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Summary 

The passage from blood to peripheral lymph of 131 !
labeled human serum albumin has been studied in 6 
male patients (30 - 70 years) with malignancies with
out metastases. On the first day the concentra
tion of radio-labeled albumin in the blood was 
kept almost constant by repeated i.v. injections. 
Lymph was coUected continuously from a cannulat· 
ed subcutaneous lymph vessel on the leg. 

Two hours after the first i.v. injection of radio
labeled albumin the lymph contained significant 
amounts of radioactivity in aU patients. Equilibrium 
between radioactivity in blood and lymph was reach
ed after 26 hrs. This indicates a long " wash out time" 
of unlabeled protein in the interstitial tissue from 
where lymph has been sampled. 

Introduction 
In previous studies on 24 hour variation of leg 
lymph composition in man, no correlation 
was found between lymph flow and protein 
concentration (3, 6). The highest flow and 
protein concentration was found in the early 
morning hours after night rest. During the 
day a continuous decrease in protein concen· 
tration occurred on a stable or slightly decreas· 
ing lymph flow. We attributed this lack of cor
relation to the time required to wash protein
rich lymph formed during the night rest out 
of the interstitial space and the lymph vessels, 
causing a lag between lymph formation and 
lymph collection. In the present report this 
time lag has been investigated by registration 
of the first appearance in sampled lymph of 
i.v. injected labeled albumin and the equili
brium time between plasma and lymph. 

Materials and Methods 
The study was performed on 6 male patients 
mean 55 years (range 30- 70) , all giving their 
appropriate consent. They were under treat
ment for carcinomas (ca. bronchiale 3, ca. cu
tis 1, ca. gingiva 1, malignant melanoma 1 ). 
All were in good physical condition and out 
of bed during the day. 

Ly mph collection. A superficial leg lymph ves
sel was cannulated as previously described (2). 
Lymph was collected continuously into plastic 
syringes containing 20 IU of heparin in 0.2 ml 
saline, taped to the leg. The syringes were re
placed at the end of each sampling period. 
The content of each syringe comprising all 
lymph sampled during the preceding interval , 
was analysed separately . 

Injection of 131I-labeled human albumin. The 
transcapillary escape rate of albumin in man 
is about 5%/hr (7). To achieve a relatively 
stable level of labeled serum albumin in plas
ma ; it was therefore necessary to give repeat
ed injections. The mean total dose was 28.4 
,uCi. About 80% of this dose was given at hr. 
08.00 in the morning while the patient still 
was in bed. Later 4% of the total dose was 
injected every second hour with the last in
jection at hr . 18.00 in the night. Immediately 
after the first injection in the morning the pa
tient rose and stayed out of bed for the rest 
of the day. 131 I-labeled human serum albu
min was obtained from Institute of Atomic 
Energy, Kjeller , Norway (code I.K. 2 1S). 

Blood and ly mph sampling. The radioactivity 
was injected through a plastic infusion cannula 

0024-7766/79 1400-0077 s 02.00 © 1979 Georg Thieme Pub I ishers 

Permission granted for single print for individual use. 
Reproduction not permitted without permission of Journal LYMPHOLOGY.



78 A. Engeset, M. Aas, W. Olszewski, J. Sokolowski 

placed in the left cubital vein. Blood samples 
were collected from a cannula in the right cu
bital vein every second hour, immediately be
fore injection of labeled albumin. At the same 
time the syringes with the lymph samples were 
replaced. The last samples were taken at hr. 
20.00 in the night. During night rest there was 
no sampling. On day II blood and lymph sam
pling started at hr. 08.00 in the morning and 
every second hour until hr. 16.00. No radioac
tivity was injected on day II. Lymph flow was 
measured and the protein concentration and 
radioactivity measured in the plasma and 
lymph. 

Measurement of protein concentration and 
radioactivity. Protein concentration was deter 
mind by the biuret method. The radioactivity 
was measured in an Intertechnique CG 4000 
gamma counter with counting efficiency about 
40%. The count rates were corrected for decay 
back to the time of injection. 

Results 

The first lymph samples taken I 0-15 min af
ter the patients were out of bed in the mor
ning, contained lymph accumulated during 
the night when there was a low flow of con· 
centrated lymph. Throughout the day there 
was, as previously found (3 , 6), a drop in 
lymph/plasma protein concentration ratio and 
a relatively stable lymph flow (Fig. 1). 

The mean radioactivity in plasma and the 
peripheral lymph is given in Fig. 2. The fig
ure shows that the radioactivity per mg pro-
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tein in plasma remained at a relatively stable 
level during the first 16 hrs. , around 75 cpm/ 
mg protein. On the second morning, the plas
ma radioactivity dropped to about 2/3 of that 
of the first day with a trend towards further 
drop during the day. 

There was no measurable radioactivity in the 
first lymph samples on day I. The second sam
ples, however, contained significant amount of 
radioactivity in all patients (Fig. 2). The radio
activity of the lymph increased continuously 
throughout the first day to about 1/3 of the 
plasma level late in the evening. The individual 
variations were small. On day II there were 
greater variations from patient to patient. In 
the first morning sample the specific activity 
in the lymph was still lower than that of the 
plasma, but the difference was not significant. 
Lateran the mean values of radioactivity were 
at the same level in plasma and lymph. 

Discussion 

Labeled albumin injected intravenously will 
very rapidly be evenly distributed throughout 
the whole vascular system. Therefore the albu
min transported to the interstitial fluid from 
the olood capillary in the area studied, will 
have the same specific activity as the plasma 
albumin at the same time. However , in the 
lymph sampled about 15 min. after i.v. injec
tion of labeled aloumin the count rate was not 
significantly above zero. The explanation is 
that this lymph contains practically only pro
tein which has accumulated in the tissue and 
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Fig. I Lymph flow (•) and ratio between 
total protein concentration in leg lymph 
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Fig. 2 Radioactivity in plasma and 
peripheral leg lymph after i.v. injec
tions of 131 !-labelled human serum 
albumin expressed as counts/min. pr 
mg protein. Mean injected dose 
28.4 }.!Ci. Mean values ± 1 S.E. 
Arrows indicate time of injections. 
Same patients as Fig. 1. 
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initial lymphatics during the preceding night. 
The very first appearance of labeled albumin 
in the lymph was not registered, but after 
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two hours significant amounts of radioactivity 
were present in the lymph samples. This 
means that it takes less than two hours for 
the first albumin molecules to cross the capil
lary membrane, traverse the interstitial fluid 
space and enter the lymph vessel and collec
tion tube. It cannot be excluded, however, 
that some of the 131 I has passed to the lymph 
as free iodine. However, the first time of ap
pearance is in good agreement with the find
ings of Taylor et al . (8) after subcutaneous 
injection of labeled protein. In the following 
lymph samples there was a steady but slow 
increase in radioactivity. This means that there 
is a slow, gradual disappearance of unlabeled 
protein in the interstitial tissue with which 
the labeled protein is mixed. 

It has been suggested that the ground sub
stance in the interstitial tissue consists of a 
colloid-rich, water-poor phase and a water-rich 
colloid-poor phase ( 4). Most of the macromole
cules forming the interstitial ground substance 
have a low isoelectric point and accordingly 
a net negative charge at physiological pH (5). 
This means that the colloid-rich phase of the 
ground substance will have very little tenden
cy to bind the negatively charged albumin. 
Consequently, most of the albumin will stay 
in the water-rich phase. The necessary time 
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for reaching equilibrium between the plasma 
albumin and the lymph albumin in a certain 
area will be determined by the transcapillary 
escape rate of serum albumin, the amount of 
unlabeled protein in the interstitial tissue and 
lymph in the area studied (9), the distance the 
molecules have to pass including the length of 
the tube and the outflow rate of the lymph. 

Equilibrium is reached after 26 hours. For the 
whole body the shortest possible equilibrium 
time can be calculated: Based on the transca
pillary escape rate of between 5 and 6 per 
cent (7), a back flow to the plasma compart
ment of about the same order and a tissue 
fluid lymph protein pool of about the same 
size as the plasma albumin-pool (I), equilibri
um should be reached after about 12 hours. 
This fits well with the studies performed on 
dogs by Wasserman et al. (1 0) where the ra
dioactivity in central lymph was studied in 
anaesthetized dogs after i.v. injection of label
ed human serum albumin. They found equili
brium between plasma and thoracic duct 
lymph after 7- 13 hours. This is a significant
ly shorter equilibrium time than in the present 
study. This difference might be explained by 
two factors : First of all the liver contributes 
25 - 50% of the thoracic duct lymph in anaes
thetized dogs (11). Because of the discontinu
ous capillaries in the liver, the lymph from 
this organ contains nearly as much protein as 
the circulating plasma (11). This might shorten 
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the equilibrium time. The disappearance rate 
of the unlabeled protein with which the label
ed protein is mixed is probably also faster in 
the liver than in peripheral tissue, because of 
the higher lymph flow. 

In conclusion: The first appearance of labeled 
protein in sampled peripheral lymph in the 
present experiment shows that the lag due to 
passage of the protein molecules throughout 
interstitial tissue, the lymph vessel and collec
ting tube is less than 2 hours. Equilibrium be
tween plasma and lymph is reached when ex
cess unlabeled protein from the time before 
the i.v. inejction has passed out from the inter
stitial tissue and lymph vessel. In the present 
study this took 26 hours. The patients were 
studied during normal every day activities and 
night rest. The changing position and changing 
muscular activity of the extremities will influ
ence capillary ftltration and lymph flow and 
consequently also the wash out time of the 
interstitial proteins. The time of the first ap
pearance of labeled protein and the equilibri
um time between plasma and lymph might be 
significantly different from the present find
ings in various steady state situations, for in
stance when the patients are observed resting 
in bed for several days. 
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