
Fig. 1. Results of the experiments described in text, shown in photograph (A) and in 
autoradiogram (B). The point of application is indicated by the arrow. The flower parts 
are arranged from the outside in the following order: standard petal (st), wings and 
keel (k), ovary (o), staminal column (s), and calyx (c). On the raceme (2) with the 
treated flower, the pods from three of the flowers in addition to that from the treated 
one became radioactive, but the floral parts which had developed before the treatment 
did not react. One pod failed to grow. All parts of the five flowers of the upper raceme 
(3) which opened after the treatment became radioactive. Nectar from this raceme (3) 
and from the one below (1) was placed in the circles labeled x and o at the top of A. 
This nectar was also radioactive. The raceme at the lower left (1), which was in full 
bloom at the time of treatment, was not pollinated and became only partially radio- 
active. The terminal bud (4) located approximately in the center of A and the leaf at 
the lower right that developed after treatment were radioactive. Older leaves that had 
completed growth before treatment did not create an image on the negative. [Photo- 
graphic work by W. P. Nye] 
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flowers on the raceme, including the 
treated one, were cross-pollinated by 
hand just before treatment. The plants 
were grown in a greenhouse in the ab- 
sence of pollinating insects. After 6 days 
the plant was dissected, mounted on 
cardboard, pressed, and dried, and auto- 

radiograms were prepared. 
The results of the experiments, as 

shown by the autoradiogram (Fig. 1B) 
and picture (Fig. 1A), demonstrate that 
nectar is reabsorbed. The absorbed ma- 
terial is distributed primarily to growing 
parts of the plant, such as leaves, flowers, 
and pollen, but can also be found in the 
roots and in nectar of flowers that de- 
velop after the treatment. 

Leaves which were completely devel- 
oped before treatment did not become 
radioactive. On an adjacent raceme, flow- 
ers that had opened before treatment 
were much less radioactive than those 
that opened after treatment. However, 
nectar from flowers on both racemes 
showed images on the autoradiogram. 
In this case, nectar (as sucrose with C14) 
was absorbed from a flower on one part 
of the plant and translocated and se- 
creted in flowers some distance away 
(see Fig. 1). Similar results have been 
obtained with a number of other species. 
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In a time series test, parts of alfalfa 
plants adjacent to treated flowers were 
removed and checked for radioactivity 
at intervals of /2, 1, 3/2, and 8 hours 
after treatment. These showed that reab- 
sorption occurred within /2 hour after 
treatment and pollination, and that the 
amount of reabsorption was roughly pro- 
portional to the time interval after treat- 
ment. 

On the assumption that sucrose is 
representative of nectar, it has been dem- 
onstrated that nectar is absorbed by nec- 
taries as well as secreted by them. The 
fact that absorption occurred shortly 
after treatment suggests that nectar is 
not a static product (dissociated, so to 
speak, from the plant) but is in close 
contact with the plant system. Addi- 
tional work will be needed to show 
whether or not nectar is also absorbed 
prior to pollination or senescence of the 
flower. 

The question arises as to whether or 
not the nectar that is not removed by 
bees has any significance in the produc- 
tion of seed. If it does, the good produc- 
tion of alfalfa seed obtained by use of 
bees which collect mainly pollen may be 
partly a result of the fact that less nectar 
is collected. Obviously, nectar is a source 
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of food adjacent to the developing em- 

bryos in a fertilized flower. Brink and 

Cooper (3) considered the nutrient sup- 
ply to the seed to be a factor in seed 
failure. 

M. W. PEDERSEN 
CECIL, W. LEFEVRE 

Agricultural Research Service, 
U.S. Department of Agriculture, 
Logan, Utah 

H. H. WIEBE 
Department of Botany and Utah 
Agricultural Experiment Station, 
Utah State University, Logan 

References 

1. G. Bonnier, Ann. Sci. Nat. Botan. et biol. 
vegetale 8, 212 (1878). 

2. N. M. Pankratova, Zhur. Obshchei Biol. 11, 
292 (1950). 

3. R. A. Brink and D. C. Cooper, Botan. Rev. 
13, 423 (1947). 

16 December 1957 

Conversion of Indirect- to 

Direct-Reacting Bilirubin in vivo 

It is now well established that the dif- 
ference between indirect- and direct-re- 

acting bilirubin lies in the fact that the 
latter is conjugated with glucuronic acid 

(1). Considerable evidence indicates that 
indirect bilirubin in high concentrations 
is toxic to the nervous system (2), par- 
ticularly in the neonatal period. Kernic- 

terus, which is found in association with 

high levels of indirect bilirubin in the 

plasma, is regarded as bilirubin encepha- 
lopathy. If it were possible to control the 

high levels of indirect bilirubin in hemo- 

lytic disease of the newborn and in other 

hyperbilirubinemias seen at this time of 

life, the need for exchange transfusions 
would no longer exist. 

It is known that an enzyme, glucuronyl 
transferase, involving uridine diphos- 
phate glucuronic acid is concerned in the 
esterification of bilirubin with glucuronic 
acid (3), an enzyme which is deficient 
in the liver of the newborn (4). In ad- 

dition, there appears to be an extra- 

hepatic mechanism for the conversion of 
bilirubin to its glucuronide, although the 
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a 17-mg drop in indirect bilirubin during 
oral administration of 15 g of glucuronic 
acid. 
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acid (and simultaneous oral administra- 
P.0 . / tion of sodium bicarbonate); 12 have 

responded. No untoward symptoms have 
been noted during the injection or there- 

_? = - after. The urinary excretion of direct 
bilirubin has been measured in two pa- 
tients. In both, a three- to fivefold in- 
crease in the conjugated product was 
noted during and immediately after ad- 
ministration of glucuronic acid as op- 

DIRECT , posed to control periods. 
4 .-- - .- It appears that glucuronic acid per se 
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AGE IN HOURS is successful in lowering indirect bili- 
rubin levels in serum in a significant per- 

lyperbilirubinemic premature centage of hyperbilirubinemic patients. d a negligible response to the 
o 5 r o gl i The exact mechanism of this action re- tration of 5 g of glucuronic 

rge decrease in indirect bili- mains to be determined. These observa- 
intravenous administrati tionins have obvious therapeutic implica- 

,ht rise in the direct-reacting tions and suggest that it may be possible 
ring intravenous administra- to avoid many of the exchange trans- 

fusions now given in the neonatal period 
(8). Since glucuronic acid is not with- 

e reaction are not known at out toxicity, caution is required in its 
clinical use. Even though there are no clinical use. 
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-..____ __A.1- . New York Attempts nave oeen mace to promote 
glucuronide conjugation in man (6) and 
animals (7) with glucuronic acid or glu- 
curonolactone, but the results of these in- 
vestigations are contradictory and incon- 
sistent. Nevertheless, it seemed desirable 
to make the attempt to control indirect 
hyperbilirubinemia in the newborn by 
the administration of glucoronic acid. 

This attempt has met with a consider- 
able measure of success. Twenty-eight 
infants with hyperbilirubinemia have 
been treated to date by oral administra- 
tion of glucuronic acid. In 16 of these a 
striking fall in the concentration of in- 
direct bilirubin was observed, as is illus- 
trated in the accompanying graph (Fig. 
1), with an equally striking rebound 
within a few hours after the discontinu- 
ance of the conjugating agent. A simul- 
taneous but less marked rise in direct 
bilirubin has been observed in some, but 
not in all instances. Of the 16 patients 
who responded, 10 were infants with 
erythroblastosis, the remainder being in- 
stances of physiological hyperbilirubin- 
emia in which the concentration of in- 
direct bilirubin exceeded 20 mg/100 
ml. Of the patients who failed to re- 
spond to the oral administration of glu- 
curonic acid, one, a premature infant, 
subsequently responded to intravenous 
administration of the acid (Fig. 2). Ad- 
ministration of glucuronic acid by the 
oral route produced a mild-to-moderate 
amount of watery diarrhea and acidosis 
in most of the infants treated. This 
prompted us to pursue intravenous glu- 
curonic acid therapy further. We have 
now treated 14 additional infants by 
intravenous administration of glucuronic 
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other details are significantly different. 
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property of the active state of the con- 
tractile component, the capacity to bear 
a load [given maximally by P0 (g), 

the maximal force in isometric tetanus], 
is dependent on time (Hill's P0 was in- 
dependent of time). In simple, first ap- 
proximation it is assumed that after on- 
set this parameter rises exponentially 
with time constant a, (sec). Thus Hill's 
classic force-velocity relation, 

(P +a) (v +b) = b(P +a), (1) 

is altered to read 

(P + a)(v +b) =b[Po( - e-t/a) + a]. (2) 

In these equations: P(g) =force of the 

muscle; v(cm/sec) =shortening speed of 
the contractile component; t(sec) = time; 
and a(g) and b(cm/sec) are constants. 
We normalize Eq. 2, and all subsequent 
ones, so that quantities having dimen- 
sions of force are measured relative to 
P0= 1. Thus, by defining p =P/P and 
a0 = a/P0, Eq. 2 becomes 

(p+ao)(v+b) =b(l -e-tl+ao). (2a) 

Our second assumption is based on the 
now well-known (3-6) nonlinear elas- 
ticity of the series elastic component 
[Hill (2) assumed a linear elasticity], 
and we express this by 
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in which s(cm) = the strain; p = the nor- 
malized stress; and f and X (cm) are con- 
stants. By proper choice of f and k, this 
equation can be made to fit the data of 
each of the previously mentioned studies 
(3-6) with remarkable accuracy. 

Now, by differentiation of Eq. 3, the 

velocity of strain of the series elastic 
structure in an isometric contraction is 
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which, on substitution in Eq. 2a, yields 

idp = b + 
f) ( -e- t/"-p) (5) 

This equation cannot be explicitly in- 
tegrated and must therefore be solved 
numerically. However, this is required 
over only a very short initial time inter- 
val, for, as will be seen later, a, is very 
small compared with the total contrac- 
tion period of a tetanus (or even of a 
twitch), and so for times greater than 
about 5ak, Eq. 5 reduces to 
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For computation of Eqs. 5, 6, and 7 
we use, for the frog sartorius, here stud- 
ied at 20?C, the standard average values: 
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