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Summary. Tryptophan and quinolinie acid, inhibitors of gluconeogenesis, were 
used to block the removal of lactate by the liver in order to investigate the involve- 
ment of the Cori cycle in oxygen debt. Five male, mongrel dogs were run on a 
treadmill at 4 mph with a 20 percent grade for 19 rain. The mean exercise l?O~ was 
80.67 :J: 3.11 ml/kg/min for the control tests while peak arterial lactate values ranged 
from 3.83 to 4.98 raM/1. When removal of lactate by the liver was blocked, oxygen 
debt showed a mean reduction of 44 percent. Moreover, oxygen consumption during 
the last minute of exercise was reduced by 11 percent. 

Fasting (72 h) was used in 1 dog to prevent the accumulation of lactate during 
exercise. This procedure reduced oxygen debt to the same level as when the removal 
of lactate by the liver was blocked with tryptophan and quinolinic acid. 

The data show that the lactacid as well as the alactacid component is involved 
in oxygen debt when lactate is being removed by the liver during the recovery 
period following exercise. 

Key-Words: Gluconeogenesis - -  Lactic Acid - -  Tryptophan --Quinolinic Acid - -  
Alactacid Debt. 

The phenomenon  of  oxygen debt,  i.e., the excess u t ihzat ion of  oxygen 
during recovery  f rom exercise, has been of  interest  to  the  physiologist  
since the early work of  Meyerhof  [28, 29] and of  Hill, Long and  L u p t o n  
[13, 14]. The classical I-Iill-Meyerhof hypothesis  s tates t h a t  the conversion 
of  lactate  back to  glucose is responsible for the excess oxygen util ization 
observed following exercise. This hypothesis  was modified by  Margaria, 
Edwards  and Dill [27], when they  measured oxygen debts at  l ight work 
loads wi thou t  any  increase in blood lactate.  They  divided oxygen debt  
into a laetacid and an  alactacid portion.  I tuckabee  [15] again modified 
the hypothesis  of  oxygen debt  when he presented his "excess l ac ta te"  
concept. His results showed a good relationship between oxygen debt  
measurements  and  excess lactate calculations. A more recent  s tudy  by  
K a y n e  and  Alpert  [20] has claimed a complete dissociation between 
lactate removal  and oxygen debt.  These invest igators  studied lactate  
removal  and oxygen debt  in anesthet ized dogs t h a t  had  been exercised 
by  electrical s t imulat ion of  the muscles of  the hind legs. They  found t h a t  
hepa tec tomy did no t  significantly alter oxygen debt ;  however,  the rate  
of  lactate removal  was markedly  altered. Other  invest igators  [1] have 
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tr ied to  induce oxygen debt  by  injecting exogenous lactate into experi- 
menta l  animals. Again, no relationship could be found  between oxygen 
consumpt ion  and  blood lactate  concentrat ions.  Thus,  at  the  present t ime 
there appears  to  be no universal  agreement  on the relationship between 
lactate  removal  and  the  excess oxygen consumpt ion  observed following 
exercise. 

Recen t  investigations b y  L a r d y  and  his associates [8, 9, 33, 40] have 
demons t ra ted  t h a t  t r y p t o p h a n  and  quinolinie acid are po ten t  in vivo 
inhibitors o f  glueoneogenesis in the  r a t  liver. These agents  effectively 
block the  phosphoenolpyruva te  carboxykinase reaction. I n  the present  
investigation, t r y p t o p h a n  and  quinolimc acid were used to  block the  
up take  of  lactate  by  the  liver and  thus  eliminate the  involvement  o f  the  
Cori cycle in oxygen debt.  Since the  metabol ism of  lacta te  b y  the  liver 
involves a number  of  endothermic reactions, one migh t  ant icipate  a 
reduct ion in oxygen consumpt ion  when these reactions are eliminated. 

Methods 
Preliminary Investigations 

Two preliminary investigations were conducted to test the effectiveness of 
tryptophan and quinotinie acid (20 and 40 mg/i00 g of body weight respectively), 
in blocking gluconeogenesis in the dog and thus eliminating the removal of lactate 
by the liver. The first dog was anesthetized (YXTembutaI 30 mg/kg) 1 h after being 
fed the txyptophan and quinolinic acid. Catheters were inserted into the omocervieal 
artery and into a hepatic and renal vein. Arterial and venous blood samples were 
then obtained for lactate and glucose determinations at 2.0, 2.5, and 3.0 h after 
feeding. 

A second dog was run on the treadmill at 4 mph with a 15 percent grade 1 ~ h 
after having received the tryptophan and quinolinic acid. Aftra" 18 rain of running, 
the treadmill was stopped and the dog was immediately anesthetized. Catheters 
were again inserted and arterial and hepatic venous blood samples were obtained 
at 20, 50, and 80 min after the ran. The data shown in Table I demonstrate that the 
liver was producing lactate as opposed to removing it,. These results are similar to 
those reported by Ray et al. [33] and by Veneziale et al. [40] ibr liver slices as well 
as in the isolated, perfused liver. Removal of lactate by the liver during exercise has 
been adequately demonstrated in dogs [5] as well as in man [12, 35, 36]. Although 
the kidney has been implicated as an important gluconeogenie organ [22], its 
involvement in the Cori cycle during exercise has not as yet been demonstrated and 
in vivo studies with fasting dogs [19] have shown that after 14 days only a very 
small net glucose production by the kidney could be demonstrated. The limited data 
obtained from the kidney in the present study shown that the kidney is capable 
of removing lactate; however, a net glucose production was not observed. Thus it is 
assumed that tryptophan and quinolinie acid are also effective in blocking ~he 
conversion of lactate to glucose in the kidney ff this process does in fact normally 
occur during exercise. 

Experimental Procedures 
Five male, mongrel dogs ranging in weight from 16 r 22 kg were used as 

experimental animals. The animals were housed in temperature (72 ~ ) and light 
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Table 1. The e~eot o] tryptophan and quinolinic acid on lactate and glucose uptake 
by the liver and kidney 

Lacta te  raM/1 Glucose m~r Dog i~o. t 
Time after  feeding Arterial  Hepat ic  Renal  Arterial  Hepatic  Renal  
(hours) venous venous venous venous 

2.0 2.1~ 2.67 2.00 5.95 5.80 5.88 
2.5 2A1 2.26 1.98 5.62 5.38 5.50 
3.0 t.91 2.07 - -  5.70 5.60 5.58 

Dog No. 2 
Time after  run  a (rain) 

20 4.82 5.09 - -  5,14 5.34 - -  
50 3.64 3.75 - -  6.08 6.10 - -  
80 2.63 2.70 2.36 6.12 6.10 6.02 

4 mph  with a 15 percent  grade for 18 rain. 

( t2 h/day) controlled quarters.  One of the  dogs (No. 184) had  part icipated in a 
previous s tudy which involved 6 weeks of training. The other  4 dogs were non- 
t ra ined bu t  had  run  on the  treadmill  several t imes prior to test, ing. They also received 
several t raining sessions to teach them to sit quietly on the treadmill  prior to running. 
Operations were conducted under  aseptic conditions for the  implanta t ion  of a 
chronic catheter  in the  omocervical ar tery and the  performing of a chronic tracheo- 
storey. A lar3mgectomy tube  (No. 12) was held in place in the  t rachea by  a vest  
[7] which was also designed to protect  the  catheter  but ton.  The laryngectomy tubes 
were kept  in the  dogs a t  all t imes and  were inspected every 8 to 10 h for the  presence 
of mucus. A t  least t0  days of recovery were allowed before any  tests  were conducted. 
2 days before the  initial tes t  each dog received a tr ial  l~an to acquaint  h im with 
the  feel of the  respiratory valve and  the  rectal  probe. At  least one day was allowed 
to elapse between each subsequent  test. 

Each tes t  consisted of a 19-rain run  on the treadmill  a t  4 mph  with a 20 percent 
grade. Each  dog received two control and  one t ryp tophan  ( t ryptophan plus quinol- 
inic acid) tes t  except dog No. 273 who received only one control and  one t rypto-  
phan  test.. Expired air  was collected a t  rest, during the  las t  minute  of exercise, and  
a t  various t imes th roughout  the  recovery period. Rectal  temperatures  were recorded 
a t  these same t ime intervals. ArteriaIblood samples for lactate and glucose determina- 
tions were also obtained throughout  the exercise and  recovery periods. 1 �89 h prior 
to the  treadmill  run  in the  t ryp tophan  tests  the  dogs were fed t ryp tophan  and 
quinolinic acid (20 and 40 mg/10O g of body weight, respectively) in a small portion 
of thei r  normal  diet. This same amount  of food was plx)vided before each control 
test. 1 h after  feeding, the  dogs were taken  from the  animal  quarters  to the  
laboratory.  They were fi t ted with a Collins two-way " g "  valve to which a 4 inch 
plastic tube  ( �89  inch ID) with an  inflatable cuff had  been at tached.  Once the  tube  
had  been inserted into the dog's trachea,  the  cuff was h~tated to make the  system 
air tight.  When  the dog was "quie t" ,  a sample of expired air was collected, An arterial 
blood sample was also obtained a t  this  time. The tempera ture  probe was then  
inserted approximately 6 inches into the  rec tum of the  dog and  taped  to his tail. 
Temperature  was recorded on a Yellow Springs Tele-Thermometer. The actual  run  
on the  treadmill  s ta r ted  approximately 1 ~ h after  the  dog had  been fed. One of 
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the dogs (No. 272) was given an additional test after 72 h of fasting. This was done 
in an attempt to prevent the accumulation of lactate during the exercise period. 

Analytical Methods and Calculations 

The expired air was collected in neoprene, latex balloons. Shortly after each 
collection, a sample of air was transferred to a 50 ml glass syringe which had been 
coated with mineral oil to make it air tight. The volume of gas in each balloon was 
Chen measured by drawing its contents through an American 1VIeter Co. gas meter 
at a constant rate. The gas meter was calibrated against a spirometer. All volumes 
were corrected to STPD. Quantitative analyses were done on a micro Scholander 
and oxygen consumption was than calculated by standard methods [3]. The oxygen 
consumption values for the linear portion of the recovery curve were placed on data 
cards and analyzed with a computer by the method of least squares. The regression 
lines were then placed on graph paper and along with the other oxygen consumption 
values were used to draw the recovery curves. The oxygen consumption values 
obtained from the two control tests were used to draw one recovery curve. The 
means of the resting and last minute of exercise values were used. The area under 
the curve, i.e., the oxygen debt, was measured with a K & E planimeter (5[o. 
620015). 

Arterial blood samples for lactate determinations were immediately transferred 
to preweighed flasks containing 3 ml of metaphosphoric acid and mixed by shaking. 
At the conclusion of the test the flasks were again weighed and the contents imme- 
diately centrifuged. The supernatant was transferred to vials and stored in a freezer. 
The samples were analyzed for lactate by the enzymatic method of Marbach and 
Weil [26]. After a portion of the blood sample had been taken for the lactate 
determinations, 0.1 ml was pipetted into 1.9 ml of distilled water. The solution was 
deproteinized by adding Ba(OH)~ and ZnS04. After centrffugation, the supernatant 
was analyzed for glucose by the Glucostat methodL 

The t-test for matched pairs was used to test for significant differences between 
the mean control and mean tryptophan measurements. 

Results 

Oxygen Consumption 
The mean  rest ing oxygen consumpt ion  value for the control tests  was 

13.39 :J: 0.71 ml /kg/min.  The values for the 5 dogs ranged from 11.65 
to 15.62 ml /kg /min  (Table 2). The mean  value for the  t r y p t o p h a n  tests  
was 12.18 • 0.80 ml/kg/min.  4 of the 5 dogs showed a decrease in  rest ing 
oxygen consumption.  The mean  reduct ion dur ing  the t r y p t o p h a n  tests  
was 7.83 percent ;  however, this reduct ion was no t  s ta t is t ical ly  significant. 
The rest ing oxygen consumpt ion  for dog ~o .  272 dur ing  the fast ing tes t  
was 6.73 ml /kg /min  (Fig. 2). 

The oxygen consumpt ion  measurements  ob ta ined  dur ing  the las t  
minu te  of exercise ranged from 72.02 to 88.28 ml /kg /min  for the control  
tests. The mean  value was 80.67 -~ 3.11 ml /kg /min  (Table 2). The mean  
difference between the two control  tests r un  on each dog was only  

1 Glucostat was obtained from the Worthingt~)n Biochemical Corp., Freehold, 
N.J.  
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Fig. 1. Oxygen recovery curves for dogs following a 19-min treadmill run a,t 4 mph 
with a 20 percent grade. The lines at the bottom of each graph represent resting 
17o 2 values. The V02 values obtained during the last minute of exercise are plotted 

at zero time 

3 ml/kg/min, Durh~g the t ryp tophan  tests 4 of the 5 dogs showed a 
decrease in exercise oxygen consumption. The values ranged from 57.02 
to 90.43 ml/kg/min. The mean value for the t ryp tophan  tests was 
72.0 ~= 5.33 ml/kg/min; the mean reduction was 11.01 percent which 
was significant a t  the 0.05 level. During the fasting test, the oxygen 
consumption for the last  minute of exercise was decreased by  5.34 ml/ 
kg/min (Fig. 2). 

Oxygen Debt 

The oxygen debt  measurements for the control tests were recorded 
for as long as 100 min. The debts ranged from 11.67 to 30.79 1 with a 
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mean of 21.26 ~ 3.22 1 (Table 2). Dog No. 184 had the largest debt and 
also had the highest peak lactate value (4.98 raM/l). The oxygen debts 
for the t ryp tophan  tests ranged from 9.46 to 12.47 1 with a mean of 
10.72 ~= 0.56 1. The mean reduction in oxygen debt  for the t ryp tophan  
tests was 44.0 percent which was significant at  the 0.05 level. The oxygen 
recovery curves for all 5 dogs are shown in Figs. 1 and 2. The response 
observed in dog No. 273 was quite different than  tha t  observed in the 
other 4 dogs. Although his arterial lactate increased to 4.82 raM/1 his 
control oxygen debt  was much smaller than  the debts observed in the 
other 4 dogs. He showed only an 8.2 percent reduction during the t rypto-  
phan test. 

The oxygen debt  recorded for dog No. 272 (Fig. 2) during the fasting 
test  was  11.181 which was a 52.5 percent reduction from the control 
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test. His t ryptophan test debt was 9.46 1 which was a 59.8 percent 
reduction from the control. 

Arterial Lactate and Glucose 

The resting arterial lactate values ranged from 1.45 to 2.01 mM/l for 
the control tests. During the t ryptophan tests the resting lactate con- 
centration was decreased slightly in all 5 dogs. The decreases ranged 
from 0.18 to 0.42 raM/1. Arterial lactate reached its peak concentration 
at  the end of exercise or during the first few minutes of recovery. Peak 
values for the control tests (Table 2), ranged from 3.83 to 4.98 mM/1 
with a mean of 4.44 -~ 0.27 raM/1. The values toward the end of recovery 
were generally lower than they were at  rest even though oxygen con- 
sumption remained elevated. The lactate values recorded during the 
fasting test  (Fig. 2), were in all instances lower than the control test 
resting concentration. The resting level during fasting was 0.93 raM/1. 
During exercise the concentration increased to only 1.23 mM/1. 

The mean resting arterial glucose values were 4.90 and 4.96 raM/1 for 
the control and t ryptophan tests respectively. The glucose concentration 
dropped during the first 10 to 15 min of exercise, then increased to or 
above the resting level. Fig. 2 is a typical example of the arterial glucose 
changes observed during the control and t ryptophan tests. The glucose 
values recorded during the fasting test  (Fig. 2), show t h a t d o g  No. 272 
was approaching a state of hypoglycemia. His glucose concentration 
dropped to a low of 3.85 mM/1. 

Rectal Temperature 

The mean resting rectal temperatures were 102.4 and 102.5~ for the 
control and t ryptophan tests respectively. The peak rectal temperatures 
for the control tests ranged from 105.8 to 107.6~ with a mean of 106.6 
•176  During the t ryptophan tests the peak rectal temperatures 
ranged from 105.0 to 106.6~ with the mean of 105.6 -~ 0.34~ (Table 2). 

Discussion 

Blood lactate measurements have been used since the early 1900's 
to estimate the anaerobic metabolism associated with any given bout of  
exercise. Although Margaria et al. [27], reported in 1933 that  at light 
work loads no increase in blood lactate could be observed, JSbsis and 
Duffield [18] have recently found in isolated muscle tha t  lactate is formed 
after four and possibly after two muscle twitches. When lactate is formed 
in contracting skeletal muscle the only major means by which it  caa  
be removed is by diffusion into the blood stream [6, 37, 38]. Once lactate 
has diffused into the blood stream it can be utilized by other tissues 

8* 
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such as the myocardium [2, 21], skeletal muscle [5, 10, 12], fiver [5, 35, 36], 
and kidney [25]. With the exception of the liver, the rate of lactate 
uptake by these tissues during exercise has not been determined. 

The relationship between oxygen debt and the removal of lactate by 
these various tissues now becomes the important question. The fate of 
lactate removed by the heart or skeletal muscle has to be either storage 
or metabolism to carbon dioxide and water because these tissues lack 
necessary enzymes for gluconeogenesis [39]. The metabolic rate of the 
myocardium and skeletal muscle is determined by the energy status of 
the cells, i.e., the levels of ATP,  ADP, and Pi [32]. Although lactate is 
metabolized by these tissues it  does not control the metabolic rate and 
therefore cannot be responsible for oxygen debt in this situation. The 
lactate utilized by these tissues probably replaces some other substrate. 
Issekutz et al. [16], have shown that  an increase in lactate metabolism 
results in a decrease in glucose and free fa t ty  acid metabolism without 
influencing or  increasing the resting oxygen consumption. In  the case 
of the liver (and possibly the kidneys) most of the lactate is converted 
to glucose via gluconeogenesis. Ghiconeogenesis is an energy consuming 
process requiring six moles of high energy phosphate for every mole of 
glucose formed [22]. The addition of gluconeogenie substrates such as 
lactate to liver or kidney tissue greatly stimulates oxygen consumption 
as well as gluconeogenesis [23, 24, 34]. I t  should be also noted that  the 
increase in oxygen consumption induced by lactate is always in excess 
of that  calculated to be required for the synthesis of ATP necessary for 
the concomitant gluconeogenesis. The exact reason for this "oxygen 
wasting" effect is unknown [30]. Since it has been demonstrated that  the 
liver does remove lactate which is produced during exercise [5, 12, 35, 36], 
it  appears that  the lactacid mechanism has to be involved in oxygen 
debt as long as lactate is being removed by the liver during recovery. 
The results presented in Table 2 and in Figs. I and 2 support the concept 
that  the lactaeid as well as the alactacid mechanism is involved in oxygen 
debt. 

Oxygen Consumption 

The mean resting consumption value for the control tests, 13.39 ml/ 
kg/min, is higher than the 8 to 9 ml/kg/min reported by Issekutz et al. [17] 
and by Young et al. [42]. Although these dogs sat "quietly" on the 
treadmill while the resting sample was being collected they were unable 
to reach the "s ta te"  obtained by the other investigators. The resting 
rectal temperatures also support this view. The mean resting oxygen 
consumption for the tryptophan tests, 12.18 ml/kg/min, was lower than 
the control value; but, because of the amount of variability between 
control tests, this reduction is not considered to he meaningful. The 
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resting values for the two control tests showed a mean difference of 
20.1 percent. The lowest resting value obtained was 6.73 ml/kg/min which 
was obtained during the fasting test for dog No. 272. Young [4l] has 
reported similar values for fasting dogs. 

The mean oxygen consumption value measured during the last minute 
of exercise for the control tests was 80.67 ml/kg/min. This value is com- 
parable to values reported by Young et cd. [42] and by Issekutz et al. [17] 
for dogs performing similar work loads. The values obtained for the 
two control tests showed a mean difference of 3 ml/kg/min. The oxygen 
consumption values during the last minute of exercise for the tryptophan 
tests showed a mean reduction of 11.0 percent from the control values. 
This reduction in oxygen consumption is not surprising since Rowell 
et al. [36] have shown that lactate removal by the liver is proportional 
to the arterial concentration. In the present study lactate was at its 
peak concentration at or near the end of exercise. Rowell et al. [36] also 
found that during prolonged work the lactate concentration reached a 
peak at approximately 10 min and then declined throughout the work 
period. These investigators stated that lactate could not be involved in 
oxygen debt since most of the lactic acid that had been produced had 
been removed before the cessation of the work period. The results ob- 
tained from the present study indicate that lactate removal during 
exercise does influence the oxygen consumption. Therefore, during pro- 
longed work one might conclude that part of the "future" debt is actually 
being paid back before the recovery period. 

Oxygen Debt 

When tryptophan and quinolinie acid were administered to block the 
removal of lactate by the liver, oxygen debt was reduced by 44 percent. 
This value may actually be a slight underestimate of the involvement of 
the laetaeid mechanism in oxygen debt since one of the dogs showed 
only an 8.2 percent reduction. The reason for this wide variance is un- 
known. The average reduction for the other 4 dogs was 53 percent. When 
fasting was used to eliminate the accumulation of lactate during exercise, 
oxygen debt was reduced to the same level as when lactate removal by 
the liver was blocked. Thus, two different approaches have demonstrated 
that the laetacid mechanism is, indeed, involved in oxygen debt. 

The present authors suggest that the oxygen debt measured during 
the tryptophan test is a good approximation of the alaetacid debt. When 
Margaria, Edwards and Dill [27] first proposed the lactacid-alactacid 
concept of oxygen debt, they suggested that the alaetacid phase was 
associated with the initial rapid decline in oxygen consumption which 
took place during the first few minutes of recovery; however, they had 
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no biochemical data to support their suggestion. In  the present study, the 
involvement of lactate in endothermic reactions has been eliminated. 
Therefore, the oxygen debts measured during the t ryptophan tests must 
be alactacid debts. The alactacid debts measured in the present study 
last for a much longer period of time (45 to 60 min) than was suggested 
by  Margaria et al. [27]. These debts are also composed of a rapid and 
slow component. Whether or not this form of the alactacid curve is 
solely a characteristic of the animal used in the study remains to be 
determined. The slow component might be associated with the panting 
mechanism which is evoked by the dog to dissipate heat. This slow 
component has also been observed at lighter work loads. 

Arterial  Lactate 

The arterial lactate reached its peak concentration at  the end of 
exercise or during the first few minutes of recovery. This same pat tern 
was observed by Issekutz et al. [17]. The values toward the end of re- 
covery were generally lower than they were at  rest, even though the 
oxygen consumption was still elevated. I t  must be realized that  the 
arterial concentration is influenced by the rate of production as well as 
the rate of removal  Therefore, blood lactate levels should not  be used 
alone to predict the state of lactate metabolism in the body. 

The arterial lactate values recorded during the t ryptophan tests were 
generally lower than those recorded for the control tests. Unfortunately 
the exact reason for the reduction is unknown. However, with a reduction 
in lactate formation, one would expect an increase in oxygen consumption 
during exercise ff oxygen availability is not  rate-limiting. The opposite 
results were observed in the present study. 

One possible explanation involves the conversion of t ryptophan and 
quinolinie acid to nicotinic acid which has been observed following ad- 
ministration of these agents to animals (personal communication: L. iV[. 
Henderson, University of Minnesota). Paul  et al. [31] have demonstrated 
that  the administration of nicotinic acid to dogs results in a decrease in 
fa t ty  acid metabolism with a concomitant increase in glucose oxidation. 
Oxygen consumption remained unchanged. With an increase in glucose 
oxidation to replace fa t ty  acid metabolism one would expect a decrease 
in lactate formation. This may well be what happened in our dogs but  
unfortunately we have no data regarding fa t ty  acid metabolism to sub- 
stantiate this hypothesis. 

Regardless of the factor(s) involved in the reduction of lactate found 
during the t ryptophan tests, it  must be remembered that  the involvement 
of lactate in oxygen debt has been  eliminated when the conversion of 
lactate back to glucose is blocked. 
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Rectal Temperature 

The mean resting rectal  t empera ture  was 102.4~ This value is 
slightly higher t han  the value which is considered to  be "no rma l "  for 
mongrel  dogs [4]. We believe the higher value is associated with the 
ant icipat ion of  running  on the treadmill.  Gollnick and Ianuzzo  [11] have 
repor ted  similar observat ions in ra ts  who were placed in treadmills. 

The mean  peak rectal t empera ture  for the  control  runs was 106.6~ 
wlfich indicates t h a t  the  work load was s t renuous bu t  no t  exhaustive.  
The peak  tempera tures  recorded during the  t r y p t o p h a n  tests were lower 
than  the  control  test  values. Since the  liver is normal ly  a very  active 
metabol ic  organ during exercise [36], one migh t  anticipate a reduct ion 
in core tempera ture  when aspects of  liver metabolism are blocked. The 
t remendous  amoun t  of  heat  generated by  the liver during exercise was 
observed by  Rowell  et al. [35] when they  recorded hepatic  venous blood 
tempera tures  which were as much  as 1.5~ higher t h a n  the rectal  
temperature .  
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