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2 8  days. A portion of the large intestinal 
wall, freed of feces, and a portion of liver were 
analyzed for emetine. The analysis was 
adapted from the general method of Brodie 
ei a1.2 

Table I shows the emetine concentration in 
tshe liver and intestine. One hour after in- 
jection, the concentration of drug was much 
higher in the liver than in the intestine. A t  
12 hours, the liver concentration of drug was 
41.6 mg per kp compared to the intestinal con- 
centration of only 1.7 mg per kg. A t  the end 
of 4 days the low concentration in the intestine 

2Brodie) B.  B., Undenfriend, S., and Dill, W.,  
J .  Biol. Chem., 1947, 168, 335. 

became almost undetectable whereas that of 
the liver was maintained for more than 4 
weeks. 

Summary. Injection of emetinc into rabbits 
was followed by a relatively high drug concen- 
tration in the liver for more than a month, 
whereas the level in the intestine was always 
much lower and became undetectable after 4 
days. The findings of a high concentration 
and prolonged presence of emetine in the liver 
and a low concentration and transient presence 
of the drug in the intestine are proposed as 
the explanation for the efficacy of emetine in 
amebic liver disease and the drug's failure in 
amebic intestinal disease in man. 
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Phospholipid Utilization in the Diabetic Dog.* 

PAUL V. HARPER, JR., WILLIAM B. NEAL, JR., AND GEORGIANA R. ROGERS. 
(Introduced by Lester R. Dragstedt.) 

From the Department of Surgery, University of Chicago. 

Depancreatized dogs maintained on insulin 
developed fatty livers, emaciation, and ane- 
mia.* Dragstedt maintains that this syn- 
drome is due to the lack of a specific sub- 
stance present in pancreas, which he has 
named lipocaic.2 The syndrome is relieved or 
prevented by feeding choline, raw pancreas, 
and various choline-free pancreatic extracts. 

I t  has been shown that the plasma phos- 
pholipid level is lowered in lipocaic defi~iency.~ 
Phospholipid is probably the chemically active 
form of fat and the significant lipid fraction 
- - -- . . . - __  - - - _ - -__ - - - -- - - - -- - - - - - __ -. . - 

* This work has been aided by grants from the 
Rockefeller Foundation-Postwar Training of 
Medical Veterans Fund, Mr. Andrew E. Wigeland, 
and the Kenneth G. Smith and Douglas Smith 
Foundations for Medical Research of The Univer- 
sity of Chicago. 

1 Allan, F. X., Bowie, J. J., NacLeod, J., Jr., 
and Robinson, W. L.: Brit. J .  Exp. Path., 19324, 

ZDragstedt, L. R., Prohaska, J.  V., and Harms, 

3 Chnikoff, I. L., and Kaplan, A., J. Bid.  Cizem., 

5, 75. 

H. P., Am. J .  Physiol., 1936, 11'7, 175. 

in the transport of fat. There is evidence that 
choline deficiency in rats, which resembles 
lipocaic deficiency, results in an impairment 
of transportation of fat from the liver to the 
tissues." In the present study, the plasma 
phospholipid turnover was measured in normal 
dogs and in diabetic dogs under a variety of 
conditions. 

Xumerous studies on phospholipid metabo- 
lism have been performed wEth the use of 
isotopic tracers. One conclusion from this 
work is that the plasma phospholipid is pro- 
duced largely in the liver.5 

In the present study, it is assumed that the 
plasma phospholipid is produced in the liver 
and withdrawn from the plasma for utilization 
by the tissues. Since the phospholipid levels 
remained constant during the period of meas- 
urement, the rate of production of new phos- 

4 Stetten, D., Jr., and Salcedo, J., J. Biol. Client., 
1944, 156, 27. 

5 Fishler, M. C., Entenman, C., Xontgomerp, 
M. L., and Chaikoff, I. L., J. Biol. Cheni., 1943, 

__ __________  ___  __ 

1934, 106; 267. 150, 47. 
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TABLE I. 
Fasting Sormal  Dogs. 

Utilization Fraction of 

Total plasma Plasma lipid injected phosphorus phospholipid 
Half -1if e of (mg% lipid plasma 

lillid ~~liospliolus pliospliolipid disappearing utilized 
Dog S o .  (n1g“lt) (w%) (hr) per hr) per 1ir Remarks 

_- - ___ _- - - 
234 479 11.8 5.G 1.46 .124 
769 900 17.8 5..5 2.20 .126 

5-892 1U”l 21.1 G.8 2.16 .lo1 
5.0 1.1; .139 

1.67 .09G 
965 430 8.4 
913 - 17.5 i . 2  
913 - 12.2 7.0 1.21 .099 

17.1 5.; 2.08 A22 Fed 913 - 
944 - 11.0 7.6 1.22 ,091 
966 427 7.8 5.4 1.54 .128 Fed 
1B - 
2B - 11.6 5.0 1.61 .139} dogs7 
3B - 17.9 5.4 2.29 .128 

Mean 13.8 6.0 1.66 .114 
Standard error of mean k 1 . 2  k . 2 6  2 . 1 2  e.005 

12.2 (5.5 1.31 . lo7 Zilversmit ’s  

- - - - 

- 

pholipid equaled the rate of disappearance or 
utilization. 

The rate of disappearance was 
measured by the method of Zilversmit et 
with little modification. Donor dogs were 
injected subcutaneously with 2 to 3 millicuries 
of radioactive phosphorus as sodium phos- 
phate, and 24 hours later the dogs were 
heparinized and bled and the plasma was 
separated. From 64 to 81% of the plasma 
radioactive phosphorus was in the phospho- 
lipid fraction and the remainder was inorganic 
phosphorus, The plasma containing the 
tagged phospholipid was injected intraven- 
ously into 7 normal and 12 diabetic dogs in 
the postabsorptive state. After allowing 20 
to 30 minutes for complete mixing, blood 
samples were drawn at  intervals of 1 to 2 
hours, and the radioactivity and phosphorus 
content were determined on the trichloracetic 
acid precipitate of the plasma. All samples 
had activities of 3 to 2 0  times background 
activity and were counted for appropriate 
periods. Phosphorus was determined by the 
method of Fiske and Subbarow! Plasma 
lipids were determined by the method pre- 

ezilversmit, D. B., Entenman, C., and Fishler, 
M. C., J .  Gm. Physiol., 1943, aS, 325. 

7 Zilversmit, D. B., Entenman, C., Fishler, M. C., 
and Chaikoff, I. L., J .  Gen. Physiol., 1943, 26, 333. 

8 Fiske, C. H., and Subbarow, Y., J.  Riol. Chem., 
1925, 66, 375. 

Methods. 

~- - _ _ _  

viously reported from this laboratory? All 
dogs were fasted before the determination for 
18 to 20 hours. Half the daily insulin re- 
quirement plus 2 5  g of glucose in skimmed 
milk was given to all but the normal and 
control groups half an hour before the injec- 
tion of the phospholipid. Two hundred g 
of raw pancreas a day for periods up to sev- 
eral weeks were administered to one group. 
All diabetic dogs were controlled with insulin 
on a regime previously reported from this 
laboratory? 

The fact that all the injected radioactive 
phosphorus was not in the form of phospho- 
lipid did not aker the findings measurably. 
The formation of new plasma phospholipid 
by the liver from injected inorganic radio- 
active phosphorus does not, in our experience, 
reach levels compamble to those observed in 
the present study (5  to 13 counts per second 
per 3 cc sample) until as much as 20 micro- 
curies/kg are given, and even then not until 
I2 to 24 hours have elapsed. Since all the 
present experiments were #terminated within 6 
hours, and since the inorganic radioactive 
phosphorus injected in the plasma amounted 
to only .02 to .04 microcuries/kg it is evident 
that this factor may be neglected. The in- 
organic radioactive phosphorus in the plasma 

9 Dragstedt, L. R., Donovan, P. B., Clark, D. E., 
Goodpasture, W. C., and Vermeulen, C. W., Am. J .  
Physiol., 1939, 127, 755. 



PHOSPHOLIPID UTILIZATION IN DIABETES 365 

did not interfere with the determination of 
the radioactivity of the plasma phospholipid 
phosphorus as it was washed out with tri- 
chloracetic acid. 

In  all cases the disappearance of the in- 
jected phospholipid from the blood stream 
was found to follow a logarithmic curve. The 
time required for half the tagged phospholipid 
to disappear, or the half-life, was measured 
graphically from the plot of the logarithm of 
the radioactivity of the trichloracetic acid 
precipitate of the plasma against time. From 
this the utilization was calculated from the 
relation : 

Utilization = - 

mg% lipid phosphorus disappearing per hour from 
the blood stream. 
The fraction of the total plasma phospholipid 
disappearing per hour equals utilization / 
plasma lipid phosphorus ( m g p )  or 

1 

plasma lipid phosphorus ( mg%) 
- 

half-life (hr) X 1.44 

half-life (hr) X 1.44 
The standard error of the mean for the various 
groups was calculated from the formula for 
small samples: 

U 
s, = - 

V K l  
Results. The results for normal dogs are 

summarized in Table I. The striking finding 
in this group was the relative constancy of the 
fraction of plasma phospholipid utilized per 
hour in spite of wide variations in the plasma 
phospholipid concentration among the various 
dogs. This suggests that utilization of phos- 
pholipids is roughly proportional to its con- 
centration. Tables I1 and I11 show the results 
for diabetic dogs fasting and given insulin. 
I t  is seen that no essential difference exists 
between the two groups. Comparing these 
two groups to the normal group, the usual 
changes of lipocaic deficiency are present in 
varying degrees. On the average, ,there is a 
decreased plasma lipid and plasma lipid phos- 
phorus. The injected phospholipid disappears 
at  a significantly greater rate in the diabetic 
groups, the half-life averaging 4.7 and 4.8 
hours against 6.0 hours for the normal dogs. 
However, because of the lower phosphdipid 
level in the plasma of the diabetic dogs, the 
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absolute utilization of plasma phospholipid is 
slightly less in the diabetic groups. The frac- 
tion of plasma phospholipid utilized per hour, 
however, is increased in the diabetic dog, 
indicating that for a given plasma level, phos- 
pholipid is utilized more rapidly in the diabetic 
dog, regardless of whether he is getting in- 
sulin; and conversely, for a given rate of 
utilization, the diabetic dog has a lower plasma 
lipid phosphorus. Again, as in the normal 
dog, there is a relatively wide Auctuation in 
the absolute utilization which parallels the 
phosphorus level, while the fraction of plasma 
phospholipid utilized per hour is relatively 
constant. 

Upon administration of raw pancreas to the 
diabetic dogs, the plasma lipid and lipid phos- 
phorus level rose to normal, as shown in Table 
IV, but the utilization of phospholipid rose 
well above the normal level, and the fraction 
utilized per hour was higher in this group. 
The half-life of the injected phospholipid was 
shorter . 

Table V shows the results in one dog with 
a subtotal pancreatectomy with the remnant 
of pancreas remaining attached to a duct. 
In this preparation, the very high utilization 
of phospholipid parallels the high lipid phos- 
phorus level. However, the fraction utilized 
per hour is in the same range as the other 
diabetic dogs. The effect of insulin and sugar 
on the fraction of the phospholipid utilized 
per hour is negligible. 

Preliminary results on 3 diabetic dogs given 
2 g of choline chloride a day for 3 days showed 
effects similar to 'the group fed raw pancreas. 
Plasma lipids averaged 451 mg%; plasma 
lipid phosphorus averaged 9.2 mg% ; half-life 
of injected phospholipid averaged 4.0 hours; 
utilization averaged 1.70 mg% per hour; and 
the fraction of phospholipid utilized per hour 
averaged .177 ,  the highest of all groups. No 
significant effect was observed in two fasting 
normal dogs given similar amounts of choline. 

I t  is apparent from the data that in both 
the normal and the diabetic dog the rate of 
utilization of phospholipid is proportional to 
the concentration of phospholipid in the 
plasma. Two dogs on which determinations 
were made under a variety of conditions illus- 

e. , . . . . . ,  . . e m  
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trate this point particularly well (Fig. 1). 
This confirms the conclusion arrived at  by 
BalfourlO from less direct evidence, and is 
entirely consistent with the observations of 
Flock and Bollmanll on chickens. This con- 
cept permits a broader interpretation of the 
significance of the plasma lipid phosphorus 
level. 

I t  is also apparent that the utilization of 
plasma phospholipid is altered after produc- 
tion of diabetes by pancreatectomy in such a 
manner that phospholipid disappears from the 
plasma more rapidly in the diabetic dog than 
in the normal; that is to say, the fraction of 
the circulating plasma phospholipid utilized 
per hour is significantly increased in the dia- 
betic animals. This effect seems to be un- 
changed whether the animal is fasted or given 
insulin and sugar and may be slightly in- 
creased when the animal is fed raw pancreas. 
The significance of this alteration in the phos- 
pholipid metabolism is not clear, especially as 
it seems to be aggravated instead of corrected 
by feeding raw pancreas and by choline. 

Summary and conclusions. Phospholipid 
tagged with radioactive phosphorus was in- 

. jected intravenously into normal and diabetic 
dogs. From the rate of disappearance of the 

10 Balfour, W. M., Gastroenterology, 1947, 9, 

11 Flock, E. V., and Bollman, J. L., J .  BioZ,. 
686. 

Chem., 1944, 166, 151. 
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tagged phospholipid from the blood stream 
and the plasma lipid phosphorus level, the rate 
of utilization of phospholipid was calculated. 
It was observed in both normal and diabetic 
groups that the rate of utilization was roughly 
proportional to the plasma lipid phosphorus 
concentration. The absolute utilization of 
plasma phospholipid was slightly lower in the 

diabetic group, but the proportion of plasma 
phospholipid utilized per hour was signifi- 
cantly higher in this group. Administration 
of insulin and sugar to diabetic dogs caused 
no significant change. Administration of raw 
pancreas to diabetic dogs increased the abso- 
lute utilization very markedly and the propor- 
tion utilized per hour only slightly. 

Effect of Celiac Ganglionectomy upon Experimental Peptic Ulcer 
Forma tion.+ 

C. W. LILLEHEI~ AND OWEN H .  WANGENSTEEN. 
Prom the Department of Surgery, University of Minnesota Hospitals, Xinneapolis, Minn.  

In a recent report,l we have investigated the 
effect on the gastrointestinal tract of complete 
excision of the celiac, superior, and inferior 
mesenteric ganglia. Extirpation of these 
ganglia removes essentially the postganglionic 
sympat,hetic fibers to the gastrointestinal tract 
from the stomach through the colon and re- 
sults in a severe bloody diarrhea associated 
with typical appearing peptic ulcers in some- 
what less than 50% of the dogs. These ulcers 
are located for the most part in the stomach 
or duodenum, but occasionally as far down as 
the terminal ileum or colon. Likewise, these 
ulcers often progress to hemorrhage or per- 
foration. The question has been raised by 
ourselves as well as others as to whether these 
ulcers are an effect of the removal of the post- 
ganglionic sympathetic innervation or whether 
they develop as the consequence of a state of 
protein deficiency and emaciation which sev- 
eral inve~tigators~9~ have shown to be often 

* Supported by a grant from the Surgical Study 
Section of the United States Public Health Service, 
the John and Mary R. Markle Foundation, and 
the Graduate School of the University of Minne 
sota. 

t National Cancer Trainee. 
ILillehei, C. W., Dixon, J. L., Friesen, S. R., 

and Wangensteen, 0. H., PROC. SOC. EXP. BIOL. 

2 Weech, A. A., and Paige, B. IL, Am. J .  Path., 
AND MED., 1948, 68. 

1937, 13, 249. 

associated with peptic ulcer in dogs. 
This investigation was undertaken to ap- 

praise what specific effects, if any, complete 
excision of the postganglionic sympathetic 
innervation to the stomach and duodenum has 
upon susceptibility to gastroduodenal ulcera- 
tion. 

Experiment. Male and female dogs of 
medium size, previously dewormed and be- 
tween the ages of 1% to 5 years were used in 
these experiments. The animals were divided 
into 3 series as follows: Series I, dogs in which 
complete excision of the celiac ganglia was 
performed leaving undisturbed the vagi nerves 
and the superior and inferior mesenteric 
ganglia. This operation removes Ithe post- 
ganglionic sympathetic innervation of the 
stomach, duodenum, and also that of the liver, 
spleen, and pancreas as well. Series 11, con- 
sists of dogs in which in addition to complete 
excision of the celiac ganglia, the superior 
mesenteric ganglia 'were removed also. This 
operation removes the postganglionic s p -  
pathetic fibers to the stomach, duodenum, and 
small intestine. Series I11 consists of a con- 
trol series of normal dogs of comparable age 
and size. 

Operative procedure. For ganglionectomy 
intravenous nembutal anesthesia was used, 
sterile technic, and a midline abdominal in- 

3 Keller, A. D., Arch. Path., 1936, 21, 127. 


