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sured with a square-wave, electromag- 
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increased when portal venous flow was 
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also decreased. The relation between 
the two blood systems can be ex- 
plained as the simple mechanical ef- 
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of the hepatic artery and the portal 
vein. The two principal current theories 
are (i) that the hepatic arterial flow 
and the portal venous flow do not in- 
fluence each other (1) and (ii) that 
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exists between changes in flow in the 
two systems (2). The development of 
electromagnetic flow meters has made 
possible the direct measurement of 

1030 

a reciprocal and compensatory relation 
exists between changes in flow in the 
two systems (2). The development of 
electromagnetic flow meters has made 
possible the direct measurement of 

1030 

blood flows in the hepatic artery and 
portal vein. A definite relation between 
the two blood supplies has been es- 
tablished under experimental conditions 
(blood vessels exposed but not cannu- 
lated). 

Healthy mongrel dogs were anesthe- 
tized lightly with sodium pentobarbital 
(30 mg/kg of body weight), intubated, 
and placed on a respirator. The arterial 
blood pressure was monitored during 
the experiment through a needle in 
the femoral artery connected to a 
Sanborn pressure transducer, model 
267B. Hepatic arterial and portal 
venous blood flows were measured with 
a square-wave electromagnetic flow 
meter (3). The portal venous flow was 
measured at the point just before the 
vein branched to enter the liver and 
the hepatic arterial flow, at a point 
distal to any gastroduodenal branches. 

Attempts to decrease the portal vein 
flow by direct or partial occlusion were 
followed by a decrease in the systemic 
arterial pressure as blood pooled in 
the intestines. A significant decrease of 
the blood flow in the portal vein was 
produced, without causing a decrease 
in systemic blood pressure, by occlud- 
ing the superior mesenteric artery. This 
decrease in portal venous blood flow 
was associated with an increase in the 
hepatic arterial blood flow, while re- 
lease of the occlusion of the superior 
mesenteric artery resulted in restora- 
tion of normal flows in both the portal 
vein and the hepatic artery. 

After these blood-flow measurements 
had been made, a side-to-side portaca- 
val shunt was formed. The portal 
venous blood flow between the shunt 
and the liver was measured with the 
shunt first open and then closed. The 
hepatic arterial blood flow was also 
measured with the shunt open and 
closed. The remarkable decrease in the 
blood flow through the portal vein was 
again accompanied by an increase of 
the flow in the hepatic artery. Clos- 
ing the shunt restored the portal flow 
through the liver and decreased the 
hepatic artery flow to its previous 
levels. The relation between the blood 
flows in the portal vein and hepatic 
artery is shown in Fig. 1. The reduc- 
tion in portal venous blood flow is 
compared to the increase in hepatic 
arterial flow, and the amount of this 
increase appears to be directly related 
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Fig. 1. The effect of reduction in portal 
venous blood flow to the liver on blood 
flow in the hepatic artery. The reduction 
in portal venous flow was produced by 
occlusion of the superior mesenteric 
artery or by formation of a side-to-side 
portacaval shunt. The increase of blood 
flow in the hepatic artery is directly re- 
lated to the decrease of the flow in the 
portal vein. 

crease but with a decrease in the portal 
venous flow. Figure 2 shows the ef- 
fect on the blood flow in the portal 
vein of a decrease in the hepatic arterial 
flow. A decrease in the arterial flow 
was accompanied by decreased portal 
venous flow. 

Two similar experiments were per- 
formed in dogs that had been given 
reserpine (5 mg/kg of body weight) 
24 hours before the experiment to 
eliminate a possible effect of epineph- 
rine. The systemic pressure in these 
dogs was lower than that in the un- 
treated dogs, and the systolic pressure 
stayed at about 100 mm-Hg throughout 
the experiment. In these animals the re- 

-1200 / 

Q / 
S t ~~ ~ // 

_, 8000- ? 

3600- - t ./95. 
s O / ~ y / Confidenc? 

- * / its 

40 

* _ 4 40x 129 

200- 

0 40 80 120 160 200 

INCREASE IN HEPATIC ARTERIAL BLOOD FLOW(ML/MMN) 

Fig. 1. The effect of reduction in portal 
venous blood flow to the liver on blood 
flow in the hepatic artery. The reduction 
in portal venous flow was produced by 
occlusion of the superior mesenteric 
artery or by formation of a side-to-side 
portacaval shunt. The increase of blood 
flow in the hepatic artery is directly re- 
lated to the decrease of the flow in the 
portal vein. 

crease but with a decrease in the portal 
venous flow. Figure 2 shows the ef- 
fect on the blood flow in the portal 
vein of a decrease in the hepatic arterial 
flow. A decrease in the arterial flow 
was accompanied by decreased portal 
venous flow. 

Two similar experiments were per- 
formed in dogs that had been given 
reserpine (5 mg/kg of body weight) 
24 hours before the experiment to 
eliminate a possible effect of epineph- 
rine. The systemic pressure in these 
dogs was lower than that in the un- 
treated dogs, and the systolic pressure 
stayed at about 100 mm-Hg throughout 
the experiment. In these animals the re- 

. 

c 140 
0 

Ei 120 

m 100 

> 80 

6C o 

4C 

2C 
ru 

. 

c 140 
0 

Ei 120 

m 100 

> 80 

6C o 

4C 

2C 
ru 

/ 

y= 0.49 x - 43 // 

, 
* / 

// 
/ 

/ 
0 ' I / onfidence 

* / ? Limits 
y1 

/ 

y= 0.49 x - 43 // 

, 
* / 

// 
/ 

/ 
0 ' I / onfidence 

* / ? Limits 
y1 

0 100 200 300 
Decrease in Hepatic Arterial Blood Flow (by Occlusion)ml/min 

Fig. 2. The effect of reduction in hepatic 
arterial blood flow to the liver on blood 
flow in the portal vein. A decrease in 
hepatic arterial flow results in a decrease 
in portal venous flow. The amount of 
decrease of the blood flow in the portal 
vein is directly proportional to the in- 
crease of the flow in the hepatic artery. 
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lations between the portal venous and 
hepatic arterial blood flows did not 
differ from those of the dogs that had 
not received reserpine. 

The portal venous and hepatic 
arterial systems are not related by the 
usual capillary venular connections. At 
least three forms of communication be- 
tween these two systems have been de- 
scribed (4): (i) connections between 
portal and arterial sinusoids are noted 
in the periphery of the liver lobule; 
(ii) direct anastomoses exist between 
corresponding divisions of the portal 
vein and hepatic artery; and (iii) 
arterial branches frequently end in the 
terminal branches of the portal vein 
just before these branches empty into 
sinusoids. It has been estimated that 
at least 30 percent of the hepatic 
arterial blood is shunted into the portal 
venous system before the arterial blood 
reaches the sinusoids (5). Wakim ob- 
served that the portal blood flow is 
much faster distal to anastomatic com- 
munications with branches of the hepa- 
tic artery (4). 

The hepatic artery-portal vein blood 
flow relations which we observed can 
be explained as simply the mechanical 
effect of the interposition of a slower- 
flowing stream in the path of a faster- 
flowing stream. The rate of flow in 
the slower system will be increased and 
the rate of flow in the faster system 
will be proportionately decreased. De- 
creasing the amount of slow flow is 
equivalent to removal of an im- 
pedance, and the rate of flow in the 
faster system should increase. Con- 
versely, if the flow impetus of the faster 
system is decreased, the flow rate in 
the slower system should decrease. The 
relation between the systems is thus 
one of work mechanics, with a transfer 
of energy from the arterial to the 
venous system made possible by direct 
anastomoses of the two systems in the 
liver. 

JESSIE L. TERNBERG 
HARVEY R. BUTCHER, JR. 

Department of Surgery, Washington 
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Physiological Predetermination: 

Imbibition, Respiration, and 

Growth of Lima Bean Seeds 

Abstract. Temperatures 15?C or 
lower during the first hour of imbibi- 
tion immediately inhibited respiration 
in lima beans, with proportional in- 
hibition of subsequent growth of seed- 
lings. Correlations between initial res- 
piration rates and growth rates of seed- 
lings were found in different lots of 
seeds. 

Almost 50 years ago Kidd and West 
(1) reported that conditions during 
the early stages of germination could 
"pre-determine" subsequent growth of 
plants. More recent experiments (2) 
have shown that in lima beans (Phase- 
olus lunatus, L., var. Early Thoro- 
green) temperatures of 15?C or lower 
during the first hours of germination 
may severely inhibit later growth of 
seedlings. Susceptibility of lima beans 
to chilling injury is predetermined dur- 
ing seed development; seeds that bleach 
during maturation are more sensitive 
than normal seeds. In corn (Zea 
mays), measurements (3) of respira- 
tion rates 1 to 3 hours after the start 
of imbibition detected injury by heat 
or freezing and could be used to pre- 
dict growth of seedlings. It is impor- 
tant both to find practical ways to 
predict plant behavior and to explain 
the mechanism of predetermination. 
We now report data showing that res- 
piration is associated with chilling in- 
jury of lima beans, that the extent 
of the injury can be estimated from 
measurements of respiration, and that 
respiration rates are also related to 
subsequent growth of seedlings even 
in the absence of injurious treatments. 

Chilling treatments that inhibited 
respiration also inhibited growth of 
seedlings (Table 1). Imbibitions at 
15?C inhibited respiration and seedling 
growth, and the more severe treat- 
ment at 5?C inhibited respiration more 
markedly, eventually killing the seeds. 
It was shown (2) that bleached seeds 
are more susceptible to chilling injury 
than normal green seeds, and that sus- 
ceptibility is limited to the first few 
hours of imbibition. After measure- 
ment of respiration, seeds were planted 
on moist paper towels and incubated 
in darkness at 25?C. Respiration rates 
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initial respiration rates with fresh 
weights of seedlings of different lots of 
green and bleached seeds, at the 1-per- 
cent level of significance (Fig. 2, A 
and B, respectively), indicates a rela- 
tion, between respiration rates at the 
start of germination and subsequent 
growth of seedlings, similar to that 
reported for corn (3). The correlation 
indicates that measurements of respi- 
ration can lead to a rapid estimate of 
the extent of injury caused by chilling 
treatment. 

In one lot of seeds, respiration of 
bleached seeds was less than that of 
green seeds during the temperature- 
sensitive period, but not subsequently. 
These results, and observations that 
anaerobic conditions enhance the chill- 

ing injury (2), suggest that respiration 
rates during imbibition may be a fac- 
tor in determining susceptibility to 
chilling injury. Relations between levels 
of respiratory energy, measured as 
concentrations of adenosinetriphos- 
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Fig. 1. Comparison of respiration of 
green and bleached seeds of lima beans 
4 hours after initial imbibition with axis 
length 5 days later. 0, green seeds, im- 
bibition at 25?C; A, green seeds, imbibi- 
tion at 5?C; 0, bleached seeds, imbibition 
at 25?C; A, bleached seeds, imbibition at 
5?C. 

Table 1. Influence of imbibition temperatures 
on respiration and growth of seedlings in 
green and bleached seeds of lima bean. 

Temp., Respiration, 02, Growth 
first each (dl/hr)* (mm) 
hour ----_--- ----- 
(?C) 2-hr 6-hr Roots Shoots 

Green 
25 95 169 115 
15t 60 131 111 
25t 34 91 106 99 

5t 4 52 0 0 
Bleached 

25t 87 122 79 
15t 54 71 59 
25t 25 80 60 48 

5t 5 46 0 0 

* Respiration measured at 25?C. t, : Seedling 
growth measured 5 (t) and 4 ($) days after the 
start of imbibition. 
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