjects excreted signifi-
cahtly.hig'ﬁe’r amounts 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 Signif'ica/ht for any of the subjects. On_thé other hand, creatinine
excfetion»va. lues 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 was divided equally into three

14-day periods: equilibration, experimental, and recovery. Two
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maneys served as controlg , two were ‘restrained without activity, and
‘t\&.o were forced to exercise for one hour each day. Following the

) éduilibration period of normal cage activity, two primates were immobi -
: iiéed in specially designed restraint couches and the second group was

| fqrcéd to exe;Cise for one hour a day during this period. ‘In the recovery

period all of the primates wer'e"allowed to have normal cage activity.

The re_sults indicated that , during the equilibration period as well
as the recovery period, there generally were no statistically significant
.differences betWeen thé three ‘groups of monkéys With"regafd to the
quantity of creatine excreted. As expected, the restrained monkeys ex-
| éreted more creatine during the experimental (restraint) period than did

thé other two groups of monkeys (P< 0.001 in each comparison).

Durihg 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 uri'nary.cﬁrieatininé excretion, the exercised animals
excreted less creatinine during the'Exercise. Period than during the Pre-
Exercise phase of the study, although the differences were noﬁ statis -
tically significant. The’same‘primates during £he EXercise-Period ex-

creted far more creatinine than}duringfthe Post-Restraint Period, probably
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because they were observed to exercise voluntarily in their cages for
protracted periods of time after the supervised Excercise Period had
ended.

The control animals did not excrete markedly different levels cf

creatine or creatinine during the various periods of the primate study.

The 'results of the above studies indicate that a suitable exer-
cise program could prevent some Ofl the undesirable physiologic and

biologic changes that might occur during long space ventures.



SUMMARY

The purpose of this study was to determine the physiological
effects of immobilization on the amount of urinary and fecal 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 thé Post-Restraint Period, two of the four primates were
‘sacrificed so that the bones could be analyzed for radiocactive Ca45 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 , biochemical tests for the nitrogen
excretiori in urine and feces of the primateé , 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 nitrogen and total nitrogen during the Restraint Period,

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 owﬁ C‘ountry, Egypt; she has revieWed the subject o‘f
nitrogen in relation .to the hea 1tﬁ of populéiions i particularly of chil- |
drer;, with éspecial emphasis_.»-on kx‘zvas_hior'kor‘,'a seve‘re protein defi-
ciency disease comﬁlon to s:ome. -extlent" in Egypt and to a 'greater'extent
in ofher African copmt'ries:.’ She also ﬁas”revi_ev'ved WQrk which has been
done on inexpensive dietary sourcés of pr'ote'in, on exercise in relation
to hitrogen retention ,Vfon ni’_crogen' nutrition 1n "felation-to injury , surgery,
and convalescence, on the relation' of nitrogen éxcretion to hormone
excrétion,. and on the relétion of uri{n'ary nitrogeh excretion to 'the' ex-

cretion of creatine and creatinine.
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TABLE L

URINARY , FECAL, AND TOTAL NITROGEN EXCRETED BY PRIMATE 239

(Milligrams per 24 Hours)

2080

421

DURING THE INVESTIGATION

2501 _ 23 2773 34 2807
9 2660 451 3111 24 3400 83 3483
10 2682 512 3194 25 4070 83 4153
11 2100 257 2357 26 3087 230 3317
12 5425 476 5901 27 4030 204 4234
13 2320 220 2540 28 2448 294 2742
14 2728 234 2962 29 1863 978 2841
15 1961 235 2196 _30 X 259 259
16 2356 518 2874 31 3936 - 393 4329
17 2315 380 ____2695 June 1 5640 342 5982
18 2320 318 2638 2 3336 251 3587
19 2430 264 2694 3 2120 212 2332
20 2495 362 2857 4 1650 357 2007
21 2160 303 2463 5 2058 542 2600
22 1100 396 1496 6_ 3400 360 3760
23 3162 335 3497 7 3600 238 3838
24 2964 272 3236 8 4590 250 4840
25 2610 432 3042 9 2475 234 2709
26 5655 139 5794 10 1712 456 2168
27 1771 160 . 1931
28 2409 155 2564 | |
Mean 2648 237 2885
Mean 2491 444 2935 |
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TABLE 1II

.‘] JRINARY , FECAL, AND TOTAL NITROGEN EXCRETED BY PRIMATE 249

318

(Milligrams per 24 Hours)

4771

DURING THE INVESTIGATION

45

2645

19 4453 339 2984
20 1952 434 2386 28 3375 168 3543
21 1250 359 1609 . 9% 2673 167 2840
¥ 2345 426 2771 28 2777 185 2962
2225 - 2530 " \in | arzs | 83 so11
22 2246 320 2304 RESTRAINT PERIOD
26 2614 334 2948 ' - — SR —
: y 4 Date '
gg %ggg gf‘ié ggéz (1968) Urinary Fecal Total
29 2854 343 3197 April 25 325 141 966
30 2833 317 3150 30 3012 118 3130
31 2718 231 2949 May 1 4317 871 5188
April 1 2614 397 3011 2 1137 178 1315
2 2650 330 2980 3 3465 212 3677
3 2754 299 3053 4 478 26 504
4 2440 428 2868 5 3937 164 4101
5 2430 249 2679 6 3120 32 3152
6 2496 269 2765 7 4122 32 4154
L 7 2964 288 3252 8 3783 X 3783
8 2220 287 2507 9 2957 203 3160
9 3432 182 3614
10 1725 347 2072 Mean 2887 179 3066
11 2376 234 2610 |

29



TABLE III

I YA H04 4514 14 L3 oyl e sE At
31 . 2268 368 2636 ] 15 2295 215 2510
1April 1 2204 498 2702 16 1860 112 1972
' 1590 299 1889 17 1870 136 2006
- 3 2201 484 2685 18 1456 268 1724
4 2296 523 2819 19 963 233 1196
5 2632 386 3018 20 2343 209 2552
6 2686 382 3068 21 _ 891 200 1091
7__ 2438 415 2853 22 1045 114 1159
8 1762 444 2206 23 1650 253 1903 |
9 1168 232 1400 24 1127 106 1233 |
10 2065 536 2601 25 1705 427 2132
11 2656 288 2944 26 1567 210 1777
12 2480 332 2812 27 1624 163 1787
13 1095 297 1392 28 1788 _216 2004
14 1870 237 2107 29 1512 204 1716
15 2160 137 2297 30 1612 332 1944
16 2304 158 2462 31 1475 412 1887
17 1746 319 2065 June 1 1620 219 1839
18 1526 . 249 1775 2 1192 244 1436
19 2397 214 2611 3 1112 278 1390
20 2100 350 2450 4 1040 246 1286
21 2187 149 2336 5 1520 199 1719
22 1759 216 1975 6 1995 194 2189
23 2252 236 2488 7 1155 237 1392
24 2349 284 2633 8 1330 44 1374
25 2282 244 2526 9 1100 85 1185
26 2612 125 2737 10 870 111 981
27 2362 133 2495
28 2442 195 2637
| Mean 1623 210 1833
Mean 1963 354 2317 . |
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TABLE IV

URINARY , FECAL, AND TOTAL NITROGEN EXCRETED BY PRIMATE 423 -
DURING THE INVESTIGATION

Iy \ '

1595 266 86T " [ """ 733 2350 263 | 2613

17
18 2107 g 296 2403 24 2229 120 - - 2349
19 3036 198 1 3234 28 - 2772 - 153 2925
20 2072 424 2496 26 2139 230 2369
21 2322 250 2572 27 2450 119 2569
22 2037 551 2588 28 ' 2160 57 2217
23 2130 226 2356 - ' ~ . x
24 2035 ; 403‘ ' . ‘2438 s Mean 2283 - - 246 ' 2529 i
25 1100 130 ' 1230 | | : '
26 2382 306 | 2688 . " | _ ,RESTRAINT PERIOD _
27 3060 323 3383 ate B
28 1533 193 1796 (1968) Urinary - -Fecal .Total
29 1147 139 1286 April 29 1886 337 2223
30 3485 348 2833 30 6732 X 6732
31 2082 266 ~ 2348 May 1 4422 ¥ 4422
April 1 2090 233 2323 2 3062 38 3100
2 1035 278 1313 - 3 3595 103 3698
3 3488 1199 3687 4 4097 38 4135
4 4026 344 4370 5 4000 104 4104
S 2560 231 2791 6 4845 ’ 188 | 5033
6 2352 381 2733 7 4054 165 4219
7 2552 | 320 2872 8 3314 151 3465
8 2092 250 2342 9 4650 217 4867
9 2115 223 2338 .
10 _ 2009 223 2232 Mean 4060 122 4182
11 f ‘ '

2307 208 25195
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S_T_AILS:LLQ__QQ_ML_J&Q.NSQEU_RLABY NL.RQQ_&_&C_BLILQ&
B__I___._N_._ALS_EQ__ILEEE.R_E_N____ RIODS OF THE STUDY

FOR THE FQUR PRIMATES IN THE INVESTIGATION

~ Popula tions‘ Compéred Means Star.lda‘rd t” ‘Probability
. : 4 Deviation| Value
Primate 239
Pre-Restraint: | k .-2491 1146
Restraint. | 3302 leng. [ 205431 RS 0.08
- Pre-Restraint | 2491 1146
Post-Restraint 2648 | 1664 | 0-90%7 BB s
- Restraint | 3302 1319 '
- Post-Restraint . 2648 1664 1.1298 N.S.
Primate 249
 Pre-Restraint 2727 946
* Restraint 2832 jaig | YAREEL - HheBe

Primate 419

Pre-Restraint | 1965 615

Res traint | 3756 1204 | ©-9402) P<0.001
Pre-Restraint | 1965 615

Post-Restraint | 1623 sgy | 2-4845| P<0.02
Restraint 3756 1204 '

Brsst wRess tralnt 1623 sgp | 7-2909| P< 0.001

Primate 423
Pre-Restraint - 2283 532

Restraint - 4060 1157 7.5651 P< 0.001
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ITABLE VI

STATISTICAL COMPARISONS OF FECAL NITROGEN EXCRETION
BETWEEN PAIRS FOR DIFFERENT PERIODS OF THE STUDY

FOR THE FOUR PRIMATES IN THE INVESTIGATION

s e T

Standard . e

Deviation| Value Probability

Populations Compared Means

| Primate 239

Pre-Restraint 444 177

Pre-Restraint 444 177

‘Post-Restraint 237 202 4.8528 P< 0.001
Restraint 285 152 -
Post-Restraint 237 202 0.6837 N.S.

Primate 249

Pre~Restraint 283 72

Restraint 180 231 2.5704 P< Q.OZ

Primate 419

Pre-Restraint 354 147

Restraint 202 118 | 3-1407}  P< 0.01

Post-Res traint no | s |4.9807] P<o.00

Restraint .202 118

Post-Restraint 210 87 .2338 N.S.
Primate 423

Pre-Restraint 246 '97

Restraint ! 122 99 37309 P< 0.001
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TABLE VII
TATISTICAL COMPA OF TOTAL NITROGEN EXCRETION

BETWEEN PAIRS FOR DIFFERENT PERIODS OF THE STUDY

FOR THE FOUR PRIMATES IN THE INVESTIGATION

: : .5 Standard "t —
Populathns_ Compared Means Deviation | Value Probability

Primate 239

Pre-Restraint o 2935 118?; )

Restraint | 3578 1291 |1-6648 | P<0.10

Pre-Restraint 2935 | 1183

Post-Restraint 2885 1728 0.1552 N.S.

Restraint | 3578 1291 |

Post-Restraint 2885 1728 1.7142 P< 0.10
Primate 249

Pre-Restraint 3010 938 ‘

Restraint 3012 ‘1404 | 00012 N.S.
Primate 419

Pre-Restraint 2321 596 ‘

Restraint 3958 1200 6.4590 | P<0.001

Pre -Restraint L 2321 596 .

Post-Restraint 1833 | 02 |3-3711 | F<0.001

Restraint 3958 1200 | |

Post-Restraint . ' 1833 602 7.1774 P<0.001
Primate 423

Pre—Réstraint 2529 543 |

Restraint - 4182 Ligg  f7-A080 B 0.00






