
126 J.w. Quin, A.D. Shannln 

I 

References 

Levy, R.I., D.S. Fredrickson, R.l Shulman, D. W. 
Bilheimer, J.L. Breslow, N.J. Stone, S.E. Lux, 
H.R. Sloan, R.M. Krauss, P.N. Herbert: Dietary 
and drug treatment of hyperlipoporoteinemia. 
Ann.Intern.Med. 77 (1972) 2671 . 

2 Buchwald, H., R.B. Moore, R.L
1 

Varco: Surgtcal 
treatment of hyperlipidemia. Circulation 49, 
Suppl. I (May 1974) . _ 

3 Danese, C.A., M. Georgalas-Pan~sis, A.E. Kark, 
D.A. Dreiling: Studies of the effects of blockage 
of intestinal lymphatics. I.· Exp~rimental proce­
dure and structural alterations. Am.J.Gastroenterol. 
57 (1972) 541 I 

4 Kalima, T. V.: The structure and function of lym­
phatics and the influence of impaired lymph flow 
on the ileum of rats. Scand.J.Gastroenterol. 6, 
Suppl. 10 (1971) 1 

5 Danese, C.A., J.M. Howard, R. Bower: Regene­
ration of lymphatic vessels. A radiographic stu­
dy. Ann.Surg. 156 (1962) 61 

6 Neyazaki, T., E.A. Kupice, W.H. Marshall, M.L. 
Abrams: Collateral lymphovenous communication 
after experimental obstruction of the thoracic 
duct. Radiology 85 (1965) 423 

7 Threefoot, S.A., M.F. Kossover: Lymphaticoven­
ous communications in man. Arch.Intern.Med. 
117 (1966) 213 

8 Servel/e, M., F. Fouffilange, J. Andrieux, H. Per­
rot, J. Soulie: Ligature des lymphatiques intesti­
naud et arteriosclerose (27 mois d'experience). 
Semaine des Hopitaux des Paris 45 (1969) 571 

9 Monserrat, J., F. Ballesta, L. Torre: Arterio­
sclerosis oblitante cuadrimelica. Hipercolesterin­
emia e hiperlipemia. Ligadura del tronco linlati­
co intestinal. Angiologia 23 (1971) 64 

Callisto A. Danese, M.D., 19 East 98th Street, New York, NY 10029, U.S.A. 

Lymphology 8 (1975) 126-135 
© Georg Thieme Verlag Stuttgart 

The Effect of Anaesthesia and Surgery on Lymph Flow, 
Protein and ~eucocyte Concentration in Lymph of the Sheep 

J.W. Ouin, A.D., Shannon 

Department of Experimental Pathology, John·Curtin School of Medical Research, 
The Australian National University, Canberra, Australia 

! 

Summary 

Anaesthesia and the trauma of sur~ery, associated with the cannulation of lymphatic ducts in various re­
gions of the body of the sheep, had a profound effect on lymph flow, protein concentration and leucocyte 
concentration of lymph. In general lymph flow was depressed and the protein concentration elevated in 
lymph collected at the time of cannulation, or within the first 24 hours of recovery from surgery. The 
changes in protein concentration i~ lymph draining the peripheral regions of the body appeared to be due 
to surgical interference in the region of drainage. The greatest changes in lymph flow were observed in 
lymph draining peripheral regions (skin, tendon, muscular areas) while lymph draining soft tissues in central 
regions (kidney, liver) was less affected by the anaesthesia and surgical stress. 

A neutrophilia was observed in ve~ous blood collected under anaesthesia while the overall numbers of lym­
phocytes in three sources of efferJnt lymph were depressed. It is suggested that corticosteroid hormones 
may play a role in the changes in leucocyte migration observed during anaesthesia and surgical stress. 
Changes observed in the cellular content of afferent lymph appeared to be due to a low grade inflammation 
associated with surgical interferenJe in the region of lymphatic drainage. 

I 

Introduction 

Anaesthesia interrupts physio~ogical functions and may result in biochemical and pathological 
changes in blood and tissues. rhe nature and duration of these changes are dependent upon 
the type of anaesthetic agent employed, together with the length and depth of anaesthesia. 
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Anaesthesia and Lymph Formation 127 

The effect of anaesthesia on flo~ and composition of lymph is of some physiological impor­
tance since these parameters reflect the circulation of fluids and proteins between the vascular 
space and the interstitial space. The effect of anaesthesia on lymph flow in animals has been 
the subject of a number of studies (see 1, 2). In general, it has been found that anaesthesia de­
presses lymph flow with the exception of ether anaesthesia which results in an elevated lymph 

I 

flow. I 

The circulation of plasma proteins bet:w~en the vascular and interstitial pools is of physiological 
importance in view of the role plasma proteins play in blood clotting, wound healing, mainte­
nance of fluid balance, humoral immunity and the transport of various molecules. To date, 
much of the knowledge on the lymphatic transport of proteins has been based on studies in 
the anaesthetised animal, or in animals only recently recovered from anaesthesia. In these ex­
periments it has been assumed that anaesthesia and the trauma associated with surgery have 
had a minimal effect on protei~ transport into lymph. However several reports suggest that this 
assumption may not be valid. Tpe protein concentration in lymph collected from both the in­
testinal and hepatic lymphatic ducts in anaesthetised calves was higher than that observed when 
the animals had fully recovered from the effects of anaesthesia (3). In addition, activity and 
movement have been shown to significantly alter the protein concentration in lymph from the 
lower limbs of dogs ( 4). 

I 

The effects of anaesthesia and surgery may also account for the discrepancies in protein con-
tent of afferent and efferent pdpliteal lymph reported in different species. Thus Osogoe and 
Courtice (5), Roberts and Courtice (6) and Bach and Lewis (7) observed no difference in the 
protein content of afferent and efferent popliteal lymph in the anaesthetised rabbit in direct 
contrast to the relatively large difference in these two sources of lymph reported for the con­
scious sheep (8, 9). The present study has been undertaken to ascertain the effects of anaes­
thesia and the recovery from its effects on protein transport in lymph of the sheep. 

I 

Materials and Methods 

Animals 

Non-pregnant merino and merino cross-bred ewes aged between 2 and 4 years were employed 
in the experiments. The animal~ were housed in-doors in metabolism cages and fed a mixture 
of lucerne and oats. Water was ]provided ad libitum. Food and water were withheld for a period 
of 24 hours prior to surgery to prevent regurgitation of ruminal contents under anaesthesia. 

Anaesthesia 

Anaesthesia was induced with thiopentone sodium (Intraval sodium, May and Baker, Australia) 
and the animals intubated witH a McGill cuffed endotracheal tube. Anaesthesia was maintained 
with a halothane (Somnothan~, "Hoechst Australia Ltd., Australia) -oxygen mixture in a closed 
circuit system. I 

Surgical Procedures 

Various lymphatic ducts in IS!sheep were cannulated as follows: An efferent lymphatic duct 
of the popliteal node in each of 8 sheep was cannulated by the method of Hall and Morris 
(10). In each animal either on~ or two afferent lymphatic ducts of the popliteal node were 
cannulated in the opposite leg !enabling simultaneous collections of efferent and afferent lymph. 
Following the surgical procedure described by Mcintosh and Morris (11), 2 afferent and 2 ef­
ferent lymphatic ducts of the renal node were cannulated in 3 sheep. Both ducts were can­
nulated in one of the sheep, art afferent duct to the node on the left side and an efferent duct 
from the node on the right side. Afferent hepatic lymph was collected from 1 sheep according 

I 
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to the procedure described by Lasce/les and Morris (12). In the remaining 3 sheep, 3 afferent 
lymphatic ducts and 1 efferent lymphatic duct of the prescapular node were cannulated as de­
scribed by Pedersen and Morris ( 13). 

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

Protein Determinations 

Total protein concentrations in blood plasma and lymph samples were determined by the Biuret 
reaction (14). Pooled plasma from\6 sheep·, standar~ised by the ~cro-kjeldahl digestion method 
( 15), was used to draw up a standard aurve. A sample of this standard sheep plasma was in­
cluded in each series of determinations. 

The single radial immunodiffusion \technique ( 16) was used to determine the concentration of 
albumin and each of the immunoglobulin classes in lymph and blood plasma samples. Mono­
specific antisera for each of the irdmunoglobulin classes were prepared as described by Watsan, 
Brandon and Lascelles (17) and fof albumin as described previously ( 18). 

Total cell counts and differentil11 c~unts 

Total white blood cells (WBC) in blood and lymph were counted using a model ZBl Coulter 
counter (Coulter Electronics, England). Smears were prepared, stained with Giemsa stain (G.T. 
Gurr, England) and differential cell counts carried out on the stained fllms. 

Experimental Procedure 

Lymph samples were collected into graduated measuring cylinders containing 0.01 ml of a 1000 
i.u./ml heparin solution (Pularin, Etan's Medical Australia Ltd., Brononia, Victoria). Lymph 
was collected in this manner at int~rvals for periods of 15 minutes to 1 hour and lymph flow 
estimated from the volume collecte1d. Blood samples were taken in the middle of each period of 
lymph collection. 1

1 

In each sheep lymph was collected ~mmediately after the lymphatic duet had been cannulated, 
while the animal was still anaesthetfsed. Foil owing recovery from anaesthesia, lymph was col­
lected during the period 6-12 hours

1 

after the initial collection; subsequent collections were 
made at 1, 2, 3 and up to 20 days ~ter anaesthesia. In 5 of the sheep with cannulated affer­
ent and efferent lymphatic ducts of the popliteal node, collection of lymph was also made 

I 

when the animals had been reanaes~hetised 5 days after the initial period of anaesthesia. 

Results 

Hind Leg Lymph 

(a) Protein. The total protein concentrations in lymph collected from the efferent and afferent 
lymphatic ducts of the popliteal node during anaesthesia and at various times after cannulation 
are shown in Fig. 1 (a). The protein concentrations of lymph from both ducts were consider­
ably higher under anaesthesia than those observed 3 days later in the conscious animal. Indeed, 
the lymph:plasma concentration ratio (Cl:Cp ratio) for afferent lymph under anaesthesia was 
0.57 ± 0.06 whereas 3 days later the ratio was 0.24 ± 0.01, a decrease of 57%. The Cl:Cp ratio 
in efferent lyrriph collected under anaesthesia was 0.64 ± 0.06 compared to 0.42 ± 0.04 ob­
served 3 days later, a decrease of 36%. A significant finding was the observation that the pro­
tein concentrations of efferent and afferent lymph of the popliteal node of the sheep were not 
statistically different when the lymph from both ducts were collected under anaesthesia. This 
would be in agreement with the observations of Osogoe and Courtice (5) and Bach and Lewis 
(7) in the anaesthetised rabbit. Wheri the sheep had fully recovered from the effects of the ope-

l 
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ration, however, a 40% difference in protein concentration was observed in the lymph from 
these 2 ducts as has been reported previously (8, 9). 
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Table 1. The concentrations of albu!rnin and immunoglobulins in efferent and afferent popliteal lymph and 
in blood plasma. Samples were coll~cted under anaesthesia, immediately after cannulation, and again 3 days 

I 

later. Values shown are the means 9f 5 sheep ±standard errors. 

Anaesthetised Conscious 
(immediately after (3 days after Percentage 

Protein Sample cannulation) cannulation) Change 

Plasma 26.53 ± 1.54 27.65 ± 1.90 + 4.2 
Albumin Afferent 12.68 ± 1.53 6.65 ± 0.61 47.6 
(mg/ml) Efferent 17.37 ± 1.36 12.92 ± 1.17 25.6 

Plasma 20.52 ± 2.93 20.68 ± 2.84 + 0.8 
IgG1 A.(ferent 7.61 ± 0.75 2.73 ±0.47 - 64.1 
tmg/ml) Efferent 10.88 ± 2.64 7.93 ± 1.81 - 37.2 

Plasma 7.24 ± 1.44 7.88 ± 1.75 + 8.8 
IgG2 Afferent 2.51 ± 0.61 1.27 ± 0.24 49.4 
(mg/ml) Efferent 4.19 ± 0.59 2.91 ± 0.54 30.6 

Plasma 2.29 ± 0.24 2.15 ± 0.16 6.1 
lgM Afferent 0.74 ± 0.08 0.42 ± 0.03 43.2 
(mg/ml) Efferent 1.19 ± 0.13 0.81 ± 0.08 31.9 

Similar changes to those obse~ed for total protein concentration were also observed in each 
of the individual proteins measured in Table 1, a difference of 43-64% in the afferent concen-

1 

I . 

I 
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tration and 26-37% difference in the efferent lymph concentrations between samples collected 
under anaesthesia and samples collected 3 days later. 

It is noteworthy that no significant change was observed in either the concentration of total 
protein or the concentration bf the individual proteins in blood plasma between anaesthesia and 
the conscious state. 1 

I 

The results in Table 2 suggest that the changes in protein concentration in efferent and afferent 
lymph of the popliteal node, 1:report_ed above, were not due to the effect of anaesthesia alone. 
Anaesthesia, in the absence of surgery, had no_significant effect on the protein concentration 
of either blood plasma afferent or efferent lymph. 

(b) Lymph Flow and Cell Concentration 
I 

Anesthesia induced with barbiturate and maintained with halothane resulted in a considerable 
reduction in lymph flow fro~ the leg (see Fig. 1c and Table 2). Afferent lymph flow under an­
aesthesia was only 25% of the flow observed in the conscious animal, while efferent lymph under 
anaesthesia was 33-50% of nohnal values. 

Changes in the concentration ·of leucocytes in efferent and afferent popliteal lymph between 
the time of cannulation and 3 days later are shown in Fig. 1 (b). Immediately after cannula­
tion, the number and type of leucocytes in afferent lymph were similar to that observed 3 days 
later. However, soon after cartnulation large numbers of neutrophilic granulocytes appeared in 
the afferent lymph and their humbers remained elevated for a period of 2-3 days. The total 
number of leucocytes in effetent lymph collected under anaesthesia was variable when com­
pared with values observed 3 ~ays later. In 3 sheep the number of leucocytes was depressed; 
in another 2 sheep the cell cdncentration was elevated and in the remaining sheep no change 
was observed. Of the leucocytes in efferent lymph, 98% were lymphocytes and anaesthesia and 
surgery had no significant effect on the differential count in efferent lymph. 

During anaesthesia alone, the 'number of leucocytes in efferent popliteal lymph was depressed 
while there was no change in [the number of leucocytes in afferent popliteal lymph (Table 2). 

Table 2. The effect of anaesthesia\ (in the absence of surgery) on the total protein concentration, leucocyte 
concentration and lymph flow in efferent and afferent popliteal lymph. Values shown are means ±standard 
errors with the number of sheep irtvolved in each value shown in brackets. 

I 

Conscious Reanaesthetised 
(5 days after cannulation) 1 hour 2 hours 

Protein Blood plasma (5) 62.80 ± 0.79 63.61 ± 1.04 62.89 ± 0.89 
Concentration Efferent lymph (4) 27.82 ± 1.81 26.06 ± 2.99 34.14 (1) 
(mg/ml) Afferent lympp (4) 14.67 ± 1.24 14.50 ± 1.35 14.02 ± 1.18 (3) 

Cell Efferent lymp~ (3) 12.84 ± 2.91 8.35 ± 2.15 15.94 (1) 
Concentration Afferent lymph (4) 0.61 ± 0.06 0.63 ± 0.12 0.50 ± 0.10 (3) 
(x106/mi) 

! 

Lymph Efferent lymph (3) 4.77 ± 1.97 2.73 ± 1.13 1.00 (1) 
Flow 
(ml/hr) 

Afferent lymph (4) 1.73 ± 0.24 0.40 ± 0.05 ·0.42 ± 0.07 (3) 

Renal Lymph , 

(a) Protein and Cell Concen)ration . 

The results in Fig. 2( a) show &at anaesthesia and recovery from surgery had little or no effect 
on the total protein concentra~ion of efferent and afferent lymph of the renal node. In com­
mon with the 8 sheep in which popliteal lymph was collected, no change was observed in total 
protein concentration in blood plasma. 

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



70 

60 
e 
........ 50 0 
E 

r:: .co 
·o 
~ 30 
a. 
c 20 0 ..... 

10 

e 0 

........ 35 
<() 

g 25 
)( 

15 
c: 
.~ 

~ 5 

'E 
0 
u l.O c: 
0 
u 

"i 
0.5 

u 
0 

J! 
........ e 
~ 2 

~ 
...s::. 
Q. 

E 0 
~ 

!- I i I sa:uil31 

(a) Protein concentration 

p== ~ !:::::::; (1) 

I 

I 

(b) Coli concentration 

I 

~PI 
[c) Lymph flow 

229) (1) 

0 0.5 2 

Time After Cannulation [ days ) 

Anaesthesia and Lymph Formation 131 

Fig. 2. (a) The total protein concentration observed 
in afferent (o-o) and efferent (e-e) lymph of the 
renal node, together with the concentration observed 
in blood plasma (&-.A). 

(b) The leucocyte concentration observed in afferent 
(o-o) and efferent (e-e) lymph of the renal node. 

(c) The lymph flow observed in afferent (o-o) and 
efferent (e-e) lymph of the renal node. 

Samples in each case were collected under anaes­
thesia and at several times after cannulation of the 
lymphatic ducts. 

Values shown in the above 3 graphs are the means 
±standard errors (for 2 sheep). The total protein 
concentration in blood plasma is the mean of 3 
sheep and where smaller numbers of animals were 
sampled at any one point the number is shown in 
brackets next to the value. 

Anaesthesia and the trauma of surgery depressed the number of leucocytes in renal efferent 
lymph but had very little effect on afferent lymph (see Fig. 2b). The concentration of leuco­
cytes in efferent lymph reached a stable level 3 days after surgery and remained stable for as 
long as the lymph flowed (up tp 3 weeks). The leucocytes in both types of lymph were pre­
dominantly lymphocytes with some macrophages appearing in the afferent renal lymph (cf. 11). 

The flow of efferent lymph from the renal node was depressed by 30% under anaesthesia com­
pared to normal flow, however !little effect was observed on the afferent lymph flow. 

Prescapular Lymph : 

The prescapular node receives ifferent lymph from the superficial and deep tissues of the neck 
in the sheep (13). The protein boncentration, lymph flow and leucocyte concentration in the 
lymph flowing to and from thi~ node at the time of cannulation and 3 days later are shown in 
Table 3. Both afferent and eff~rent prescapular lymph had higher protein concentrations, lower 
cell concentrations and lower flow rates at the time of cannulation when compared to the 

I 

values observed 3 days later. ~ 

The changes in leucocyte concentration observed in afferent prescapular lymph in the first 3 
days were similar to those repo~ted for afferent lymph to the popliteal node. Large numbers 
of neutrophilic granulocytes were present in the lymph during the first 2 days after cannulation. 

Hepatic Afferent Lymph 

The protein concentration of afferent lymph from the liver was higher in the anaesthetised 
animal at the time of cannulation when compared to the concentration in the conscious animal 
3 days later (see Table 3). 
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Table 3. Total protein concentrations, leucocyte concentrations and lymph flow in afferent and efferent 
lymph of the prescapular node and deferent lymph from the liver observed at the time of cannulation and 
3 days later. The values shown are means ± standard errors. The number of sheep involved in each value is 
shown by the number in brackets. 1 

Anaesthetised Conscious 
Sample (immediately after (3 days after 

cannulation) cannulation) 

Protein Blood plasma (3) . 67.61 ± 1.74 67.71 ± 1.37 
Concentration Efferent prescapular (1) 47.84 44.03 
(mg/ml) Afferent prescapular (3) 49.81 ± 8.05 41.53 ± 0.76 

Afferent hepatic (1) 65.56 55.45 

Cell Efferent prescapular (1) 15.03 21.28 
Concentration Afferent preseapular (3) 0.67 ± 0.03 1.07 ± 0.22 
(x106/ml) Afferent hep*ic (1) 1.80 1.70 

Lymph Efferent prescapular (1) 7.50 9.70 
Flow Afferent prescapular (3) 0.43 ±·0.07 0.60 ± 0.15 
(ml/hr) Afferent hepatic (1) 4.00 1.90 

Effect of Anaesthesia on the WBC Counts 
The total number and type of WBC observed in venous blood collected under anaesthesia and 
in the conscious sheep is shown in Table 4. It can be seen that anaesthesia combined with sur­
gery resulted in a marked neutrophilia. The neutrophilia was short lived and by 24 hrs after 
the cannulation the differential counts had returned to ,normal in most sheep. A similar result 
has been observed during nembutal anaesthesia and surgery associated with the cannulation of 
the thoracic lymphatic duct in the dog ( 19). 

Table 4. The total number of white blood cells, neutrophilic granulocytes, lymphocytes and other cell types 
observed in venous blood samples during anaesthesia and surgery of 1 to 3 hr duration, and in the conscious 
animal. The percentage of the total WBC for each cell type is also shown. Values shown are means ± standard 
errors with the number of sheep involved in each value in brackets. 

Total white blood cells (8) (x106/m1} 
(x!06/m1) 

Conscious* 

7.44 ± 0.52 

Differential Count (6) Count (x106/ml) Percentage 
Neutrophilic granulocytes 2.20 ± 0.26 31.03 ± 2.42 

Lymphocytes 4.34 ± 0.51 60.82 ± 2.98 

Other cell types 0.53 ± 0.11 8.05 ± 2.12 

Anaesthetised 

9.03 ± 0.90 

Count (xl06/ml) Percentage 
4.07 ± 0.46 48.67 ± 3.56 

4.02 ± 0.42 48.67 ± 3.32 

0.22 ± 0.04 2.75 ± 0.47 

*In the case of conscious animals, samples were obtained either prior to anaesthesia or 3-5 days after anaes­
thesia when the animals had fully recovered. 

Discussion 

The flow and protein concentration of lymph depends upon the balance between the tissue 
and capillary hydrostatic and colloidal osmotic pressures. These parameters in turn are inevit­
ably influenced by changes in cardiac output, total peripheral resistance, and plasma and inter­
stitial fluid volumes. Barbiturates result in an increase in plasma volume and a decrease in inter­
stitial fluid volume (20, 21). Th~se changes are possibly due to a net inflow of interstitial fluid 
into the vascular system (22). The changes in fluid distribution are undoubtedly influenced by 
the decrease in blood pressure which is known to occur during both barbiturate and halothane 
anaesthesia (23). In view of thesf changes, the observed decreases in lymph flow in the sheep 
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under barbiturate and halothane anaesthesia were not unexpected. However lymph flow is also 
influenced by blood flow and biological activity in the region of drainage; thus the absence of 
movement in muscular regions and the 24 hour starvation could in part account for the changes 
in lymph flow observed in the pind leg, hepatic and intestinal lymph reported in this paper and 
by others ( 4, 3). · · 

Despite the changes in plasma volume, no changes in blood plasma protein concentrations have 
been observed with anaesthetic! agents other than chloroform (22). In accord with this observa­
tion, there were no changes in ~e totaf or individual plasma protein concentrations in the sheep 
under the barbiturate and halothane anaesthesia employed in the present study. On the other 
hand, considerable changes were observed in the protein concentrations of lymph following sur­
gical interference and recovery from anaesthesia. These changes may be due to changes in part 
in capillary permeability inducdd in the drainage area by surgical damage. This would be true 
for the popliteal and prescapulcir afferent ducts. Alternatively, or additionally, the changes 
could be due to changes in fluid migration between the vascular and interstitial pools, or hor­
monal influences association with the stress of surgery. 

It is generally accepted that the concentrations of proteins and other large molecules in lymph, 
relative to plasma, are inversely related to lymph flow, provided capillary permeability remains 
constant (24). This relationship has been shown to hold for lymph collected from muscular 
areas (reviewed in 25) and the intestine (3). White et al. (4) suggested that this relationship is 
due to absorption of fluid from the interstitial space during periods of little activity. However, 
since flow was observed to decrease in efferent and afferent lymph from several regions with­
out an increase in the protein concentration of this lymph it is unlikely that this relationship 
holds true in the anaesthetised animal. In general, the greatest changes in lymph flow were ob­
served in lymph draining regions of low priority for survival, such as tissues associated with 
movement and digestion. On the other hand, lymph flow from regions of a higher priority for 
survival, such as the kidney and liver, was much less affected by anaesthesia. 

The changes in protein concentration of the lymph appeared to be due to surgical interference 
in the region of drainage since anaesthesia alone failed to show any effect. The increases in the 
protein concentration in lymph from the afferent lymphatic ducts was greater than that ob­
served in lymph from the efferent ducts since there was generally a greater degree of surgical 
interference to the region of lymph drainage during the cannulation of the afferent ducts. 

The effect of anaesthesia and surgery on the number of leucocytes in lymph varied with the 
lymphatic duct cannulated. The overall results for efferent lymph suggested that anaesthesia 
and surgery tend to depress the number of lymphocytes in the lymph. The factors causing this 
change in lymphocyte migration could be due to either hormonal changes associated with the 
stress of anaesthesia and surgery or to inflammatory changes associated with the after effects 
of surgery. It is known that an increase in the blood levels of active adrenal cortical hormones 
occurs during surgery (27, 28) and it has been reported that corticosteroids influence lympho­
cyte migration patterns in the sheep (29) and in laboratory animals (30, 31 ). Indeed, cortico­
steroid hormones have been sh6wn to produce a transient lymphocytopenia and neutrophilia 
in the blood of cows (32) and ~significant lymphocytopenia in the lymph of sheep (30). 
These observations would tend 'to implicate the action of corticosteroids in producing the neu­
trophilia in blood and lymphocytopenia in lymph present in the sheep at the time of anaesthesia 
and surgery. 

The changes in afferent lymph yaried with the region cannulated. Renal and hepatic lymph 
showed little change in the WBC concentrations or differential counts either under anaesthesia 
or during the recovery period. Afferent lymph to the popliteal and prescapular nodes showed 
little change immediately after bannulation but the appearance of neutrophilic granulocytes in 

I 

! 
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the lymph shortly after surgery possibly points to an inflammatory state as described by Mor­
ris (26). This inflammation was uqdoubtedly associated with the surgical interference in the 
region of drainage. 

References 

1 Yoffey, J.M., F.C. Courtice: Lymphatics, Lymph­
and the Lymphomyeloid Complex. ~cademic 
Press, London and New York (1971) 177 

2 Vogel, G.: The pharmacology of th~ lymph and 
lymphatic system. In: Handbuch der Allgemeinen 
Pathologic. Springer, Berlin 3 (1972) 363 

3 Shannon, A.D., A.K.Lascelles: The intestinal and 
hepatic contributions to the flow arid composi­
tion of thoracic duct lymph in yourtg milk fed 
calves. Q.Jl exp.Physiol. 53 (1968) 194 

4 White, J. C., M.E. Field, C. K. Drinker: On the 
protein content and normal lymph flow of 
lymph from the foot of the dog. Arp.J.Physiol. 
103 (1933) 34 

5 Osogoe, B., F. C. Courtice: The effects of oc­
clusion of the blood supply to the popliteal 
lymph node of the rabbit on the protein content 
of the lymph and histology of the node. Aust.J. 
exp.Biol.med.Sci. 46 (1968) 515 

6 Roberts, J. C., F. C. Courtice: Immunoelectro­
phoretic analysis of proteins in lymph from the 
leg before and after thermal injury. Aust.J.exp. 
Biol.med.Sci. 47 (1969) 435 

7 Bach, C., P. Lewis: Lymph flow and lymph pro­
tein concentration in the skin and muscle of 
the rabbit hind limb. J.Physiol. 235 (1973) 477 

8 Beh, K.J., D.L. Watson, A. K. Lascelles: Concen­
trations of immunoglobulins and albumin in 
lymph collected from various regions of the bo­
dy of the sheep. Aust.J.exp.Biol.med.Sci. 52 
(1974) 81 

9 Quin, J. W., K.J. Beh, A.K. Lascelles: Origin of 
the various immunoglobulins in lymph from the 
popliteal lymph node of the sheep before and 
after antigen stimulation. Aust.J.expiBiol.med. 
Sci. 52 (1974) 887 · 

10 Hall, J.G., B. Morris: The output ofcells in 
lymph from the popliteal node of the sheep. 
Q.Jl exp.Physiol. 4 7 (1962) 360 

11 Mcintosh, G.H., B. Mo"is: The lymphatics of 
the kidney and formation of renal lymph. 
J.Physiol. 214 (1971) 365 

12 Lascelles, A.K., B. Mo"is: Surgical techniques 
for collection of lymph from unanaesthetised 
sheep. Q.Jl exp. Physiol. 46 (1961) 199 

13 Pedersen, N.G., B. Mo"is: The role of the lym­
phatic system in the rejection of homografts: 
A study of lymph from renal transplants. 
J.exp.Med. 131 (1970) 936 

14 Gornall, A. G., C.J. Bardawill, M.M. David: De­
termination of serum proteins by means of the 
biuret reaction. J.biol.Chem. 177 (1949) 751 

15 Courtice, F.C.: Determination of prqtein frac­
tion in small samples of plasma and lymph of 

I 

the rabbit. Aust.J.exp.Biol.med.Sci. 38 (1960) 
395 

16 Mancini, G., A.O. Carbonara, J.F. Heremans: 
- Immunochemical quantitation of antigens by 

single radial immunodiffusion. Immunochemistry 
2 (1965) 235 

17 Watson, D.L., M.R. Brandon, A.K. Lascelles: 
Concentration of immunoglobulin in mammary 
secretion of ruminants during involution with 
particular reference to selective transfer of IgG 1• 
Aust.J.exp.Biol.med.Sci. 50 (1972) 535 

18 Quin, J. W., A.D. Shannon: High concentrations 
of bilirubin in post-nodal lymph associated with 
red blood cell catabolism in lymph nodes of the 
sheep. Lymphology 8 (1975) 113 

19 Cameron, G.R., F.C. Courtice, R.P. Jones: The 
effects of ~./3'-dichlorodiethyl methylamine hydro­
chloride on the blood-forming tissues. J.Path. 
Bact. 59 (1947) 425 

20 Hamlin,. E., M.J. Gregerson: The effect of ad­
renaline, nembutal and sympathectomy on plas­
ma volume of cats. Am.J.Physiol. 125 (1939) 
713 

21 Bonnycastle, D.D.: The effects of some anaes­
thetic agents on the volume of body fluids. 
Pharmacol.Exper.Therap. 75 (1942) 1. Cited in 
Adriani, J ., see ref. 22. 

22 Adriani, J.: The Chemistry and Physics of Anaes­
thesia. 2nd Edition (1962). C.C. Thomas, U.S.A. 
Chapter 28. 

23 Stephen, C.R., D.M. Little: Halothane. Waverly 
Press Inc., U.S.A. (1961), Chapter 5. 

24 Drinker, C. K., M.E. Field: The protein content 
of mammalian lymph and the relation of lymph 
to tissue fluid. Am.J.Physiol. 97 (1931) 32 

25 Joyner, W.L., R.D. Carter, E.M. Renkin: Influ­
ence of lymph flow rate on concentrations of 
protein and dextran in dog leg lymph. Lympho­
logy 6 (1973) 181 

26 Moms, B.: The cells of lymph and their role in 
immunological reactions. In: Handbuch der All­
gemeinen Pathologic. Springer, Berlin 3 (1972) 
405 

27 Zaki, K., M.l.A. Ramadan, L.H. Fahm: Adreno­
cortical activity and plasma protein binding of 
cortisol in response to surgical trauma and anaes­
thesia (Halothan and trilene) in bilharzia! patients. 
J.trop.Med.Hyg. 75 (1972) 76 

28 Engquist, A., 0. Winther: Variations in plasma 
cortisol and blood fibrinolytic activity during 
anaesthetic and surgical stress. Brit.J.Anaesth. 
44 (1972) 1291 

29 Shannon, A.D., M.A.S. Jones: Influence of cor­
ticotrophic and corticosteroid hormones on the 
output of cells from the popliteal lymph nodes 
of the sheep. Aust.J.exp.Biol.med.Sci. 52 (1974) 
515 Permission granted for single print for individual use. 

Reproduction not permitted without permission of Journal LYMPHOLOGY.



Studies on the Im~unochemical Composition of Human Thoracic Duct Lymph 135 

30 Fauci, A.S.: Mechanisms of corticosteroid ac­
tion on lymphocyte subpopulations. I. Redistri­
bution of circulating T and B lf:mphocytes to 
the bone marrow. Immunology 28 (1975) 669 

31 Spry, C.F.J.: Inhibition of lymphocyte recircula­
tion by stress and corticotropinJ Cell.Immunol. 
4 (1972) 86 I 

32 Schalm, W., J. Lasmanis, E.J. Carroll: The use 
of synthetic corticoid in experimental coliform 
(Aerobacter aerogenes) mastitis in cattle. The 
response of leukocytes and the effect of hor­
mone induced neutrophilia. Am.J.Vet.Res. 26 
(1965) 851 

J. W. Quin, Departrrzent of Experimental Pathology, John Curtin School of Medical Research, 
The Australian National Un{yersity, P.O. Box 334, Canbe"a City, A. C. T. 2601, Australia 

Lymphology 8 (1975) 135-142 
© Georg Thieme Verlag Stuttgart 

Studies on the lmmunochemical Composition of Human Thoracic 
Duct Lymph of Patients with Rheumatoid Arthritis and Polymyositis 

Seymour Levine, David Tak Van Yu, Sheng Hsu, Herbert Machleder, 
Harold E. Paulus, Eugene V. Barnett 

Departments of Medicine and Surgery. UCLA Center for the Health Sciences, 
Los Angeles, California, U.S.A. 

Summary 

Analysis of immunoglobulins, autoantibodies and third component of complement was carried out on the 
thoracic duct lymph of 6 patients with rheumatoid arthritis and 2 patients with polymyositis. It was found 
that the distribution of these immunoproteins between lymph and serum reflected the distribution of total 
protein and did not appear to be dependent on molecular size. There was no significant difference in the 
distribution of the macromolecule lgM as compared to the other immunoglobulins. IgD was an exception 
with an unanticipated and unexplained lower concentration in lymph and higher serum to lymph ratio when 
compared to the other immunoglobulins. 

Introduction 

Lymphocytes are thought to play an important role in the pathogenesis of autoimmune dis­
ease. We have studied the effects of lymphocyte depletion by thoracic duct drainage (TDD) in 
patients with rheumatoid arthritis and have found that such patients undergo significant clinical 
improvement during prolonged continuous removal of thoracic duct lymphocytes through a sur­
gical fistula (1). Immunoprote~ns such as immunoglobulins, autoantibodies and complement are 
also thought to play a role in the pathogenesis of autoimmune diseases. 

Some studies of immunoprotein levels in the central lymph of humans have been previously 
published although nearly all in patients with non-rheumatic disease. Dumont and co-workers 
(2) showed that initial gammai globulin levels in lymph were about one half that in serum and 
declined from five to ten fold1in 10 patients who underwent lymph depletion by TDD for up 
to 8 days with no reinfusion of lymph. Total protein and gamma globulin levels declined in both 
serum and lymph in these pat~ents, with serum gamma globulin levels falling to less than one 
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