
bonds whose rotational angles have op- 
posite signs. The tmgtg*tmJ conformation 
connects parallel but laterally displaced 
planar segments; it has been postulated 
to exist in biomembranes (23) and crys- 
talline polyethylene (24) and has been 
invoked to explain certain dielectric re- 
laxation phenomena in polyethylene 
(25). Although the presence of the 1305 
cm-' band does not unambiguously prove 
the existence of either of these confor- 
mational sequences, it does indicate 
gauche disruptions in the interior regions 
of some chains. 

All the solid-solid phase transitions 
lead to similar changes in the infrared 
spectrum. The change in band intensities 
at each transition is approximately pro- 
portional to the change in enthalpy. Of 
the bands associated with nonplanar 
forms, those most easily detected belong 
to the end-gauche conformation. Conse- 
quently, only these bands could be clear- 
ly observed to increase in intensity at  the 
weak 6 transition. 

It is significant that a band near 1352 
cm-I, known to be characteristic of pairs 
of adjacent gauche bonds (Table 1) ( I l ) ,  
was not observed except at temperatures 
near the melting point. This band is 
prominent in the infrared spectra of liq- 
uid n-alkanes and is found in the spec- 
trum of highly crystalline polyethylene 
(11). Its absence in the high-temperature 
phases of the crystalline n-alkanes, 
where nonplanar chains are known to be 
present, indicates that only very limited 
kinds of nonplanar conformations are 
allowed in the crystal. The appearance of 
a band at 1352 cm-I when the tempera- 
ture of the n-alkane approaches the melt- 
ing point may signal the onset of a new 
conformational regime, although more 
measurements are needed to settle this 
point. 

Plots of integrated band intensities 
against temperature (not shown) led to 
the following observations. (i) As the n- 
alkane is warmed, abrupt changes in the 
concentration of nonplanar conformers 
occur at  temperatures that correspond, 
within the estimated experimental error 
(< 1 K), to the transition temperatures 
determined from the DSC measure- 
ments. (ii) Nonplanar conformers are 
observed in phase I a t  temperatures at  
least 20 K below the first (lowest tem- 
perature) transition. As the sample is 
warmed, their concentration gradually 
increases; a discontinuous jump occurs 
at each transition. (iii) The concentration 
of nonplanar conformers in the highest 
temperature phase is significantly great- 
er for longer n-alkanes. In (&! in phase 
11, roughly half the molecules are non- 
planar. (iv) The temperature dependence 

of nonplanar forms varies in the tem- 
perature regions between transitions de- 
pending on the n-alkane. (v) The T, 
transitions occur over a temperature in- 
terval of about 0.5 K or  less. The other 
solid-solid transitions are somewhat 
broader. (vi) In cases where there are 
multiple transitions, if two transition 
temperatures are sufficiently close the 
transitions, especially the lower, are 
broadened. (vii) Where there are multi- 
ple transitions, there is a qualitative cor- 
respondence between the relative values 
of AH determined from the DSC 
measurements and the change in con- 
centration of nonplanar conforma- 
tion at the transition. Thus for C27, 
AHF * AH, < AH,, and these inequal- 
ities are reflected in the relative magni- 
tude of changes in band intensities at  the 
transitions. The sensitivity of the infra- 
red method is indicated by the fact that 
the entropy change associated with the 6 
transition is about 0.1 entropy unit. 

We have demonstrated the existence 
of a variety of nonplanar conformers in 
the solid phases of the n-alkanes and 
have found a new phase transition. The 
concentrations of these conformers in- 
crease with temperature. The existence 
of these nonplanar molecules must be 
linked with the existence of the many 
different solid phases of hydrocarbon 
chain systems. 

ROBERT G. SNYDER 
MARK MARONCELLI 

SONG PING QI 
HERBERT L. STRAUSS 

Department of Chemistry, University 
of California, Berkeley 94720 
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Steady-State Relationship of Calcium-45 Between Bone and 
Blood: Differences in Growing Dogs, Chicks, and Rats 

Abstract. In  young animals that had received multiple doses of calcium-45, a 
constant ratio of ca!cium-45 s p e c g c  activity in blood to that in bone was found in 
growing dogs and  chicks but not in rats. This steady-state relationship of calcium45 
between bone and blood suggests that during growth in dogs and chicks most of the 
skeletal calcium is in a n  active state of turnover. In growing rats, after the first 2 
weeks of life, the bloodlbone ratio of calcium-45 decreases due to a decrease in bone 
resorption. 

The stability of the serum calcium nism for the regulation of calcium (1). 
concentration under various clinical and The rapidity with which the skeleton 
experimental conditions has led to the responds and maintains normal levels of 
concept of a strong homeostatic mecha- serum calcium after multiple calcium- 
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depleting blood transfusions in dogs (2, 
3) suggested that the skeleton is in equi- 
librium with extracellular fluids (1). Ear- 

ied (Fig. l ,  A, C, and E) and was always 
lower in serum than in bone. During the 
early weeks after birth the specific activ- 
ity of bone and serum 45Ca decreased 
rapidly in dogs ( l l ) ,  chicks, and rats due 
to the rapid growth and influx of nonra- 
dioactive dietary calcium into bone. In 
dogs the specific activity decreased from 
720 to 24.5 dpmlmg in bone and from 470 
to 14.9 dpmlmg in serum during 14 
months (Fig. 1A). Similarly, the specific 
activity in chick bone decreased from 
10,500 to 1620 dpmlmg and that in serum 
from 7200 to 1060 dpmlmg during 16 
weeks (Fig. lC), while the activity in rat 
bone decreased from 270,000 to 4000 

dpmlmg and that in serum from 180,000 
to 1010 dpmlmg during 14 weeks (Fig. 
1E). The ratio of the specific activity in 
serum relative to that in bone remained 
constant (0.56 to 0.64) for dogs during 
the first 14 months of life (Fig. 1B) and 
for chicks (0.65 to 0.69) during the first 
16 weeks (Fig. ID). For rats the ratio 
was relatively constant (0.62 to 0.75) for 
the first 2 weeks, decreased to 0.42 at 5 
weeks, and was 0.25 by 14 weeks of age 
(Fig. IF). 

The constancy of the bloodlbone spe- 
cific activity ratio suggested that bone 
calcium is in a dynamic steady-state rela- 
tionship with blood calcium for the peri- 

ly experiments in rats (4) did not provide 
isotopic evidence for this relationship. 
Later, comparative studies of the specif- 
ic radioactivity of serum 45Ca and bone 
4"a from young rats (5) and from isolat- 
ed perfused dog limbs (6) led to the 
conclusion that the skeleton's calcium is 
not in equilibrium with blood. However, 
Hevesy's demonstration (7) of highly ef- 
ficient conservation of total body 45Ca in 
young mice undergoing rapid growth 
modeling of bode supports the idea that 
there is a dynamic relationship between 
bone calcium and blood calcium. 

Some of the problems inherent in mea- 
suring skeletal dynamics for the study of 
metabolically stable constituents of the 
body such as calcium (8)  and collagen (9) 
are related to the slowness with which 

(in utero labeling) 

(Post utero 
labeling) 

Serum 

isotopic equilibria are reached after sin- 
gle-dose labeling of mature animals. The 
experimental design can be improved by 
using multiple-dose techniques (10) with 
rapidly growing animals and waiting long 
enough after labeling to minimize the 

0 4  8  12 
Age (months) 

heterogeneity in the different metabolic 
cornpartments (10). Unlike pulse-label- 
ing of mature animals and humans when 
most of the skeleton has already formed, 

Age (months) which results in an irregular distribution 
of 45Ca, multiple labeling of young grow- 
ing animals results in a widespread and 
uniform distribution of 45Ca and [3H]- 
tetracycline in whole bones (11). 

The experiments reported here illus- 
tratr: the use of multiple-dose labeling to 
achieve rapid isotopic equilibrium be- 
tween bone and blood. Young rats, dogs, 
and chicks were labeled repeatedly with 
45Ca (11) during their period of rapid 
growth in utero or during the early weeks 
of life. Soon after birth the labeled dog 
and rat pups were placed with unlabeled 
foster mothers. One or two weeks after 
the end of labeling, groups of chicks and 

1 2 4 6810 20 30 0.*1 
Age (weeks) 

rats were bled and then killed at intervals 
during the first 14 to 16 weeks of life and 
each of nine dogs during the first 14 

Serum \ months. All animals were maintained on 
a normal diet. After isolation and demin- 
eralization (11) of whole femurs and hu- 
meri, serum and bone calcium were ana- 
lyzed chemically and isotopically (11) to 
determine the specific activity of 45Ca 2 3 4  5 6 7 8 1 0 1 2 1 4  

Age (weeks)  (disintegrations per minute per milli- 
gram) in blood and whole bones. The 
ratio of the 4 5 ~ a  specific activity of se- Io4D Fig. I .  Comparison of change in specific activity of 

45Ca in serum and bone (A, C, and E) and ratio of 
serum to bone specific activity (B, D, and F) as a 
function of age of the animal. Each point represents 
(A and B) a single dog, (C and D) chicks (N = 3), and 

I o3 (E and F) rats (N = 4). In (B) and (D) the regression 
1 2 4  6810 20 coefficient of the curve equals -0.002; the standard 

Age (weeks) error is not shown in (F). 

rum to that of bone was calculated for 
each animal and correlated with age. 

With growth and accretion of dietary 
calcium, the specific activity of 45Ca 
decreased markedly (10- to 60-fold) in 
bone and serum in all three species stud- 
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od studied in dogs (14 months) and for 
the first 16 weeks of life in chicks. Ex- 
cept for the first 2 weeks of life, rats did 

bone resorption. Continuous bone re- 
sorption and exchangeability of 45Ca in 
young dogs and chicks under normal 

not demonstrate a constant relationship 
between bone calcium and blood calci- 
um. The constancy of the ratio is consist- 

conditions and in older dogs, chicks, and 
rats (27) after a calcium-deficient diet 
support the idea (2, 28) that the skeleton 

ent with active bone resorption in dogs 
(12) and chicks (13) due to growth model- 
ing and haversian remodeling of bone. In 

serves as a calcium buffer and regulator 
for blood calcium. 

LEROY KLEIN 
Time (days)  contrast, normal rats quickly cease most 

growth modeling of bone and have few 
haversian osteons (14, 15). In addition, 

Departments of Orthopaedics and 
Macromolecular Science, Schools of 
Medicine and Engineering, 
Case Western Reserve University, 
Cleveland, Ohio 44106 

Fig. 2. Comparison of loss of incorporated 
[3H]tetracycline from whole femurs of (a) 
control and (0) EHDP-treated rats with de- 
crease in the serumibone 45Ca specific activity 
ratio for (a) control and (0) EHDP-treated 
rats. Data are presehted as means 5 standard 
errors for N = 4; for differences from the 
control group (*) P < .05, (**) P < .01, and 
(***I P < ,001 (Student's t-test). 
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Hiindbrain GABA Receptors Influence 
Parasympathetic Outflow to the Stomach 

Abstract. Blockade of y-aminobutyric acid receptor function by direct microinjec- 
tion of bic~~culline into the nucleus ambiguus in cats produced a marked increase in 
ga,rtric motility which was mediated by the vagus nerve. This eflect was reversed by 
muscimol. These data indicate that the nucleus ambiguus may be an important brain 
site influencing gastric function and that the neurotransmitter controlling parasym- 
pathetic outflow from this nucleus to the stomach is y-aminobutyric acid. 

There are large gaps in our knowledge 
of the central nervous system (CNS) 
pathways and neurotransmitters that 
control parasympathetic outflow to the 
gastrointestinal tract. Anatomical and 
physiological evidence indicates that the 
nucleus tractus solitarius, dorsal motor 
nucleus of the vagus, parabrachial nucle- 
us, hypothalamus, and central nucleus of 
the amygdaloid complex comprise part 
of the pathways for gastrointestinal 
control (1-3). The neurotransmitters 
associated with these pathways are un- 
known. However, recent cardiovascular 
studies suggest that y-aminobutyric acid 
(GABA) may function as a CNS neuro- 
transmitter controlling parasympathetic 
ou~:flow (4). In addition, these studies 
have revealed that the nucleus ambiguus 
is also important for control of para- 
sympathetic outflow and that activation 
of GABA receptors on this nucleus ex- 
erts a profound effect on parasympathet- 
ic activity to the heart (4). To obtain new 
information on CNS control of gastroin- 
testinal function, we studied the effect 
of augmentation and reduction of GABA 
receptor activity at the nucleus am- 
biguus on contractile activity of the 
stomach. 

Cats were anesthetized with a-chloral- 
ose (70 to 80 mgikg, intravenously) and 
artificially ventilated with room air 
through a tracheal cannula. The animals 
were then paralyzed with decamethoni- 
um bromide (0.25 mglkg, intravenously), 
given every 45 minutes or as needed. 
The femoral artery was catheterized for 
recording blood pressure and limb leads 
(lead 2) were placed on the extremities 
for recording the electrocardiogram. Ar- 
terial blood pressure and the electrocar- 
diogram were monitored on a Gould 
brush recorder. Rectal temperature was 
monitored and maintained between 36" 
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and 38°C with an infrared lamp. A mid- 
line abdominal incision was made and 
extraluminal strain gage force transduc- 
ers (5) were sutured to the antrum and 
pylorus in the transverse axis to record 
circular muscle activity. The force trans- 
ducers were calibrated prior to use and 
had equal sensitivities. Smooth muscle 
activity was registered on a Grass poly- 
graph and motility indices (6) were calcu- 
lated for antral and pyloric responses. 
The splanchnic nerves were sectioned 
and the adrenal glands were ligated in 
each animal because adrenergic innerva- 
tion of the stomach and circulating cate- 
cholamines from the adrenal glands op- 
pose parasympathetic effects on gastric 
motility (7). 

The cats were then mounted in a Da- 
vid Kopf stereotaxic instrument and the 
dorsal surface of the lower brainstem 
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was exposed by limited occipital craniot- 
omy. Coordinates from Berman (8) were 
used to locate the nucleus ambiguus. In a 
few experiments we studied the effect on 
gastric motility of reducing GABA re- 
ceptor activity at the dorsal motor nucle- 
us of the vagus. This nucleus was also 
located with Berman's coordinates. The 
shaft of a 26-gauge Quincke (Babcock) 
spinal needle that had been cut from its 
base and filed smooth was guided stereo- 
taxically at a 36" caudal angle into the 
nuclear area. The needle was attached to 
a 10-p1 Unimetrics syringe with PE-20 
tubing. Pharmacologic agents that aug- 
ment (muscimol) and reduce (bicuculline 
methiodide) GABAergic tone (9) were 
dissolved in artificial cerebrospinal fluid 
(10) and administered by infusion with a 
Sage infusion pump at the rate of 0.1 yll 
min for 10 minutes. For control infusions 
artificial cerebrospinal fluid alone was 
used. At the termination of each experi- 
ment the animal was killed and the brain 
was removed and placed in 10 percent 
Formalin. Frozen 50-pm sections were 
cut and mounted on slides. From these 
sections the cannula track and the injec- 
tion site were identified and verified. 

Microinjections of the GABA receptor 
antagonist bicuculline (10 nglmin for 10 
minutes) into the left nucleus ambiguus 
resulted in pronounced increases in an- 
tral and pyloric contractile activity (Fig. 
1B). The GABA receptor agonist musci- 
mol was then microinjected (10 nglmin 
for 10 minutes) into the same site, and a 
striking decrease in gastric motility was 
observed (Fig. 1C). The same procedure 
was carried out for the right nucleus 
ambiguus (Fig. 1, D and E). 

From the gastric motility tracings, the 
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Fig. 1. (A to E) Effects of GABA receptor blockade (bicuculline) and stimulation (muscimol) at 
the nucleus ambiguus (NA)  on antral and pyloric smooth muscle activity. Values on ordinate 
represent force in grams. 
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