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amined and was the chief component of four 
in the present study, no relation could be ob- 
served between crystal structure and fluoride 
concentration. 

S~mmar?. Thirty-three samples of uri- 
nary and 9 samples of biliary tract calculi 
from individuals with known histories of ex- 
posure to water-borne fluoride were analyzed 
for fat. ash, calcium, phosphate and fluoride. 
(1)  Concentration of fluoride in urinary tract 
calculi was significantly higher than that in 
the bones. ( 2 )  Mean concentration of 0.25% 
fluoride in urinary tract calculi of individuals 
from low fluoride area was not significantly 
different from that (0.37%) of calculi of in- 
dividuals whose drinking water contained 2.6 
ppm fluoride. (3 )  No relation was apparent 
between the calcium and fluoride concentra- 
tions of urinary tract calculi. (4) Fluoride 
was present in biliary tract calculi in very low 
concentration (0.000-0.006%). 
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Technic for Collection of Thoracic Duct Lymph of Man. (23836) 

EKLAND LINUER AND ROLF RLOMSTRAND 
Depart nzents o j  Thoracic Surgery and Clinical Chemistry, University of  Lund, Sweden 

Studies of transport of fat via the intestinal 
lymphatic pathway have been of fundamental 
importance for our understanding of the 
mechanism of fat absorption. Great progress 
has been made in this field during recent years 
due to utilization of new analytical technics 
and isotopic labelling of fats, and to a new 
method for collecting chyle in unanesthetized 
animals over long periods of time( 1). Oppor- 
tunities for studying chyle in the human 
have been rare and have been confined to 
patients with abnormal lymph connections as 
in the classical experiments that Munk and 
Rosenstein(2) performed on a girl with spon- 
taneous lymph fistula. Subsequently, a num- 
ber of cases of chylothorax have been oh- 

served (cf. Fernandes et al. (3 )  ). Recently an 
extensive investigation was carried out by 
Blomstrand et d ( 4 )  in a case of chyluria, 
where patient was studied under rigidly con- 
trolled conditions for 8 weeks, during which 
time a series of absorption experiments was 
conducted. Suitable cases such as those de- 
scribed above are extremely rare. and it is 
therefore desirable to have a method for col- 
lection of lymph from humans under stand- 
ardized conditions. The present report de- 
scribes a technic of cannulation of the thor- 
acic duct in man, which has permitted collec- 
tion of lymph of a given subject for periods of 
2-5 days. With this technic for introduction 
of catheter into the thoracic duct it is possible 
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TABLE I. Clinical Data  on 6 Adult Patients Subjected to Cannulation of the Thoracic Duct. 
Wone of the cancer patients had clinical evidence of gastrointestinal dysfunction. 

Age Sex Cliiiical diagnosis 

Bronchogcnic carcinonia of 
left  lung with advanced 
node metabtask 

Rroncliogenic carciiioina of 
riglit luiig with nicdin- 
b tinal noilr iiict a s tasi s 
and infi1tr:i tion in pn-i- 
cardiuiii 

1;roncliogciiic c:irciiioiii:i iii 
lcf t h1ng 

Total time 
for  cannu- 
lation of sc;llt~lle 

I ~ O I \ C ~  Operation after withdrawal thoracic 
1Iiolis.v of thoracic duct cannula duct, days 

+ 111o~"rablt. 5 

- Piiruiiioiicctom?. + pericardial 4 
resection and remoral of 
iio( lc 111 &stasis 

__ YneunioiitIc.tomI\-- + bloc dissec- 4 
tioii of the nic4iastinum 

Son-tronicul svruc 5 

to collect the major part of lymph flox with- 
out ligation of the thoracic duct. 117th our 
method the function of the thoracic duct i5 

thus intact after withdrawal of the catheter 
in contrast to the technic of Bierman ct a/ .  
(5) ,  who ligated and cannulated the thoracic 
duct in patients with advanced malignancy. 
The present method has been useful in the 
study of absorption of different isotopicallj- 
labelled compounds and for the study of dif- 
ferent aspects of lymph flow. 

Mcthods. Cannulation of the thoracic duct 
with a polyethylene tubing has been per- 
formed on patients with diagnosed cancer oi 
lungs. Relevant clinical data are listed in 
Table I.  The diagnosis has usually been 
made with the aid of bronchoscopy and histo- 
pathological examination of biopsy material 
taken during this procedure. The routine 
procedure was then to perform a supraclavicu- 
lar biopsy of the lymph nodes to esclude 
metastasis. In connection with this minor 
surgical procedure the thoracic duct is es- 
posed and a plastic cannula inserted. Opcra- 
tirLle procedure. About two hours before op- 
eration, the patient is fed a fat-rich meal to 
get the thoracic duct better visualized. For 
cannulation of the thoracic duct a polyethyl- 
ene tubing (PE 90) is used. The left supra- 
clavicular region is prepared aseptically and 
the region is anesthetized by infiltration with 

V c a  C>+laris int. 

Piasii:  Tubs introduced i n t o  
Thoracic L c t  here. 

"en3 Sm:!sria 

FIG. 1. A schematical drawing to show the aiin- 
toiiiical structures involved for  the cannulation of 

the thoracic duct. 

sylocain. An incision is made parallel to 
clavicle and structures involved for cannula- 
tion of the thoracic duct are carefully local- 
ized (Fig. 1). Some lymph nodes are excised 
for histopathological examination accosrding 
to the technics of Daniels(6). The thoracic 
duct is exposed for 20-30 mm (Fig. 2 )  by 
gentle blunt dissection just before its entrance 
to vena jugularis interna. The thoracic 
duct is 5-12 mm in diameter and is embedded 
in connective tissue and fat. A stay suture 
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FIG. 2. Photograph of thoracic duct after being 
prepared free from f a t  and connective tissue. 

is passed into wall of the thoracic duct about 
20 mm before its entrance into the vein sys- 
tem. A second suture is placed caudal to the 
first, and a small longitudinal incision is made 
in the exposed surface of the thoracic duct 
close to the stay suture (Fig. 2). A bevelled 
end of plastic tube is then slipped gently into 
the duct for 10-20 mm and tied firmly in place 
with the 2 sutures. The tube is arranged so 
that it will lie relatively straight in the duct 
and this can be accomplished by having a 
suitable bend in the catheter. Before inser- 
tion of cannula this is heated and bent in a 
suitable angle about 10-20 mm from tip. This 
bend also facilitates introduction of catheter 
and reduces tension on tube after introduction. 
By inserting the cannula in the described way 
it has been possible to collect 100-200 ml of 
lymph/hour: which is about the same volume 
as that described by Bierman et a l . (5)  after 
ligation of thoracic duct cranial to inserted 
catheter. Apparently gravity drip is enough 
to drain the major part of lymph flow outside 
through the plastic catheter, and only a small 
part of lymph of the thoracic duct is able to 

reach the vein system. These results thus 
demonstrate that it is unnecessary to ligate 
the thoracic duct to collect the major part of 
the thoracic duct lymph. The present method 
is apparently a minor surgical procedure com- 
pared to complete ligation of thoracic duct 
and therefore the scope of this operation can 
be widened to include patients with other dis- 
eases than cancer, where it might be expected 
that the lymph constituents are abnormal. 
When chyle is not collected the cannula is 
filled with heparin. In this way we have been 
able to keep the cannula working for 2-5 days. 
If aseptic precautions are strictly held there 
might be no contraindications to collecting 
thoracic duct lymph for even longer periods 
as indicated by Bierman e t  a1.(5) .  During 
the whole time of drainage it is important to 
control plasma electrolytes and plasma pro- 
teins continuously to be able to replace the 
loss of these substances through the lymph. 
When the experimental period was ended the 
wound is partly reopened under local anes- 
thesia. The stay sutures and the catheter 
were removed and the opening in the thoracic 
duct is closed with a fine atraumatic catgut 
suture. In 2 cases after lymph drainage was 
completed, the tube was sealed and :ymph 
within allowed to clot. The tube was un- 
eventfully withdrawn 2 days later. In  one 
case the catheter was accidentally drawn out 
during collection of lymph, but the opening 
in the thoracic duct closed of itself and no 
leakage was observed. 

Biochemical methods:  Analyses of the dif- 
ferent components of serum and lymph were 
done mainly according to procedures de- 
scribed earlier( 4). The alkaline phosphate 
activity was determined according to Bessey 
et al.( 7 ) ,  the acid phosphate activity accord- 
ing to Fishman and Lerner (8). Aldolase ac- 
tivity was determined according to Sibley and 
Lehninger (9).  Transaminase activity was 
measured according to Karmen et al.( lo), 
and lactic dehydrogenase was determined ac- 
cording to Wrobleski e t  al.( 11). 

Results.  The thoracic duct has been can- 
nulated in 6 adult patients for 2-5 days. Rele- 
vant clinical data are listed in Table I. There 
was no evidence of clinical dysfunction in 
any of these subjects during or after drainage 
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T A B I X  11. Giocliciiiical Data of Scruiii and Thor- 
acic Ihict T,ynipli f rom a Paticlit with Cancer of 
tlita 1.iiiigs. T l i ~  thor:tcic t1iic.t w;is c:iiiiiiil:itcd with 
;I plastic catlietcr during l0c:il :iiicstlicsia a i id  t l i c b  

lymph was collcctetl iiiteriiiittciltly for 3 (lays. 

~~~ _ _  

period. The procedure was well tolerated in 
all cases. Bowel movements occurred with- 
out change. Patients became acclimatised to 
the cannula very quickly and were ambulatory 
in the ward. 

In Table I1 are shown some analyses of si- 
multaneously obtained fasting serum and 
lymph and also lymph on peak of fat absorp- 
tion during a representative study on a 52-  
year-old man with bronchial carcinoma of the 
left lung. The analyses are mainly in ac- 
cordance with those reported for human 
thoracic duct lymph by Bierman et a L ( 5 ) .  
Total cholesterol content of blood was mark- 
edly higher than that of lymph. Some in- 
teresting observations were made on enzyme 
concentration of the lymph. Aldolase activ- 
ity of fasting lymph was higher than that of 
fasting serum. Some hours later during ac- 
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tive absorption the activity increased 4 times. 
The same phenomenon was observed for alka- 
line phosphatase. The lactic acid dehydro- 
genase activity was also higher in lymph than 
in fasting serum. The acid phosphatase and 
transaminase did not show any significant dif- 
ference between fasting serum and fasting 
lymph. However, if enzyme activity in 
lymph is corrected for the lower protein con- 
centration both aldolase activity and acid 
prostatic phosphatase activity are signifi- 
cantly higher than in blood. This phenome- 
non thus suggests that some enzymes are 
carried via the lymphatic pathway to the 
blood stream and that it might be of value 
to determine certain enzyme concentrations 
in the lymph for diagnostic purposes. 

After adding CI4-labelled fatty acids to 
food a prompt appearance of the isotope was 
observed in cases with normal fat absorption. 
These results thus clearly demonstrate the 
usefulness of this method for studying ab- 
sorption of different labelled fats via the 
lymphatic pathway in man (to be published). 
One patient with non-tropical sprue has been 
cannulated and the thoracic duct lymph col- 
lected for several days. The results of this 
investigation will be published elsewhere. 

For investigational purposes, a method for 
collecting thoracic duct lymph in man has 
long been needed. The present method of 
cannulating the thoracic duct is a relatively 
simple procedure to perform on patients in 
whom for diagnostic and prognostic purposes 
a supraclavicular lymph node biopsy has to 
he carried out. N o  evidence of chylous fis- 
tula appeared in any of our cases, nor were 
any other untoward reactions observed. I t  is 
therefore suggested that this cannulation 
technic might also be used for investigational 
purposes in other selected patients with e . g .  
malabsorption syndrome, hypercholesterol- 
eniia, cancer, hematological disorders, etc. 
where metabolic disturbances in the lymph 
constituents can be expected. 

Sirmnzary. A method for introducing a 
plastic cannula into the thoracic duct of man 
is described. The major portion of the thor- 
acic duct lymph can be collected intermit- 
tently for 2-5 days. No complications have 
been encountered. Some preliminary analyses 
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of human thoracic duct lymph are given. This 
method has been useful in the study of intes- 
tinal absorption of different labelled com- 
pounds via the lymphatic pathway. 

This work is ,part of investigations supported by the 
Swedish Medical Research Council. 
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Tryptophan-Nicotinic Acid Metabolism in Schizophrenia. (23837) 

SACHCHIDANANDA BANER JEE AND P. S. AGARWAL 
Department o f  Physiology, Presidency College, Calcutta 12 ,  India 

I t  is now fairly established that tryptophan 
is the dietary precursor of S-hydroxytrypta- 
mine ( 1 ) which is then oxidatively deaminated 
by way of 5-hydroxyindolacetaldehyde to 
yield 5-hydroxyindolylacetic acid ( 2 )  . The 
presence of 5-hydroxyindolylacetic acid in 
normal urine indicates that an appreciable 
proportion of tryptophan is metabolised via 
5-hydroxyindole route (3) .  S-hydroxytrypta- 
mine also occurs in the central nervous system 
and Woolley and Shaw(4-6) consider i t  to 
play a vital part in normal mental processes. 
They have attributed some naturally occur- 
ring psychotic states such as schizophrenia to 
be the result of an altered metabolism of this 
compound. Both deficiency as well as exces- 
sive formation of serotonin in the brain(4'7) 
have been held as possible aetiological factors 
of schizophrenia. 3-indoleacetic acid is also a 
normal constituent of human urine, but it is 
not yet settled whether it is a product of 
metabolism of body tissues or is derived en- 
tirely from plant material in diet and bac- 
terial action on tryptophan in the gut(8). 
In view of these conflicting opinions it was 
considered worthwhile to study the various 
metabolic routes of tryptophan in patients 
suffering from schizophrenia and in normal 
men, 

Material and methods.  Twenty adult male 
patients suffering from schizophrenia ad- 
mitted in the Lumbini Park Mental Hospital, 
Calcutta were selected for study. Xormal 
studies were also made on 10 research workers 
of the laboratory. Their diets did not vary 
from day to day. The 24-hour urine was 
collected in bottle containing 10 cc toluene. 
Urinary excretions of 5-hydroxyindolylacetic 
acid and 3-indoleacetic acid were determined 
for 2 consecutive days in 10 subjects of 
schizophrenia. A t  end of second day's col- 
lection of urine: they were fed 5 g DL-trypto- 
phan and 24-hour urine samples collected 
daily for 3 subsequent days and analyzed as 
before. Similar studies were also made on 10 
normal subjects. Daily urinary excretions of 
nicotinic acid, quinolinic acid, "-methyl- 
nicotinamide (NMK) , 6-pyridone, trypto- 
phan, kynurenin, anthranilic acid, and 3-hy- 
droxyanthranilic acid before and for 3 days 
after a similar dose of tryptophan were deter- 
mined on another 10 patients suffering from 
schizophrenia. The results of such studies 
on normal subjects by the authors have al- 
ready been reported (9) .  S-hydroxyindolyl- 
acetic acid was estimated chemically by the 
method of Udenfriend, Titus and Weiss- 
bach( 3).  3-indoleacetic acid was estimated 


