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to portal congestion. Support fo~ this view derives from the fmding that protein concentration 
in liver lymph was abnormally lor-r in each one of 14 consecutive patients with portal hyper­
tension secondary to hepatic cirrhosis, a close relationship which was overlooked in earlier re­
ports based on fmdings in a smaQer number of patients (3, 4). Although more information is 
needed, particularly with regard ~o protein content of liver lymph in patients with less ad­
vanced stages of cirrhosis, it is teptpting to speculate that altered sinusoidal permeability to pro­
tein, however, obscure in origin, f11ay be an important component of the mechanism underly­
ing portal hypertension. 
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with Red Bloodl Cell Catabolism in Lymph Nodes of the Sheep 
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The Australian National University, Canberra, Australia 

Summary 

Qualitative and quantitative analysis tir post-nodal lymph of the sheep has shown that the distinct yellow 
colour of this fluid pool is due to the! presence of relatively large amounts of bilirubin. In efferent lymph 
from the popliteal, prefemoral, prescapular, renal and intestinal lymph nodes total bilirubin concentrations 
were 3-8 times higher than the corres~onding concentrations in blood plasma. In contrast the total bilirubin 
concentrations in afferent lymph from the lower leg and kidney were less than the corresponding concen­
trations in blood plasma. Histological bxamination of several popliteal and mesenteric lymph nodes revealed 
the presence of free iron and pilirubid in the cytoplasm of cells located near the lymphatic sinuses of the 
node. In addition, the concentration of bilirubin in efferent lymph from the popliteal node was observed to 
increase following an induced rise in the number of red blood cells reaching the node by way of the afferent 
lymphatic duct. These latter observati~ms suggest that the bilirubin in post-nodal lymph is associated with 
the catabolism of extravascular red ce~s by reticulo-endothelial cells within the lymph nodes. 
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Introduction 

Bilirubin in tissues and fluid pools in the body is largely derived from the catabolism of ery­
throcyte haemoglobin ( 1, 2). Cells capable of processing erythrocyte haemoglobin to bilirubin 
occur in almost all tissues but are

1 

present in high numbers in the spleen, bone marrow, liver 
and lymph nodes (3). However, the actual sites of catabolism of senescent red blood cells in 
the intact animal are at present uncertain. Under experimental conditions, red blood cells al­
tered by immunological, chemical or physical means are largely removed by the liver and spleen 
in both animals and man {4, 5, 6, 7, 8): -

Notwithstanding, it would appear that significant catabolism of red blood cells and erythro­
cyte haemoglobin may take place~ in peripheral sites including lymph nodes (9). Indeed, it is 
known that peripheral lymph nod:es in the dog and the rabbit remove autologous red cells 
when these cells are infused into the node by way of the afferent lymph (10, 11, 12), and the 
mediastinal lymph nodes in a number of animals have been shown to be capable of removing 
some of the red cells introduced into the peritoneal cavity (13). 

In the present experiments, high 9oncentrations of bilirubin in post-nodal lymph in the sheep 
are reported and the suggested role of lymph nodes in the catabolism of red cells has been in­
vestigated in further detail. 

Materials and Methbds 

Animals 

Adult merino and merino cross-b~ed sheep were used in the experiments. These sheep were a 
mixture of wethers and non-pregnant ewes. The animals were housed indoors in metabolism 
cages and fed lucerne chaff and o~ts ad libitum. 

Various lymphatic ducts in 25 sh~ep were cannulated in the following manner: An efferent 
lymphatic duct of the popliteal nbde in each of 15 animals was cannulated by the method of 
Hall and Morris {14). In 9 of theJe sheep, an afferent lymphatic duct of the popliteal node was 
cannulated in the opposite leg en~bling simultaneous collections of efferent and afferent lymph 
to be made in each of these shee~. Intestinal lymph was collected from 7 sheep following the 
procedure of Lascelles and Morrisj (15). The intestinal lymph was recirculated in each sheep 
through an indwelling jugular cannula. In 3 sheep, an efferent lymphatic duct of each of the 
prefemoral and prescapular nodesj were cannulated as described by Hall and Morris (6) and 
Pedersen and Morris {17), respectively. Following the surgical procedure described by Mcintosh 
{18), an afferent and efferent lyrrtphatic duct of the renal lymph node were cannulated in each 
of 2 sheep. Difficulty was experidnced in maintaining lymph flow from the renal afferent duct 
due to the presence of large numbers of red blood cells in this lymph following cannulation 
( cf. Table 3). Thus additional renhl afferent lymph from a transplanted kidney autograft was 
obtained as described by Pedersen, and Morris ( 17). 

An indwelling jugular cannula was inserted in each sheep at the time of the lymphatic cannula­
tions to facilitate blood collection without disturbance to the animal. 

In all except 1 sheep, a recovery period of at least 3 days and up to 10 days was allowed post­
operatively before samples of blood plasma and lymph were collected for analysis. In 1 sheep 
with a renal afferent cannulation,: samples were collected at 6-8 hr after the operation. 

For comparative purposes, the thoracic ducts of 4 Wistar strain {random bred, closed colony) 
rats were cannulated by the method of Bollmann, Cain and Grindlay ( 19) and samples of tho­
racic duct lymph were collected over the following 1-5 days for analysis. Blood samples were 
obtained from an indwelling fem~ral vein cannula in each rat. 
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Lymph samples were collected into graduated glass measuring cylinders containing 0.01 m1 of 
a 1000 i. u./ml heparin solution (fularin, Evans Medical Australia Ltd, Boronia, Victoria). 
Lymph was collected in this ma.nher at intervals for periods of 10 min to 1 hr. Samples of 
blood plasma were taken in the nllddle of each period of lymph collection. 

Cell Counting 1 

Total lymphocytes and red blood I cells (RBC) in lymph were determined using a model ZBl 
Coulter Counter (Coulter Electrmjlics, England). In_ynediately after collection, 0.05 ml of lymph 
was diluted to 25 m1 with 0.9% sterile saline. A total cell count was carried out on the diluted 
lymph sample before 3 drops of Zaponin (Coulter Electronics, England) were added to lyse 
the RBC in the lymph. A total lJ?nphocyte count was then carried out and the number of 
RBC in the lymph was defined as the difference between the total cell count and the total 
lymphocyte count. I 

Biochemical Analysis 

(a) Total Bilirubin 

I 

Total bilirubin in lymph and plasma was determined using a modification of the Jendrassig 
and Grafts alkaline diazo-coupling method as described by Brodersen and Jacobsen (20). 
A bilirubin standard was prepared from pure bilirubin (Sigma Chemical Co., USA) according 
to the methods previously descri~ed {21, 22). 

(b) Thin Layer Chromatography 

The yellow pigment from post-no:dal lymph from the intestine and the popliteal node was ex­
tracted with 20 volumes of 95% ethanol. The extracted pigments were separated by thin layer 
chromatography (TLC) on 0.5 nJn layer of silica gel with liquefied phenol:water, 41:9 (v/v) 
as solvent (23). I 

I 

I 

(c) Albumin Determination 1 

The single radial immunodiffusio~ technique (24) was used to determine the concentration of 
albumin in lymph and blood samples. Monospecific anti-ovine albumin was prepared by intra­
muscular injections of 5 mg of p~re ovine albumin together with 1 m1 Freund's complete ad­
juvant D (Difco, USA) into the hind leg of an outbred rabbit. 

Pure ovine albumin was prepared jby pooling fractions from the major optical density peak of 
a DEAE Sephadex gradient eluti~ (0.1 M to 0.4 M phosphate buffer, pH 8.0) of sheep albu­
min fraction V {Schwarz/Mann, USA). 

(d) Precipitation of Albumin Using Antisera 

Efferent lymph from a popliteal *ode of one sheep was slowly added to rabbit monospecific 
anti-ovine albumin serum until a fmal ratio of 1 to 5 (lymph: antisera) was achieved. Albumin 
and total bilirubin determination~ were carried out on the lymph before and after precipitation 
of the albumin. Corrections were :made for dilution effects and the small increment in total 
bilirubin associated with the addition of the rabbit antisera. Efferent lymph added to normal 
rabbit serum was used as a contrbl. No change in total bilirubin or albumin was observed in 
the control. I 

I 

Injection of Isologous Red Blood 'Cells 

In each of 2 experiments, 10 ml ~f sterile whole donor blood was collected into capped glass 
centrifuge tubes containing 10 m~ of sterile Alsevers solution (25). The 'huffy coat' and serum 

! 

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



116 J.W. Quin, A.D. Shannon 

were removed by centrifugation: at 1100 g for 10 mins. The red blood cells were washed 4 
times in Alsever's· solution and serially diluted to approximately 107 RBC/ml. 

I 

A 1 ml volume containing 107 RBC was injected subcutaneously below the tarsus of the same 
sheep from which it had been cbllected and the recovery of RBC and bilirubin in efferent and 
afferent popliteal lymph determined. 

Histochemistry 

Intestinal and popliteal lymph nbdes were removed from 3 sheep. The nodes were fiXed in for­
mol-saline, embedded in paraffirt and 4 p.m serial-sections stained for ferric ion (26) and bili­
rubin (27). A serial section was hlso stained with haematoxylin and eosin to determine structure 
and cell differentiation. ' 

Results 

Characterisation of the distinct yellow colour in postnodal lymph of the sheep by standard 
physico-biochemical methods re+ealed that the yellow pigment was bilirubin. A summary of the 
main characteristics is as follows~ 

(a) The post-nodal lymph collected from the various regions gave a positive, indirect Van den 
Bergh test (28). 
(b) The light absorption spectrum of efferent lymph from the popliteal node was a slightly 
skewed (to the right) parabolic durve with an absorption maximum between 460 and 470 nm. 
This light absorption spectrum ~1 

as similar to the bilirubin-albumin complex reported by Blau­
er, Harmatz and Snir (29). 
(c) The Rf values of 0.70-0.851 contained by TLC separation of the ethanol extracted pigment 
from efferent lymph of the popliteal and intestinal nodes were similar to those observed for a 
bilirubin standard run on the same plate. In addition the pigment exhibited red-orange fluores­
cence in long wave ultraviolet light. 
(d) A significant correlation (r:lvalue = 0.96, probability< 0.01) was observed between the 
intensity of the pigment (absorbf!Ice per em at 460 nm) and the total bilirubin concentration 
in efferent lymph of the poplite4! node. 
(e) G 200 sephadex fractionat~on of efferent lymph from the popliteal node showed that the 
bilirubin was entirely associated ~ith compounds in the third major optical density peak. The 
results presented in Table 1 show that a 33% reduction in total bilirubin accompanied the pre­
cipitation of 37% of the album~ in efferent lymph from the popliteal node. Further precipita­
tion was not carried out due to the error in determining total bilirubin and albumin concentra­
tions below 1 p.g/ml and 2 mg/ml,l respectively, in the diluted samples. However, the results sug­
gest that the bilirubin in post nodal lymph is largely, if not entirely, associated with albumin. 

I 

The results in Table 2 show that: the total bilirubin concentrations in post-nodal lymph from 
5 different regions of the sheep and the thoracic duct of the rat were 3-8 times higher than 
the corresponding concentrations found in blood plasma. In contrast, the concentration in af­
ferent lymph from the 2 regions 1

1

of the sheep examined was generally less than that of blood 
plasma. Despite the large variation in total bilirubin concentrations of post-nodal lymph be­
tween animals, the total bilirubiri concentrations observed in all of the sheep and 3 of the 4 
rats were significantly higher thatt that of blood plasma. In addition, a significant correlation 
(r = 0.90, P < 0.05) was observed between the total bilirubin concentration in efferent pop­
liteal lymph of the sheep and the number of RBC in this lymph. 

Since the bilirubin in efferent lymph is bound to albumin, similar lymph:plasma concentration 
ratios for both bilirubin and aibJmin could be expected. However, a comparison between the 
results for albumin and bilirubin ~resented in Table 2 point to the fact that the lymph:plasma 

I, 
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Table 1. Changes in the total bilirubin and albumin 
concentrations in efferent lymph of ¢e popliteal 
node following precipitation of the albumin with 
monospecific anti-ovine albumin. Val~es have been 
corrected for dilution effects and the I increment in 
total bilirubin associated with the addition of the 

ratios for bilirubin in postnodallymph are 
much higher than those for albumin. Thus 
it is highly unlikely that the bilirubin in post­
nodal lymph of the sheep is entirely plasma 
derived. 

rabbit antisera I 

Lymph collected from the sheep contains a 
high percentage of RBC (Table 3). Indeed, 
the RBC in afferent lymph of the hind limb 
represent 50% of the total cells present in the Efferent lymph 

before precipitation 
after precipitation 
%reduction 

Total Bili- I Albumin 
rubin 
(pg/ml) (mg/.nil) 

7.94 
5.29 
33 

11.85 
7.45 
37 

lymph. In contrast the RBC in efferent lymph 
from several regions of the body represent on­
ly 20-30% of the total cells present in the 
lymph, although the actual concentration of 
RBC in efferent lymph is higher from that ob­
served in afferent lymph. 

Table 2. The total bilirubin concent*tion observed in various sources of lymph and in blood plasma of the 
sheep and in lymph from the thorac~c duct of the rat The lymph:plasma concentration ratios for both total­
bilirubin and albumin are also given.IValues shown are means ±standard errors with the number of animals 
in each group shown in brackets. 

Plasma (23) 
Afferent popliteal (9) 
Efferent popliteal (15) 
Efferent intestinal (7) 
Efferent prefemoral (2) 
Efferent prescapular (3) 
Afferent renal (2) 
Efferent renal (1) 
Rat thoracic duct ( 4) 

*Total protein L:P ratio 

I 

Concentration 
(pg/ml) 

0.81 ± 0.09 
0.37 ± 0.06 
3.72 ± 0.57 
2.00 ± 0.38 
3.50 ± 1.40 
2.30 ± 0.38 
0.38 ± 0.03 

1.93 
3.37 ± 1.14 

L:P Ratio 
Bilirubin 

0.54 ± 0.12 
5.62 ± 0.89 
4.67 ± 1.74 

4.90 (1) 
1. 70 (1) 
0.20 (1) 

2.88 
2.77 ± 0.93 

L:P Ratio 
Albumin 

0.27 ± 0.02 
0.50 ± 0.03 
0.53 ± 0.02 

0.67 (1) 

0.68 (1) 

0.19 (1) 

0.68 
0.54 ± 0.02* 

The results presented in Fig. 1 (a) show that the injection of autologous red cells into a re­
gional site drained by the popli1eallymph node resulted in an increase in the bilirubin concen­
tration in the efferent popliteal I lymph. The bilirubin concentration began to rise sharply 2 hr 
after the injection and had reached a maximum by 5 hr. This rapid change in bilirubin concen­
tration in efferent lymph was nbt accompanied by a rise in bilirubin concentration in blood 
plasma or in afferent lymph dr~ning the site of injection. The recovery of a large number of 
RBC in both efferent and afferent lymph during the first 2 hr after the injection (Fig. 1 b) 
suggests that capillary damage may have occurred in the area of injection and that most of the 
RBC in afferent lymph escaped trapping in the popliteal node. Fallowing the injection of RBC, 
the higher output of red blood cells in efferent lymph relative to afferent lymph was probably 
due to the failure to recover aU the afferent lymph from the site of injection. 

Histological examination of the; popliteal and mesenteric lymph nodes of 4 sheep revealed the 
presence of free iron and bilirubin within the reticuloendothelial cells. In Fig. 2a the presence 
of free iron can be seen in a nilinber of cells located within and adjacent to the lymph sinuses 
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Table 3. The relative and absolute numbers of red blood cells in various sources of lymph from the sheep 
and in rat thoracic duct lymph. The lytnph flow is also given. The values shown are means ± standard errors 
with the number of animals in each gr9up shown in brackets. 

Source of Lymph 

Afferent popliteal (8) 
Efferent popliteal (13) 

Afferent renal (I) 

Efferent renal (I) 
Efferent intestinal (7) 
Rat thoracic duct (2) 

*Sample taken the day of the operation 

" 40 0 
J: ... 
'g 

" 30 g 
0 20 

~ 
::I 
0 

Lymph flow 
(ml/h) 

2.3 ± 0.4 
5.1 ± 0.5 

_6.4 
3.0 

42.2 ± 3.0 
2.3 ± 1.3 

(a) 

(b) 

·3 ·2 ·1 o 1 2 3 4 s b 1 1 1a 24 

TIME AFTER INJECTION OF RBC (hour!) 

Red blood cells %Total cells 
(X 106/ml) 

0.7 ± 0.2 52.1 ± 6.1 
1.9 ± 0.5 23.1 ± 5.0 

66.6 98.6* 
4.0 21.2 

6.5 ± 1.4 31.0 ± 3.8 
5.5 ± 0.2 22.3 ± 0.2 

Fig. la. Changes in the total bilirubin concentration 
observed in efferent lymph from the popliteal node 
(open circles) of 2 sheep and afferent lymph to the 
popliteal node (closed circles) of 1 sheep following 
a subcutaneous injection of isologous red blood 
cells (RBC) below the tarsus. 
b. Changes in the output of red blood cells in ef­
ferent lymph from the left popliteal node (open 
circles) and afferent lymph to the right popliteal 
node (closed circles) of 1 sheep following a sub­
cutaneous injection of isologous red blood cells be­
low the tarsus of each hind leg. 

of a popliteal node from one of the sheep. At a higher magnification {Fig. 2b) this free iron 
can be seen located in granular form within the cytoplasm of large cells. Specific bilirubin 
staining was observed in a granular form within the cytoplasm of large cells in the sinusoidal 
areas (Fig. 3). In addition, large numbers of small bilirubin particles were observed in the ex­
tracellular space of the node. Fig. 4 shows several large cells in the lymphatic sinusoidal area 
in which the cytoplasm can be seen to be engorged with RBCs. This section was taken from 
one popliteal lymph node of a sheep in which the efferent popliteal lymph contained a per­
sistently high concentration of to~ bilirubin {10.8 J.lg/rnl; 27 times the plasma concentration) 
and large numbers of RBC. · 

The examination of popliteal and besenteric lymph nodes from the rat also showed the pre­
sence of free iron and bilirubin within reticuloendothelial cells. However, the amount of each 
catabolism product present in thej

1

e nodes of the rat was significantly less than that seen in the 
sheep. 

I 

I 

I 
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Fig. 2a. A section from 
a popliteal lymph node 
stained for ferric iron. 
Iron stained granules 
can be seen in the areas 
adjacent to the lymph­
a tic sinuses. l25X. 

Fig. 2b. A higher power 
magnification from the 
same section as above 
showing the location 
of the iron stained gra­
nules wi thin the cyto­
plasm of several large 
cells. 500X. 

The peripheral lymph of most species contains a substantial number of RBC (30). Indeed, af­
ferent popliteal lymph of the sheep contains approximately 105 -I 06 RBC/mJ (Table 3). The 
popliteal node of the anaesthetised dog and rabbit have been shown to be capable of removing 
autologous RBC when they are infused into the afferen t lymphat ic duct ( I 0, 11 , 12). In these 
two species, the number of RBC recovered in efferent lymph depended on the number of 
RBC infused; recoveries varied from 3% in lymph when 106 were infused to 27% when 105 

were infused. It is also noteworthy that massage of the infused node in rabbits caused a signi­
ficant release of RBC (10, II). (n contrast, similar experiments carried out in the conscious 
sheep suggest that under normal circumstances the popliteal node does not remove large num­
bers of isologous RBC from affere nt lymph. Trevella and Morris (unpublished observations) 
recovered up to 68% of 5 1 Cr-labelled autologous RBC in efferent lymph of sheep in the first 

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



120 J.W. Quin, A.D. Shannon 

• • 

• e; .-

·- ~ 

Fig. 3. A section from 
a mesen teric lymph 
node stai ned fo r bili­
rubin. Stained granules 
can be seen in tl1e cy­
toplasm of several laige 
cells and additional 
smaller granules can 
be seen in the ex tea­
cellular space of the 
node. 325X-

Fig. 4. A section of 
a popli teal lymph 
node showing several 
large macrophages 
(arrowed) engorged 
with red blood cells. 
Haematoxylin and 
eosin. 325X. 

6 hr after their infusion into the popliteal node by way of an afferent lymphatic duct. In the 
present experiments, a comparison between the nu mbers of RBC in efferent and afferent lymph 
of the popliteal node following a peripheral injection of isologous RBC (Fig. l ) is also sugges­
t ive that the popliteal node of the conscious sheep does not remove large numbers of isologous 
RBC from afferent lymph. However, the increases in total bilirubin following a rise in the num­
ber of RBC reaching the node indica tes that the reticuloendothelial cells within the node are 
capable o f removing and catabolising some of RBC in afferent lymph. 

It is suggested that the high concentration of bili ru bin present in post-nodal lymph of the 
sheep is derived from the catabolism of senescent RBC within the node. The p resence of 
who le RBC and of iron and bilirubin stained granules within the cytoplasm of large cells 
sunounding the lymph sinuses would tend to support this hypothesis. The senescent RBC 
may reach the reticuloendothelial cells of the node via the affe rent lymph, or from capillary 
leakage within the node. In this connection, the finding that the number of RBC in ef-

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



High Concentration of Bilirubin in Post~Nodal Lymph of Sheep 121 

ferent popliteal lymph was significantly higher than in afferent popliteal lymph (Table 3) would 
point to a significant addition of lU3C from the blood stream at the level of the local lymph 
node in the sheep. The significant I correlation between the concentration of RBC and total 
bilirubin in efferent popliteal lymph, together with the increase in total bilirubin in efferent 
popliteal lymph following an induced increase in the number of RBC reaching the node, are 
evidence that the total bilirubin cbncentration in post-nodal lymph may be related to the num­
ber of RBC reaching the node. I 

It is of interest that the bilirubin levels in--post-nod~ lymph of the sheep are higher than those 
reported for thoracic duct lymph in humans (31) and cats (32). However, in common with the 
present results, both of these papJrs reported lymph:plasma ratios for bilirubin significantly 
higher than would be expected for albumin, suggesting that the bilirubin in lymph in these spe­
cies also could not be accounted for by capillary filtration alone. 

The metabolic pathways for the conversion of haeme to bilirubin in reticuloendothelial cells 
have been reviewed by Fleishner dnd Arias (33) and Lathe (3). In the present study the bili­
rubin formed from RBC catabolism in the lymph node has been shown to be bound to plasma 
albumin and the complex released into the post-nodal lymph. It is apparent that bilirubin reach­
ing the plasma is quickly and irreversibly removed from the plasma since the half life of 14 C­
labelled bilirubin-albumin complex in sheep is about 6.4 minutes (34). This complex is removed 
from the plasma by the liver (35). Within the liver the bilirubin is dissociated from albumin 
(36, 37), transported to its sites of metabolism by cytoplasmic proteins (38, 39), conjugated 
with various sugars, principally giticuronic acid, and excreted in the bile ( 40). This system al­
lows for the rapid removal of bili~bin from blood plasma and would thus account for the low 
levels of total bilirubin observed in sheep plasma, despite the continual addition of bilirubin to 

I 

the plasma pool by post-nodal lymph. 
I 
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