-

View metadata, citation and similar papers at core.ac.uk brought to you by ;i CORE

provided by NASA Technical Reports Server

R ’ s 62 g6
v h '
" .
o _:.\~ . -
N ' Z{BRYO DIVELOFEIT AND CHICK GROWTH I¥ A
HELIVH - OXYGiy: ATHOSPHEREX
- - . -
S & T
A —-
Nl -
Harold 3. Weilss, Ronald A. Vright and Zdwin P. Hiatt
g ,"-; Envirommental Physiology 'Laboa'atory
Ng 2 Department o Physiclogy
o Ay PN The Ohio State Univ. Coll. of Med.
NN CoZumbus, Ohio 43210
8 \\5 GPD PRICE  §
{4
O : | ,
A - PRICES) $
z g ' . !l OTs A
- , a no
oo muos arrOvE Hard copy (HC)
Kail Proois to: Harold 5. Veiss SO
- Dept. of Physiology - Microfiche (MF)

The Ohio 3tate University
College of ledicine

312 Hamilton Hall -

1645 Heil Avenue
Columbus, Ohio 43210

L UNPUBLISHED T 4ARY DATA

Running head: He - 02 atmosphere on chick development

REPORTS CONTHOL No._._%_.


https://core.ac.uk/display/85255484?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

T
i

A

* Footnote: Supported by Grant llo. NsG-295-&2 Iron the National Aeroﬁﬂﬁics oo

and Space Agency.

ot

>
4 «
?

e .
L o LT,
ﬁ?ﬁw P -

L



\

\

t

ABSTRACT

Welss, H.S3., R. A. Wright and Z. P. Hiatt. Eabryo develcpment and chick-gz;owth

in a He-O,L atmosphere. J. Appl. Physiol.
A2195

Fertile chicken eggs were incubated .in approxinmately T9%) He ~-21% 05 with up

to 1-2% residual Np in a sealed, Ilexible, plastic isolator in which temp.,
relative humidity, 02 and CO2 were controlled. Live, healthy chicks were hatched
in He-02, but only half as many as in & comparsble air system (trial I, He-7
chicks/18 fertile eggs, air-16 chicks/18 fertile eggs; Trial II, lle-8/35, air-20/35).
The poorer He-02 hatch was due mainly to late embryonic death. Hatching time was
similar, but the He chicks were 9% smeller. The He 1solator required more electri-
cal power to maintain incubation temp. but had lower inside surface temp. During
developrcnt He embryos showed neither gross defects ncr diiferences in dry wt. or
in 1;2 conc., but er eggs lost 27% more wt. During an additional U4 weeks in their
respective atmospheres, chick growth and hemétolog;r were sinilar, but the He

birds consumed up to 16f more ieed. Higher heart and respiratory rates, lower TB

and a tendency to huddle in He suggested that the increased Zeed intake rignt be
in response to a higher metabolism, stimulated b o more rapid los~ of bod; heat
becaunse condvebtion of heet is O l/ o preater fu ile than 152. Iacreased corduchion
oi’ neat iu He may also be responsible Tor dehydratio: o. eggs as well as direct

)

c.Jects on embryogenesis. 3Sudden removal of cihicks into roon air a’ter 4 weeks in

He-C2 had no observable e:Tect.

Inert gas on development ¥sence o 1‘12 on development
Ke on development padiay o . Chick growth in He

Lrbryo development in He - Seeled systems

Artilicial atmospheres
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Current interest in "sealed environments" and artificial atmospheres has
focused egitention again on the role of gaseous nitrogen (Na) in the breathing
atmosphere, Using the avian embryo as a convenient assay organism, several
workers (1, 3, 15) have indicated that departures {rom normal growth and devel-
opment occur when helium (He) is substituted for NE' Volskii (15) indicates
that when eggs are incubated in suchk Np - low atmospheres, the emkiryos die by
. the ninth day end Allen (1) finds 93% of the embryos show some abnormality by
the fourth day. Boriskin et al. (3), on the other hand, hatched normal chicks
in an 80% He - 20% O, atmosphere, but only u#alf as many as in & comparable air
system. Alihough Allen (1) takes Bo: iskin et al's. (3) Lower hatchability in
the He atuiosphere as support of his findings of only 7% normal embryos >t four
days, clearly, any size hatch is incompatible with Volskii's (15) observations
that all emkryos were dead by the ninth day.

Boriskin et al. (3) mention maintaining chicks in & He-O, atmosphere for
several weeks, but gives no details. Neurospora are reported to grow more
rapidly in He- » » possibly because of elimination of the narcotizing influence
of W, (12). Although early studies indicste normal growth of mice in He-0p
{2, 5), vecent work suggests that metabolic rates are clevated, possibly
becauée of greater loss of body heat due to higher heat conduction in He com-
paved to N, ( 7 ). Similarly. Boriskin et al. (3) suggest that their poorer
hatch of chicks in 35-02 was due to lowered intregegg Lemperatures because of
the more rapid conducticn of heat in He. Volskii ( 13 ), however, raises (or
perhafs better, resurruets) the intriguing question of whether failwre in em-
‘bryonic development may not be due to blockage of some essential Nahfixation'

rocess.
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As envirommental systems which exclude gaseous N, exre either in cwrrent use or
are contemplated for long term space and unaerwater exploration and as therapeutic
measures in surgery and medicine, it would seem importarft to pursue further the ques-
tion of substitution of He Tor N,. This report summarizes dur results with the avian
embryo through hatching and on chick growth therealter, in a gas mixture of 795 He and

21% O, at one atmosphere total pressure.

PROCEDURE
Egg incubaticn and chick growth phases were carried out in clear Illexible plastic
containers, roughly 2 ft. x '3 £t. in size, very similar in design to the isolators used
in germ iree work. Slight positive pressure of 8 - 10 “‘ m H20 maintained by a wei-
ghited spirometer, kept the isolators inflated and insured that any leaks would be out-
board. Changes in spirometer level also served as & measure of gas movement througn the
isolators, whether' due to leakage or metabulism or both. During incubation the isolators

were covered with a thin layer of reflective cloth to reduce heat loss.
Helium (He), oxygen (0,), combinations of He and O, and room air were introduced
into the isolators via the spirometers as required to maintain an atmosphere of appro:d,‘-

-

, 0. :
mately 79% He - 21% O, in the experimental and 79% I, -2155,\& the control syster. Muffin’

2 :
fans of 100 CFM capacity kept the gas continually mixed. Transfer of materials in and th
of the isolators was accomplished via an 13 in. diameter flushable gas lock and manipu-
latione within the system via dry-box glc.wels , without contamination Ly room air. Electric
al and gas connections were made through rubber sioppered nipples one inch in diameter.
Procedures were set up to keep isolator onment within the range considered
normal for incubation of chicken eggs and growth of chicks (12, 14). Isolator gas was
pumped through a closed external circuit containixig irdicating soda lime for carbon
dioxide (002) absorption and a water cooled condensor Iox removal of excess molsture.

The volume of water condensed was measured to the nearest ml. Flow through the abdorbing

circuit wvas adjusted to keep 002 , 88 meagured on a Backman LB-1 analyzer, below 0.5%.



Relative humidity(RH), as monitored on a hair-type hygrometer, was kept be-
tween 50-T0% during incubation. Little use was required of the condensers
during incubation, but before the growth phase was over, they were being opera-
{ted at their maximm capacity.

Oxygexn was monitored on a Beckman E-2 analyzer and He on a modified Cam-
bridge analyzer. Temperatures (T) were monitored both by thermistors and con-

ventional thermometers. Thermostats were used to keep gas temperature {gas T),

close to 99.5°F duriug incubation and to allow it to decrease by 5° per week
alter hatching. In one trial, the inside top surface T of the isolator was moni-
tored by a thermistor and electrical power iuput was followed on a kilowatt howr
(XWhr. ) meter. All variables were recorded at least daily and generally 3 times
a day.
Up to 43 fertile eggs were incubated at one time 4n a wire tray pivoted in
the center. The tray was turned through 90° three times a day for the first 18
days and kept horizontal thereaiter. At intervals during incubation, eggs were
weighed within the isclators to the nearest g, and groups of eggs were reucved for
various tests. Some oi' the removed eggs were opened for visual examination of the
embryos in situ, féllowing which the embryos were excised and hgld at 105°b for o4
hours in order to obtein dry weights. Other embryos were used for metavolic studies
and tests of sensitivity to x-rays (17), Still other eggs were analyzed, shell and
all, for total Ny by macro-Kjeldahl, alter first being digested in conc. HCl and
thoroughly mixed. These particular eggs were weighed to 0.001 g belore incubation,
and the presence or absence oI an embryo determined by candling belore the N2 analyses.
Time of hatching was determined by noting the number of chicks out of shell
at the various observation times. Alter 22 days, all incubation materials, ex-
cept Jor some of the chicks, were removed from tlie isolators and cages introduced

in place of the hatching trays. Chick weighta were determined at ireguent intervaels
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to the nearest g. Chick starter mash and water were supplied ad libidum, and
in one trial feed and water intake were measured daily. Feces were caught on
aluminum foil and removed from the isolators approximately weekly. At inter-
vals, heart rates (HR) were recorded on an ECG, respiration rates (RR) .visu-
ally or by pneuwmograph comnected tp & pen writer, and body temperature (TB) by
‘ rectal thermistor. Blood samples were taken Trom a wing vein or by hear+% stab
for hematological studies (‘}),

Where possible, analysis of variance statisticel techniques were aspplied
to the data in order to detect treatment (He vs air), period (mainly week to
veek) and interaction (treatment vs period) effects. In general, however, only
average treatment values are presented in the tables and reference to period and
interaction made only where they were statistically significant and pertinent
to the analysis.

RESULTS

Incubsation phase

Hatchebillty of eggs in He-O, compared to air was studied in two trials
with results as shown in Fig. 1. Normal appearing chicks hatched out in both

systens, but significantly fewer from the eggs incubated in the He-0_ atmosphere.

2
Despite considerably poorer hatchability of all eggs, including the air controls,
in Trial IX, the depressing effect of ¥ He was much the same in Trials T and 3T
(55 and 40 decrease respectively). The 39¢% hatchability of the alr eggs in

ial I may be considered gquite es sood as is normally encountered in commercial
incubation, indiceting that there was nothing inherently deleterious in the iso-
lator procedure. a
Times of death was estimated for the embryos in Trial II only (Table 1) and

indiceted that the mejor effect ol the He was expressed in a higher number of

iate deaths {15 days or later). Had a.l the late dcaths hatched, Jor example, there
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would have been 28 chicks in air end 24 in He. On breaking open unhatched =gg:
to determine time of death, greater dehydretion was consistently evidenced in
the He eggs by Increased size of the air space.

Average hatching time was estimated from the recorded data of 8 number of
chicks out-of-shell at various times between the 18th and 22nd day. This is a
somewhat crud- estimate and n> statistical treatment was attempted. The only
effects suggested are a slightly shortened hatching time for He eggs in Trial II,
and for all eggs in Trial II (table 4). Body weights oI those chicks which did
hatch were significantly less in He than in air. The degree of depression in
size was almost identical in the two trials ,' close to 9%, although control chick
weights were about 7% higher in Trial II than in Trial I. In making weight
measurements, air chicks were selected at random to equal the number of He chicks
available.

Date obtained on isolator conditions during incubation are summarized in
Teble 2. For gas T, the only signiZicant treatment effect was the 0.2°F higher
level in the He system during Trial II. Average gas T in Trial I was 0.50 F lower
:nd in Triel II 0.301:' higher than the planned for level of 99.5. If, in view of
the 89% hatch in the controls, we consider the gas T in Trial I to be optimm for
incubation in these isolator systems, tl;en in Trial II, the higher oversall T as
well as the higher T in He is generally consistent with the assoclated smaller
hatches and shorter hatching times. However, as all *these incubation temperatures
appear to be well within the range in which normel hatches could be expected (i‘#‘)
it would seem that at most, only a very small part ;:»f the obszrved differences in
aatchability can be ascribed to differences in gas T.

Inner surface T of the isolator was 0.7°F lower in the He system. Most of
the difference between systems in surface T developed during the last half of

incubation and was due “rwartl: +o a rise in surfece T of the air isolator while ™
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that of theAj.solator remained close to 94.0°F (interaction significant). For

the last week of incubation, for example, the difference in surface T was 1.4°,

Power input tended to be higher or the He system throughout incubation, but -
statistical significance could only be shown by resorting to analysis of the daily
differences between systems. The smaller standard errors (38) associated with tem-
parm':ure measpremen’gs in Trial II apparently relflect the greater stebility and sensi-
tivity of an electronic compared to a mechanical thermostat used in Trial I.

F3 0? concentrations tended to be 1-2 percentage points Pelow the planned for .
level o 21% with the air system slightly (0.6 to 1.0 percentage points) but never-
theless significantly lower than He in both trials (Taeble 2). Tauvs wha‘x;éw}ér )inhi‘oi-
tion on hatching the lower O, levels might have had, should have been most epparent
in the controls. No differences were fcuad in the CO »

2
0.4% :n all trisls. Measured He levels vere close to tiie 79% level planned for.

concentrations which were below

Nitrogen concentrations, determined by difference (100% ""5502'2002"7’}13)’ were close
to the expected 79% in the alr system, and less that 19 in the He system (where,
theoretically there should have been none). Relative humidity varied between 55 aad -

65%, generally higher in the He system. In both systems, moisture Le:'nde&_ to condvune

S gt} A

out and be trapped in.the gloves, tubes and nipples extending outward from isola;toi's.
Some of this condensate was lost when ébnn.ect.ions to the isolators hked to be manipu-.
lated, but no quaatitative measurements were made.

Eggs in He lost more weight then thosfpin. za):!:r throughéut incubation, the dilfer-
ence emownting to 1.9 g or 27‘,‘5 by the 19th dayﬁ Anelysis of this weight loss according
{0 the degrece of cmbryonic development {Table 3) shows that the greatest diffei'ence
between treatments existed in thé late death group (45%) and least in those whiglvzv
hatched (17%). Treatment had, no effect on embryo dry wvelghts  during

the Tirst 2/3  of incuvation, the 'average velue shown in Table 3 being [ )




composite of measurements made after 4, 12, and 16 days on eggs from several
different trials. No effect of incubation or of treatment could be demonstrated
on'the totel No content of the eggs with embryos (table 3), These data are plso
a8 composite of separate trials. Additional 112 values at 8 and 23 days ,of incuba-
tion and on infertile eggs and eggs with early dead embryos have been omitted

since they showed nelther significant differences nor trends.

Growth Phase

geven chicks in trial T and 8 in Trial II were held over in each isolator
for observation of growth and behavior. For the 3-4 weeks during which the sys-
tems were kept sealed, growth was essentlally the same in He-Op as in air (Fig.3),
The initially smaller size of the He birds (Tsble 1) tended to be mé.iptained
throughout the period of observation and even after rmoﬁi from the isolators.
In t=isl II for example, the He birds were on the a.vere;ge some 21g (7 1/2%)
lighter at the 28th day. In Trial Jg however, the maintenance of a smaller size
in He is somewhat obscured due to an overnight failure on the 13th day in the 02
cupply of the control isolator which resulted in the death of 3 bird: and a teme

porary inhibition of growth in those remaining.

sbmmw»'m

In Trial II, inboard leaks deve'loﬁed on the 17th day and 19th day in thel
absorption circuit of the He isolator, resulting in k-5 hours of increased I‘-12
concentration (marked by arrows in Fig. 3), but no effect on subsequent gréwbh
was detected. These short periods of increased 1‘1'2 had essgn‘biaix.l;' no effect on
the average values for . isolator conditions. Growth rates in the isolators vere ‘
ap‘*:aréntly norxﬂal , a8 1s suggested by the similarity in weight of Litternﬁtes o
kept contimously in the animal room (marked by X's in Triel II, Fig, 3) Abx'upt *f
rembval of chicks into roum air after tr.dr incubation and ;;rovrbh in Heu-o? had no |

discernable effects, either immedintely or cver an additipw;;l week tb,e.t they wore

“®



kept under observation.

During their sojourn in the isolators, the He chicks shcwed more of a
tendency to huddle, as if they felt cold, but otherwise behaved similariy
to those in air. fear the end of the 4th week in the isolators (in Trial II),

a feu chicks in both He and in air exhibited & peculiar drowsiness syndrrme

- vhich persisted but with decreasing intensity ever after removal from the
isolators. This syndrome may be related to fecal and/or urinary toxicants,
possibly armonia, for irn other studies wiaere execretory wastes were removed
more Irequently, the armonia order wes much reduced and no drowsiness symptoms
appeared.

Llthough growth rate was spparently little affected by the composition of the
atmosphere, feed intake became progressively higher for the He birds throughout
their stay in the isolator (Fig. 4). By the Uith week the He birds were consuming
16 ? more feed than those in air. This divergence in feed intake was shown to be
statistiiczally reliable by a highly signific;nt interaction term in the analysis
of variance of the data plotted in Fig. 4. Further analysis of feed intske,
using daily differences between systems, showed the aversge difference increasing
rrom 1.0 ¥ 0.73 at week 2 to 4.1 1.20 g/vird/day by week 4. However, when a simi-
lar analysis was made on a unit body wéight basis, the difference between groups
turned out to be uniform over the 3 weeks of measurements at either 0.02 % 0.00%
feed/g Bifday or 0.3% t 0,134g feed/g gain/day. Water intake tended to be
nigher for the He birds, but this appeared to be a function of their greater
food consumptior;, for the difference reversed itselif when expressed per unit of
Teed incake (Table 5).

Additional measurements made on the birds at various times during growth
in the isolators ere listed in Table 4. The item marked condensate refers to
the amount of water removed daily by the humidity control equipment. One of the

interesting features here is that although significantly more water was removed -
‘ron the le system in the control of RH, most of the difference disappears vhen



vhcn cipressed ser unit waler intake. Thus, siace coaparavle Rds were maine
ined in the isoiators (Table 5) there is little likiihood that dehydration
ol the aniznls or their vastes occuwrred.

Hemntelosicel studies revealed only one difference, of dubious import,
bevween sroups. Thals was the tendency Jor the hemoglobin to lfall in He while
rising ia tae controls between tae 15th and 2j&&ay., as pointed up by & statistic-
ally signiliceat interaction vern iA the analysis of variance. Anotner Iecature
¢s possivle interest was the low WBC in both systems, perhaps 1/2 -1/3 0of
nor=al (13). This moy be a Dunction of their conlinement.ian thae isolators,
althoign ‘ae remaining hematological values appear to eil in the normal range.
A teadency for lower Tp in the birds was observed in both trials, although
the diflerence Is statistically significant only in Trial I. Heart rates and
respiratory rates vere signilicantly higher in He at all measurements (Toble 4t).

As Tor temperature and gas composition within the isolators during growth,
tie only déifferences of statistical significance heve to do with swrlace T and
Yover Inputs. Although the averege difference in surlace T between air and e
was nov in itsell statistically signilicant, the interection between treatnent
anc period was. As indicated in Table 5, the interaction ellfecttis due to a
reversal Zn the normelly lower surface T of the He systom (sce eg. Table 3)
Jinilerly, the normally higher '_éowér input of the Ille systen as seen during in-
cuvation and in thq 2irst 9 day period of growth (statistically signilicant
i7 anelyzed on basis of daily ¢ifverences betveen systens) was roversed by tie
last 9 cays. The concentration of Oy remained relatively normal dwring growth,

out €O, levels were sligatly higher tnan planaed Jor, particularly or the lle

-
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srsten in Triel I. Hitrogen levels, estimated Ly diTerence, averaged wder 29)

-
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gher thun normlly desired Jor animal
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in the de isolator. Althouzix Ul was a

rearing, it vas essentially the sane in the two systems.



Discussion

Embryo Development Phase

In this study, the major effect on the development of th2 avian embryo
whicnh Tollowed the replacement of ﬂg v He was seen in the natching of fewer
cnicks, due primarily to higher mortality during the last week oi incubation.

There were no differences in gas T or in O,, COp and R H levels which could account
for the smaller hatch. On the other hand, associated with the He system during
incubation were factors such as increased egg weight loss, lower chick hatching
weights, increased electrical power input, and lower surface T.

In two trials, the reduction in numbers of chicks hatched in an atmospﬁere
of roughly 79% He - 21% O, as compared with those hatched in air was 565 and 30%.
This result iz almost identical to the 53% depression in hatch size Zound by Boriskin
et al.(8), who used eggs Trom a diferent breed of chickeas and a diiferent mechcaical
systen, but a similar gas mixture. laryge as this reduction in hatch ma; be, however,
it is hard to reconcile with Allen's finding of only 7% "normal appearing” cmbryos
ater i+ days of incubation in 79% He- 215 s and certainly would seer incompatible
vith Volskii's (§§) report that all embryos were dead by the 9th day.

Squally hard to reconcile witi: the coneept ol widesayread carly enoryonic de-
rangenent or death are the ifindings in the present study thal the voarer natch was
dve primarily to late embryonic death, an observation also noted oy Boriskin et al.
(8). Fwrthermore, in many trials in addition to the two descrived here, we have
veen wrable to detect in the ea.rl:,; phases oi incubation ;'Ln‘He-O2 any dilference in
ooy2earence or in dry weight of the @r:ms, or in 112 content of ey and embryo.

30 Jar, il is only in greater loss in weight ol eges and a change in 02 wptake
ol & day crvryo homogenates (47) that we Tind evidence o a possible He eiZlect in
the Jirst nall of cmbryogenesis.

Fo Jactors stand out clearly at this time vwhich might explain the dirlerent

results obtained by -the various investigators who have studicd embryon'c develop-
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vent in He-02 atmospheres. Small gifferences in residual (aseous I12 in the
incubator stmospheres presumably are not involved inasmich as Allen's

(1) 937 ebnormal embryos werc observed in the presence ol more than 109 I,
(80 m Hg partial pressure). Possibly many of the embryos which Allen (1)
classified as "abaormal"” at the 4th day may be capable of development into
the last veck of incubation and even to hatching. As Jar as can be detemined
Lo the published reports, such fundamental incubation criteria as T and R
vere reasonably normal in all studies. levertheless, because ol subtle differ~
ences between Ile and IIQ in certain physical properties, it is possible that
normally overlooked diZfTerences in the mechanics ol the systems used to incu-
bate the egss mey becone irportant.

In our trials, the signilicentiy highér welgnt loss ol the He éggs during
“neubation (Table 3), would apuear to have some bearing on the poorer hatch-
ability o these eggs. This was evident not only in the overall treatment
diflercnce, but alsc in the Tfact that the difference wvas highe;t Tor the late
-:eads and least {or those which hatched. Although Robertson (8) fails to Tind
“ich elfTect of egg weight loss on hatchability, most vorkers egree that an In- g

wse relationship exists vetween the two variables ([b). Hays and 3pear (5) ,
or cxzample, found weight losses g;reétei‘. than 12¢ by the 1l7th day were associatcc} with
:‘.gxificanﬁly lower hatchability. However, by extrapolation of Hays and 3pears’
G data to our results it would seem that no more than half o the depressed
:ateh in He is likely to be accounted or b,;,' the e;réater cgg weight loss.

Sxplanation o' this greatci' weight loss of eggs in iHle is somewhat difficult.

,’resuming that it is ess-entially water which was lost, calculations éan be 7made

which shouw Zirst that since leal: rates were the sane, any difference in RH of

;a5 entering and leaving the isolator was far {00 small to account Tor the
az’lerence in egg wt. loss. Similarly these same calculations show that the - .



gas flow through either system could not have carried away the moisture
evaporated from the egss. For example, ol the total of 258 g lost by the

air eggs and 373 g by the He eggs in the Tirst 2 weeks of incubation, only

50 and 90 g respectively couwld have been carried out by the gas flowing through
the isolators, leaving 203 and 283 g unaccounted for, respectively.

Apparently the moisture condensed in the gloves, tubes, etc. extend-
ing out Tron the isolators, some of which was lost when connections to the
isolators were manipulated, makes up this "unaccounted for" water. Therec is
little doubt in our minds that 100-200 g'a week could easily have heen reroved
this way. It also seems reasonable to assume that more such moisture would
cordense in tne He systen than in air because ol the liklihood of more rapid
losz of heat {rom the trapped He-Oé mixtures. In support ol this view, there
is the observation that during the growth phase more nmoisture was continnzily
conéeased oxt of the He isolator by the sapme type o ccoling unit that was
Jgperating in the air systen {Table §).

Boriskin et al's. (@ c:planation Sor thir poorer hatch in He--O2 centers
arownd the & 1/2 Toid greater heat condacting capacity oi He (He-0.000339 and
i, - 0.000052" cal/sec/ cn2 per cn thickness, per degree C. -Handbook of Chen.,
I7th ed., 3. 223) The thcory is thet since intra-egg T during the latter hall of
inc.bation is normally 1-3°7 higher than incubation T (M), more rapid dissipa-
tioa of heat in He would result in lower than aormal T impediately swrrounding
tac embryo. Presuvmably tais lower intra-egg T then could .cause, anmong other

“taings, nigher late embryonic mortality, fewer chicks, delayed ratching and

siwiler chiciis. With the distirbing exception that we observed no delay in heivch-

ing tinc in He in either trial, our results generally [it tnis description.
Tnere is additional evidence, too, oi some dilfercnce vetween systems in
heat [low, as indicated by the higher electrical input and lower surZace T in

le. Higher clectrical inputs are certainly comnected with thae ldea of more rapid
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neat loss. At least it can be showm that it is aot due simply to He having

about a 5 Cold higher specilic heat than I~.‘2, since th\is is more than compen-
sated Tor by He having a 7 fold lower molecular weight. HNor is it due to the
heat required to veporize the moisture “rom tie He eggs, since this would re-

quire only about 0.0l KWhrs/day, in comperison to the observed 0.3 KiWars/day.

Finally a celeulation o the possible heat contribution to the He isolators

$ron cribryo netabolism shows that during the last week of incubation this may
have amouated fo perhaps 0.06 Kihrs/day (4 ,ﬂ), insuiTicient to have greatly
arfected tine observed difference in pover iaput.

Onc lactor which nas not beea fully evaluated, however, is. the vossibility
oT greater loss of neat irom the He system via radiation, due to an accidentel un~

Tavorable location of the izolator in relation {o walls, ceili.gs. windows,cte.

_ Increased radiation loss might also enter into the lower surface T of the He iso-

lator, Tor it is difficult to cxplain this ovbservation as being due solely to more
rapid conduction ol heat within the gas. Altermatively, the boundary layer vetween
He and tac plastic surface ’may have physical characteristics that are difTerent
Trom those between 112 and plastic.

Growth Thasge

As long as BW was the vonly yardstick employed, the He-hatched chicks appearcd
to grow almost as well for the Iirst 4 weeks of thelr life in the He-0,, atmosphere
7.5 dia the air controls. Hovever , that the He chicks did dilfer somevhat Jrom the
controls was evideat primarily ir their higher Ifeed intake, and also in & nore
rapid_ HR ond RR and & lower TB‘ lo consistent differences were observed in cas T,
0p, COp and RH botween the two isolatars waich could acc mt for this dirfercnce
in elviciener of growth.

The most plausable explanation for the higner {eed inteke of the He birds
cen‘aérs around their more rapid 1oss of body heat due to the § 1/2 Told greates
heat ::ondncting capacity of He. letabol” ‘u presumably rises to campensate Jor tais

1
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S 1L

acat loss, and since 3VW is maintained, feed intake mu:.t inerease. SGimilar
ideas have been advanced by Leoa and Cook () with respect to metabolic
changes observed in mice and rats held in Iie-Oz. In this study, such observa-

1,

as. higher RR, higher IR, inereased tendency to huddle, and low TB can
also be cons aered compatible vith either aigher metabolism or a respoase to
Jeeling cold.

The coaplete disappearance o the diZference in power input between

systons as the birds eged is also consistent with the idea'that the He birds

were contributing more metabolic heat to thelr isolaeor. An interesting calcu-

-4

lation wich can be made here shows that the caloric value of the extra leed

eatenx by the He chicks during the 4th week of growth accounts for 84¢ of the decre-
ase;‘?lectrical povexr input below vhat should have becan recorded for the He isolator
had the sane rclative dilfference vetween systems persisted that was scea dwring in-
cubation. The higher metabolic hea.t iacrement in the He isolator may also c::p...ain
the slower Tall in surface T dwring the growth phase (table 5).

Both tae hi;hor feced inteke and higher nmetabolic rate would indirectly contri-
oute more nmoisture to the lie system. Tals moisture along with an inerease in water
intalke apparently shows wp ia the lar,,";cr. 'volme of water condensed out ol the iso-
letor. It may perhaps be pointed out again that the sane hiéher neat conductivity
of He waich preswnably initiates the increased metabolisnm and Tood intake s probve-
ably also responsible for the greaier elliciency ol the condensor in uhe Jle-0o
isolator ia tae con‘arol_ of RIi.

Jinally, it should be reermhasizeo thet in both she incubetion and growia
wheses, tiaere remained ;oerhaps 1l- 2% residual Na in the Hie-o2 iz9laior. Therelore ,
properly speaking, “hnse results relfer to a Wy low rather tian a Ha frec atuos-

shere. What el ect this last 1-2¢ II m..c;ht have on devolomm and growth rema:ma

“

$0 ve cctomined.
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Fig. 1.

Wt 79% He- 21% O

Percen’ normal chick

20
cally in both trials.

s ovlaincd

BN

L cnenbated in air and -

Differences highly significant statisti-
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Tip. 3.

Growth of chicks in air and ﬂ 79% Be - 21% 02, Death cf 3 controls
in trial I vas due to overnight failure in O, supply. Points marked
Ii; in triel II represent short intervals of inereased Np .oncentration

in the He 1solator due to inboard leak in absorber-condenser circuit.

See text for {urther details.
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Fig. 4 - Feed consumptiou of chicks in air and in 79% He - 21% 0,
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Teble 1. Hatchability analysis on eggs incubated in 79% He-21% Op.
Category ~Trial Air ’ He-()2 t Pooled SE(+)
; _ ' or Chi 3q.
Number of eggs I - 18 18 P
set 11 35 33 .
Initial egg wt., g | 1 59.9 59.8 | #0.29
Nunber of normel H 1 15 7 TT 25.6%%
chicks i II 20 € i 17.7w
No. dead z 4 dags R € 9 ;3.2
_ No. dead, 5-1k days S IT 1 2 0.7
No. dead, S 15 days T 16 | 10, 3%
Chick weight at R ; (7 37.0 . (7) 33.8 @ +0.8m:
hatehing, (No)t,Bs BN ESRECE S L
" Estimated batching 1 ¢ 211 2.2 -
tinme, days = 205 ' 197 . -

%, 4% Sigrificant at 5 and 1% level, x\eajaect:lvely.

f Air chicks were selected at randcem to equal number of He-Op chicks

available.
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Table 2. Isolator conditions durimg incutation in 79% Be-21% Oo.

. ' !
Measurenents Trial ,: .o)Ai:v. ? Be oaav. Pogéed
Gas temp, °F 1 X60) 99.1 (60) $8.9 :0.27
| II  64) 99.7 (6k) 99.9 0.07s
Surface temp. °F Ir  (63) k.7 -(63) 94.0 !0.16wt,4
Power input, KiWhr/day IT (21) 3.9 (k) b2 o.11%
Oxygen, % T (82) 19.4 '(22) 20k ;0.cow
. 1T (63) 19.7 (63) 20.3 '0.13m
Carbon dioxide, % I {26) 0.33.(26) 0.31 '0.030
' 11 {63) 0.20 (63) - 0.20 :0.01S
Helium, % i ~ - (%) TB.A :0.25
-1l - - '(63) 8.8 .0.19
Yitrogen, % § i '+ - 802 - - 0.9 ! -
PIT - 80 . 0.7 i -
Relative humidity, ¢ . (59) 63.1 ‘(59) 64.8 0.6
] v I {63) 57.2 (63) 60.7 '0.65%
Av. leak rate, #/day . IT - 15 ' - 15 ;-

*,%¢ Significant at the 5 and 1% level, respectively.

t Period and interaction effects are.signiﬁcent. See text for discussion.

* Anelysis of daily differences beiween air and he was significant at the

5¢% level.

5 Mtrogen deteimined by difference of averages (100%-% He-% Oo-i) COo).
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Table 3. Measurements on eggs and embryos during incubation in 79% e-21% O,.

(Various Trials)

' 1
Measurements J( _L(___)__%; Poo;.;d_'
!
E‘.gg weight ‘All eggs : !n(3§) 7.1 (35) 9.0 0.23%#
’l‘;“ga;:' g Infertiles or early deads I( 7) 7.3 W11) 9.2 0.h7*
late deads 6 1.7 j(as) 1.2 [0.65%
Hatched f22) 7.0 (10) 8.2 6.5
Embryo dry weight at 10 dayst, g (sa) 0.3% (50) 0.318 lo.0179
N%/IOOg At O da 22) 1. 10,0264
initial egg wt. llfggs with embryos, i 0.0501

162&3” ’

# 4t Significant at the 5 and 1% levels respectively.

-t Composite of measurements made at 4, 12,415 days.

i
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Table 4. Various measurements made during growth of chicks in 79% He-21% Oo.
(all Trial II, except as noted)
— e . ! [
Category . day(s) of : 02 _|Pooled
‘measurement (Na) av. !(n.o) SE~
Water ml/day | Tth-2Bth | O i(21) W6 25.3
Intake - ml/g feed/day | Tth-28th [ {21) 2.5 (21) 2.3 ; 0.12
Condensate ;ml/dajr Tth-28th (21) 3hb 2(21) 1 6.
ml/ml HsO Tth-28th «(21) 0.9 (1) 1.0 0.07
intake/day { f ‘ .
Red blood cells (x10°/mad . 15th & 234 ; (13) 2.73:(16) 2.55 0.128
Hemoglobin } 15th l‘ 16 .._.2.... 0.21
g/100m1. 23rd é‘ 1
White blood Total (x103/mm3) | 15th & 23rd T(13) 5. ln8 (36) 5.78 0.135 )
cells % Lymphocytes Bth &23d [ (23) 75 (6) 73 . 2.9
{4 BHeterophiles | 15th & 23rd | (13) 22 = (16) 23 2.4
Hematoerit, % : 15th (&) 2.0 (8) 335 127
Body temperature, |Trial I 25th ' (4) 207.3 !( W' 106.0  0.13%#
F |Prial IT | 7,13,20 & 28 | (32) 106.9 1(32) 106.6 ' 0.11
I=art rate, per min, 7,14,22 & 27 © (32) 448  i(32) 496 . 3.00%*
Respiratory 1ate  [Trial I asth (4 61 (6) 175 2.6
per minute Trial IT  7,13,20 28 [(3R) 68 (2) M 1 5%

#, 45 Significant at 5 end 1% level respectively.

+ Significant interaction term in analysis of variance.




)

Table 5. Average isolator conditions during 3-4 weeks of grawth of chicks :ln

79% He-21% Op.
Measurements Triel Alr He~ .;_'I.’qoled
Gas temperature, °F I ((48) 8.6  (48) 90.1 !1.00
T8 957 (5 %0 0.8
Surface temperature, |Mrst T (19) 9.6 ;(19) 90.1 0.36¢
°F Tast 9 days | I |(19) 8k.0 i(19) 84.7
Power input KWhrs/day fF‘irst 9 da II (9) 3.7 'ﬁ( 9) b1 o 21‘,'#
fast O days} 1I 'L 9) 1.% 1(9) 1.3 ‘
Percent oxygen I !(39) 20.7 ((39) 19.7 0.8
Ir i(57) 20.5 i(57) 21k !0.57
Percent carbon dioxide I (k) 0.k5 i(Wk) 0.53 {o0.0M
1T J(57) 0.3 i(57) 0.29 |0.025
Percent helium 1 - - i(3) 78.0 }1.02
II - - (%6) T1.2 |0.k45
Percent nitrogen § I = T8 ' - 1.8 -
II - 1.2 ' - 1.0 -
Percent relative humidity I 1(43) 8.0 (43) T7T7.2 k51
(56) 719.3 I(6) 80.8 0.8

+ Interaction term in analysis of varience significant at 5% level.

' I Significant difference for first 9 days if analysis based on dialy differences.

§ Mitrogen determined from differences of averages (100%-% He-$ Op-% COp).
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