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Summary 

The mechanism behind the dose-related increase in 
thoracic duct lymph flow (TDLF) produced by an 
injection of calcium gluconate was investigated in 
parathyroidectomized dogs divided into groups 
composed of three animals each. After skeletal 
muscle paralysis was induced by succinylcholine 
chloride, calcium produced a highly significant rise 
in TDLF (P < 0.001). This rules out skeletal muscle 
contractility as a factor in the response to calcium. 
Blocking the parasympathetic system with atropine 
also failed to inhibit the TDLF response to calcium. 

Levarterenol augmented both TDLF and aortic blood 
pressure (ABP) while the fall in ABP produced by 
Isoproterenol was accompanied by a rise in TDLF. 
Sympathetic inhibition attempted by a combination 
of adrenalectomy , reserpinization, phenoxybenzamine 
hydrochloride and propanolol significantly diminished 
TDLF after calcium (P < 0.001) . An infusion of 
angiotensin completely abolished TDLF, probably 
by precapillary vasoconstriction. While angiotensin 
was still being infused, calcium significantly increased 
TDLF (P < 0.001). Papaverine was the only drug 
able to completely block the action of calcium on 
TDLF. These experiments suggest that lymph pro­
pulsion changes after calcium may be due to the ac­
tion of this ion on the lymphatic channel wall. 

We have reported that the intravenous. injec­
tion of calcium gluconate is followed by a 
dose-related , highly significant increase in Tho­
racic Duct Lymph Flow (TDLF) (3). During 
those experiments, Aortic Blood Pressure 
(ABP) increased synchronously with the in­
crease in TDLF. This reproducible effect of 
calcium on both TDLF and ABP provided us 
with means to analyze several factors involved 
in the physiology of lymph flow. 

Lymph flow can be varied by changes in the 
capillary filtration rate, skeletal muscle activity, 

and the contractility of smooth muscle intrin­
sic or extrinsic to the lymphatic channel wall. 
1l1is series of experiments was performed in 
order to clarify the role that some of these 
mechanisms have in lymph propulsion , utilizing 
as a model the above mentioned response to a 
rise in serum Ca. One of our problems was to 
establish the significance of the associated rise 
in ABP, because it could , by itself, alter the 
capillary circulation, an event of significant 
inlportance in lymph production. 

During these experiments, we observed that 
the action of calcium on TDLF and ABP took 
place in spite of a significant degree of skeletal 
muscle paralysis and sympathetic as well as 
parasympathetic inhibition. It also occurred in 
the presence of arterial hypertension produced 
by an angiotensin infusion. The rise in TDLF 
and ABP after calcium was maximally inhibited 
by papaverine, suggesting that the action of 
Ca is secondary to the con traction of the 
smooth muscle present in the lymphatic vessel 
wall. 

Methods 

Adult mongrel dogs of both sexes were utilized 
throughout the experiments. They were fed a 
regular chow and were allowed to drink tap 
water ad lib . Animals were parathyroidectom­
ized through a transverse neck incision in order 
to allow us to raise the serum calcium without 
reaching hypercalcemic levels. The degree of 
parathyroid ablation was assessed by the sub­
sequent fall in serum calcium. Postoperatively , 
milk was added ad lib to their diet to mini­
mize tetany and muscle weakness which often 
leads to pneumonia. 
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Three days after the parathyroidectomy and 
after fasting for 12 hours , dogs were anesthe­
tized with increasing doses of intravenous 
pentobarbital until spontaneous respiration 
was suppressed . They were then intubated 
with a cuffed endotracheal tube which was 
connected to an automatic pressure triggered 
respirator (Byrd) . This apparatus was set at a 
respiratory rate of 45 respirations per minute 
in order to mimic the panting type of rhythm 
common to the canine species. A maximum 
inspiratory pressure of ten centimeters of 
water was delivered per cycle. Additional doses 
of pentobarbital were utilized thereafter to 
maintain this status for the entire duration of 
the experiment. 

Through a right groin incision , the right femo­
ral artery and vein were cannulated with poly­
ethylene catheters which were advanced to the 
inferior vena cava and abdominal aorta, re­
spectively . Pressures were amplified with trans­
ducers and recorded. The thoracic duct was 
exposed on the left side of the neck at its 
junction with the subclavian vein , and ligated . 
A polyethylene catheter of approximately the 
same diameter as the thoracic duct was in­
serted and the lymph was allowed to drain by 
gravity in to tubes placed in a fraction collec­
tor. The distance between the thoracic duct 
and the end of the tube was maintained con­
stant in every experiment to standardize the 
negative pressure created by the column of 
lymph. The tubes in the fraction collector 
were advanced every five minutes. One tenth 
of a milliliter of a solution containing 200 
units of sodium heparin in 50 ml of normal 
saline was added to each tube to prevent clot­
ting. Lymph was reinjected intravenously after 
its volume had been measured and an aliquot 
was removed for calcium determination. Lymph 
flow was expressed as ml of lymph per kg of 
body weight per minute. Lymph and venous 
blood serum calcium were measured by atomic 
absorption spectrophotometry at regular inter­
vals (1 0). 

After a control period of 15 minutes during 
which lymphatic flow (LF) and aorti c blood 
pressure (ABP) were found to be stable , the 
drugs were injected in the highest concen tra-

tions possible to minimize blood volume 
changes . This produced changes in TDLF which 
lasted a few minutes ; TDLF then returned to 
a new stable baseline. When this level of TDLF 
was reached , calcium was added . Changes in 
ABP and TDLF were recorded at intervals for 
an additional 60 minutes . Changes in TDLF 
produced by calcium were referred to the con­
trol TDLF baseline and not to the TDLF 
change produced by the drugs. If the TDLF 
baseline was not found to be steady , after the 
onset of the experiment, or after the injection 
of the tested drugs , d1e experiment was dis­
continued . 

The drugs utilized were injected in the follow­
ing concentrations: Ca, in a bolus dose of 10% 
Ca gluconate, delivering 125 mm of Ca kg/B /W; 
Atropine sulfate , 0 .2 mg/kg/ B/W in a single 
intravenous dose ; L tubocurarine chloride , 
0 .53 mg/kg/ B/W divided in to three intravenous 
doses at 10-minute intervals to minimize hypo­
tension ; Succinylcholine chloride , 0.2 mg/kg/ 
B/W per minute dissolved in I 0 ml of normal 
saline , delivered intravenously. Another group 
of 3 parathyroidectomized dogs , af ter a steady 
control TDLF baseline was obtained , received 
two separate doses of 4 .5 micrograms of Leva­
arterenol i.v. Later , when the TDLF returned 
to control values , 20 micrograms of Isopro­
terenol were added to the infusion. The follow­
ing doses were administered to the animals re­
ceiving the drug mixture : Phenoxybenzamine 
chloride , 4 mg/kg/B/W in a single intravenous 
dose : Propanolol , 1 mg/kg/B/W in a single in ­
travenous dose ; Reserpine , three doses of 2.5 
mg/kg/B/W delivered intramuscularly 24 hours 
apart. This last dose was given one hour before 
the onset of the experiment. In this group , 
animals were adrenalectomized via a laparotom~ 
two hours prior to the injection of calcium. 
After adrenalectomy , they received i.v. phen­
oxybenzamine chloride , i.v. propanolol , and 
the last dose of i.m. reserpine (the doses re­
ferred to above). 

Angiotensin was delivered dissolved in I 0 ml 
of normal saline at a concentration of 20 mg/ 
minute to maintain a mean ABP above 155 
mm of mercury . 
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Papaverine was injected in a single intravenous 
dose of 25 mg/kg/B/W 15 minutes prior to 
the Ca injection. 

Every drug or group of drugs was tested on a 
group of 3 dogs who were exposed to one 
protocol only . 

In a group of 5 control parathyroidectomized 
dogs , normal saline solution was injected in­
travenously in volumes equal to those calcu­
lated for calcium gluconate. 

Animals did not receive any other fluids ex­
cept the pharmacological agent tested. 

The results are expressed as the mean of 3 
values ± standard deviation (S.D.) and analyzed 
using a paired t test for difference in means. 

R esults 

The amount of milk consumed after parathy­
roidectomy varied from animal to animal and 
did not substantially alter the control serum 
calcium levels which fell , as expected, after 
parathyroidectomy. Milk apparen tty prevented 
the expected deterioration. 

Lee White clooting times and partial thrombo­
plastin times were found to be normal in the 
serum of these animals during and after the 
experiments. The intravenous injection of nor­
mal saline in volumes equal to those calculated 
for calcium gluconate did not alter the TDLF 
or ASP. 

The summary of our results is depicted in 
Table 1. Parathyroidectomy lowered the se­
rum Ca from a mean control of 9.8 ± 0.4 
mg% to a mean of 6.6 mg% ± 0.9 mg% and 
lymph Ca from 7.8 ± 1.2 to 5.1 ± 0.9 mg%. 
The control lymph flow after parathyroidec­
tomy was 0.025 ml ± 0.003 ml /kg/B/W per 
minute. In the control group receiving only 
Ca gluconate , the injection of Ca raised this 
flow to 0.065 ± 0.003 ml/kg/B/W per minute 
(P < 0.001). 

Curare , if injected in one dose , produced in 
several animals severe systolic and diastolic 
hypotension which was then followed by car­
diac arrest. It was injected thereafter in di­
vided doses which minimized the hypotension . 
Curare lowered the TDLF from 0.025 ± 0.003 

to 0.016 ± 0.002 ml /kg/8 /W per minute. When 
Ca was injected after Curare, TDLF increased 
from 0.025 ± 0.003 to 0.050 ± 0.002 ml per 
minute (P < 0.001) , while the ABP remained 
stable (Figure I). Succinycholine chloride re­
duced both TDLF and ABP. In animals totally 
paralyzed by this drug, Ca was able to increase 
TDLF from 0.030 ± 0.001 to 0.130 ± 0.001 
ml/kg/B/W per minute (P < 0.001), while ABP 
rose from 125 ± 7 to 135 ± 4 mg (P < 0.005). 

Atropine increased TDLF and ABP from the 
control values. In this group, Ca furt11er altered 
both parameters from a control of 0.016 ± 
0.001 to 0.125 ± 0.002 ml/kg/B/W per minute 
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Fig . 1 Diagrammatic representation of variations in aor­
tic blood pressure and thoracic duct lymph flow pro­
duced by L-tubocurarine chloride and succinylcholine 
chloride before and after the injection of calc ium glu­
conate. Values represent the mean of 3 experiments ± 
S.D. The control group received calcium gluconate only 
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Fig. 2 Diagrammatic representation of variations 
produced by atropine in aortic blood pressure and 
lymph flow before and after the injection of calci­
um. Points represent the mean of 3 experiments ± 
S.D. The control group received calcium gluconate 
only 

(P < 0.001) and ABP from 98 ± 4 to 110 ± 6 
mm Hg (P < 0.05) , (Figure 2) . 

The injection of Levoarterenol produced a 
rise in ABP and in TDLF. Isoproterenol pro­
duced a fall in ABP accompanied by a signi­
ficant rise in TDLF. Phenoxybenzamine pro­
duced a fall in TDLF and ABP. Calcium aug­
mented TDLF from 0.030 ± 0 .003 to 0.075 ± 
0.002 ml /kg/B/W per minute (P < 0.001). Its 
effect on ABP was non-significant (P < 0.05) . 
A very similar response was elicited by pro­
panolol , which lowered TDLF and ABP. After 
propanolol , Ca increased TDLF from 0 .040 ± 
0.002 to 0.090 ± 0.003 (P < 0.001 ). ABP did 
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Fig. 3 Diagrammatic representation of changes pro­
duced by propanolol, phenoxybenzamine hydrochlo­
ride, and the combination of adrenalectomy, reserpi ­
nization, propanolol and phenoxybenzamine before 
and after the injection of calcium. Points represent 
the mean of 3 experiments ± S.D. Control values can 
be compared from previous figures 

not change significantly (P < 0.05). In the 
group of adrenalectomized dogs , phenoxybenz­
amine , Propanolol and Reserpine did not change 
control TDLF values , although ABP was low­
ered minimally. After Ca , TDLF increased 
from 0.025 ± 0.003 to 0.058 ml /kg/B/W per 
minute (P < 0.001) , while ABP remained vir­
tually unchanged (Figure 3). 

The angiotensin infusion was adjusted to main­
tain ABP at 155 ± 9 mm Hg. This was followed 
by a complete cessation of TDLF. Ca added 
while angiotensin was being infused rapidly 
produced a high TDLF and further augmented 
the ABP (Figure 4). 

Ln intact as well as in parathyroidectomized 
dogs , papaverine produced non-significant 
changes in TDLF and ABP (Figure 5). 
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Fig. 4 Diagrammatic representation of changes pro­
duced by an infusion of angiotensin in aortic blood 
pressure and lymphatic flow before and after the in­
jection of calcium. Points represent the mean of 3 
experiments ± S.D. Control values can be compared 
from previous figures 
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Fig. 5 Diagrammatic representation of variations 
produced by the injection of papaverine in aortic 
blood pressure and lymph flow before and after the 
injection of calcium in intact and PTX dogs. Points 
represent the mean of 3 experiments ± S.D. Control 
values can be compared from previous figures 
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Fig. 6 Diagrammatic representation 
of the effect of Levarterenol and 
isoproterenol on TDLF and ABP in 
a group of 3 previously parathyroid­
ectomized dogs. Points represent the 
mean of 3 experiments ± S.D. 

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



Thoracic Duct Lymph Flow Changes Secondary to Alterations in Serum Ca Levels 7 

Discussion 

In spite of extensive studies performed on the 
mechanisms of lymph transport , it is still a 
matter of speculation whether lymph is pro­
pelled by skeletal muscle activity or by the 
active con traction of the lymphatic wall or 
by both (6 , Hall, 1969). Clarification of these 
areas should help us to understand the role 
that TDLF plays in the replenishment of the 
vascular compartment during septic and hem­
orrhagic shock, as it has been reported that, 
under those conditions , TDLF becomes an 
important source of volume , electrolytes and 
protein (2). 

In our experimental design , it was not possible 
to establish the exact time relationship be­
tween the rise in ABP and that of TDLF sec­
ondary to the injection of Ca. We measured 
ABP at its immediate source , the aortic lumen , 
but we do not know if the lymph flow re­
corded at the DLF level reflects in time the 
onset of changes occurring at the end-capillary 
lymphatic. The inertia of the system was, 
therefore , an unknown factor. 

In order to reduce the possibilities that our 
Ca injections would produce hypercalcemia , 
the animals were parathyroidectomized , thus 
keeping the serum Ca levels within the nor­
mocalcemic range after the Ca injection. The 
effect of Ca on TDLF is almost identical in 
intact and parathyroidectomized dogs (3) . In 
some dogs , serum Ca reached 12 mg% after the 
Ca was injected. This is considered the upper 
limit in the dog (7) . 

All drugs tested , including calcium , have an 
effect on TDLF of no more than 15 minutes. 
Thus, after the baseline had returned to con­
trol values , we injected calcium. Thereafter , 
the effect of Ca on TDLF and ABP was com­
pared with the original TDLF and ABP base­
line as recorded before any drug was tested . 

Changes in serum Ca can alter the contractibi­
lity of the skeletal muscle system (8) . These 
contractions are known to change TDLF by 
acting as peripheral pumps, compressing ves­
sels in which the flow of lymph is governed 
by a competent unidirectional valve system 
(1) . In our experiments , skeletal muscle para­
lysis produced by curare or succinylcholine 

chloride failed to prevent the TDLF and ABP 
increases secondary to the injection of Ca. This 
ruled out the possibility that Ca may increase 
TDLF by augmenting the contractibility of the 
skeletal muscle system. 

Atropinization produced significant increases 
in TDLF , accompanied by a non-significant 
rise in ABP. In this group of animals , Ca pro­
duced a vigorous TDLF response and a modest 
increase in ABP, suggesting that atropine , by 
blocking the parasympathetic system, may al­
low the sympathetic mechanism to freely react 
to Ca. This group of dogs started with a lower 
control TDLF . 

Calcium can elecit a catecholamine discharge 
from the adrenal glands , augmenting ABP (4) . 
If we postulate that such rise in ABP is not 
followed by a restriction in capillary blood 
flow , then an increasing capillary ftl tra tion 
should be expected, augmenting TDLF. How­
ever, if this is followed by an increase in pre­
capillary resistance , capillary ftltration will de­
cline , as will perhaps, lymph flow. In our ex­
periments , a rise in ABP produced by leva­
arterenol was accompanied by augmentation in 
TDLF. In contrast , the arterial hypotension 
which followed the injection of isoproterenol 
was accompanied by a rise in TDLF. In an at­
tempt to inhibit the action of calcium on the 
sympathetic system, we utilized phenoxybenz­
amine and propanolol, both post ganglionic 
alpha and beta blockers . These drugs reduced 
the TDLF response to calcium. The action of 
Ca on TDLF and ABP was further inhibited 
by the combination of Phenoxybenzamine , 
Propanolol , Reserphine and adrenalectomy. 

We observed that , af ter atropinization, Ca pro­
duced a marked increase in TDLF . This sug­
gested that such parasympathetic inhibition 
may have allowed for a more unrestricted sym­
pathetic response . This is supported by the ob­
servation that , in adrenalectomized animals 
receiving Alpha and Beta blocking, the action 
of Ca on TDLF and ABP was diminished. 
Later , we attempted to separate the rise in 
ABP from that of TDLF by maximally aug­
menting ABP with the angiotensin infusion. 
This was accompanied by a stoppage of TDLF. 
We interpreted this to be secondary to pre­
capillary vasoconstriction , lowering the capil-

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



8 Maximo Deysine, Milan Mader 

lary blood pressure and significantly reducing 
capillary filtration. While angiotensin was still 
being infused, Ca was able to override its ef­
fects, further raising ABP and producing a 
marked TDLF increase. So we have to postu­
late that, either Ca had a lymphoconstricting 
action, or that angiotensin may cause lym­
phatic spasm which was relieved by Ca. In 
order to investigate if Ca acted by contracting 
the smooth muscle present in the lymphatic 
vessel wall (6) , it became necessary to use an 
agent which could block the action of Ca on 
such muscle. Tomiyama et al. (9) demonstrated 
that papaverine inhibits the action of Ca on 
KCl depolarized tenia coli muscles of the 
guinea pig and that papaverine also repressed 
4SCa uptake by this preparation. They con­
cluded that papaverine may impair the availa­
bility of Ca to the contractile system (9). 

In our hands , papaverine was able to prevent 
a rise in TDLF after Ca injection. The fall in 
ABP produced by papaverine alone was ac­
companied by a modest increase in TDLF, 
possibly the effect of an augmented blood 
capillary perfusion secondary to the vasodilat­
ing effect of papaverine. 

These experiments suggest that Ca increases 
TDLF by the combination of several actions . 
The most significant may be the contraction 
of the muscle present in the lymphatic chan­
nel wall. Associated with this , there seems to 
exist some degree of sympathetic system po-

ten tiation which may produce the rise in 
TDLF by an increase in the pressure at the 
arterial side of the capillary bed. 
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