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Abstract. The effects of HI and H, receptor antagonists on histamine-induced increase in 
microvascular protein transport was examined in the dog forelimb and horse digit. Local 
intraarterial infusion of histamine (4 pglmin of the base) produces marked increases in lymph 
flow, lymph protein concentration, and the estimated permeability -surface area (PS) ratio 
in both the limb and digit (3). These increases were completely prevented in the horse digit 
by local administration of the H, antagonist, tripelennamine, and in the dog forelimb by the 
HI antagonist, diphenhydramine. In contrast, cimetidine or metiamide, H2 antagonists, 
failed to greatly alter histamine-induced increases in lymph flow, lymph protein concentra- 
tion, and PS ratios in the horse digit. Metiamide, except at an extremely high dose (1 
mglmin), also failed to alter the histamine-induced increases in canine forelimb lymph flow, 
lymph protein concentration, and PS ratio. It is concluded that local infusion of histamine to 
the skin vasculature increases protein transport predominantly via interaction with an HI 
receptor. 

Local intraarterial infusion of histamine 
into skin and skeletal muscle vascular beds 
produces marked edema (1 -4). This edema 
is partly attributable to a rise in capillary 
hydrostatic pressure subsequent to a de- 
crease in precapillary resistance (1, 5, 6), 
but, more importantly, the edema is due to 
an increase in microvascular protein trans- 
port with a resultant increase in interstitial 
protein concentration (1 ,3 ,7 ) .  The vascular 
as well as edemagenic properties of his- 
tamine have been classically attributed to 
actions of histamine on H, receptors. Little 
attention has been given the possibility that 
H, receptors are involved in the response. 
In the present study we attempted to de- 
lineate more precisely the histamine re- 
ceptor(s) involved in the increased protein 
transport produced by local histamine ad- 
ministration by employing several H, and 
H, antagonists in the dog forelimb and 
horse digit. 

Materials and Methods. Canine fore- 
limb. Thirty-eight dogs weighing approxi- 
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mately 18-20 kg were anesthetized with 
sodium pentobarbital (30 mg/kg). Ventila- 
tion was maintained via a cuffed endo- 
tracheal tube connected to a Harvard respir- 
ator. Cutaneous incisions were made in 
the neck over the jugular furrow, in the 
right hindleg over the femoral artery, and in 
the right forelimb over the brachial artery, 
cephalic vein, and second dorsal metacar- 
pal vein. The carotid artery, a side branch 
of the brachial artery, and the second 
metacarpal vein were isolated and cannu- 
lated for pressure measurements. All 
studies were done under constant flow con- 
ditions. Following administration of hepa- 
rin (10,000 units intravenously) an ex- 
tracorporeal circuit containing a blood 
pump was interposed between the femoral 
artery and the cannulated distal portion of 
the brachial artery. Two or three lymph 
vessels in the area of the cephalic vein were 
tied and one was cannulated with a length 
of PE 10 tubing. Lymph was collected dur- 
ing timed intervals in small graduated cyl- 
inders. Following collection the cylinders 
were sealed and frozen until protein deter- 
minations were performed. Drug infusions 
were made into the cannula of the brachial 
artery or into the jugular vein using a Har- 
vard infusion pump. 

In the first series of experiments, his- 
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tamine base (4 pg/min) was infused over a 
60-min period. Vascular pressures were 
continuously measured during this period 
and six 10-min lymph samples were col- 
lected. 

In the second series of experiments,  
either metiamide (250 pg/min or  1 mg/min) 
or  diphenhydramine (100 pg/min or  1 mg/ 
min) was infused locally into the brachial 
artery for 70 min. Histamine (4 p g  base/ 
min) was infused into the same artery be- 
ginning 10 rnin after institution of the block- 
ers and continued for 60 min. Measure- 
ments of systemic arterial pressure, per- 
fusion pressure, and small vein pressure 
were taken every 10 min. The total protein 
concentration in lymph and blood were 
measured spec tropho tome trically (Beck- 
man DB spectrophotometer) by the meth- 
od of Waddell (8). 

Isolated equine digit.  Thirteen ponies 
were anesthetized with thiamylal sodium 
(10 mg/kg body wt) given intravenously and 
anesthesia was maintained with sodium 
pentobarbital. All animals were ventilated 
with an air-oxygen mixture with ventila- 
tion adjusted to maintain Pacoz between 35 
and 45 mm Hg. The medial palmar artery, 
medial palmar vein, medial and lateral pal- 
mar nerves, and a lymphatic were isolated 
in the midmetacarpal region of the right 
forelimb. Remaining soft tissue was tran- 
sected and an occlusive clamp was placed 
around the metacarpal bone. Heparin (500 
units/kg body wt) was administered to pre- 
vent coagulation. A loop of polyethylene 
and latex tubing was interposed in the ar- 
tery for infusion of drugs and measurement 
of arterial pressure. The vein was tran- 
sected and a polyethylene cannula inserted 
into the distal portion so that venous out- 
flow could be measured by timed collec- 
tions in a graduated cylinder. Venous out- 
flow was returned to the horse from a re- 
servoir using a finger type blood pump. 
Small vein pressure was measured in the 
venous plexus at  the junction of the hoof 
and the skin. The previously isolated lym- 
phatic was cannulated with polyethylene 
tubing (P.E 10) and lymph collected and 
handled as described for the dog forelimb. 
The digital preparation has been described 
in detail in previous manuscripts (3, 4, 6). 

In all ponies two 10-min control lymph 
samples were collected during which time 
digital blood flow was measured several 
times. Average blood flows and pressures 
over  each 10-min period are  reported.  
Blocking agents  were  then infused in- 
traarterially for 20 min and histamine (4 
pg/min histamine base) with the blocking 
agent for an additional 30 min. Lymph sam- 
ples were collected and blood flows mea- 
sured throughout the infusions. Total pro- 
tein concentration was determined in blood 
samples drawn at  the end of each period. 
Tripelennamine (an HI antagonist), 250 
pglrnin, was given intraarterially to the digit 
of  f ive ponies ,  metiamide (an H 2  an-  
tagonist), 250 pg/min, to five ponies, and 
cimetidine (an H, antagonist), 250 puglmin, 
to three ponies. 

Treatment of data. In all experiments, a 
steady state was reached after 10 rnin of 
blocker infusion and after 30 min of blocker 
and histamine infusion. Data collected at 
these times were used t o  calculate the 
lymph to plasma protein concentration ratio 
R. An index of permeability-surface area 
product was then estimated by the formu- 
la (9, 10). 

LR PS =- 
1 - R ’  

where L is the total lymph flow. Assuming 
the effects of antagonist and histamine are 
proportional on all the vasculature, the sin- 
gle lymph flow 1 will be proportional to the 
total lymph flow, thus 

L = Kl 

Where the proportionality constant K may 
vary for different lymphatic networks.  
However, for the same network, the PS 
values of the two states may be compared 
by the ratio 

All data from both species were analyzed 
by an analysis of variance randomized 
complete block design. Student -New- 
man- Keuls procedure evaluated differ- 
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ences between individual treatment effects. 
The level of significance was chosen as 
P < 0.05. 

Results. Intraarterial infusion of his- 
tamine (4 puglmin) into the constantly per- 
fused dog forelimb did not affect systemic 
blood pressure or skin small vein pressure 
but produced a significant fall in limb perfu- 
sion pressure (Table I). This is consistent 
with the concept that the drug alters resis- 
tance to flow mainly by dilating precapillary 
blood vessels. Following 10 min of his- 
tamine there were marked increases in 
lymph flow rate and lymph protein concen- 
tration. Both remained elevated throughout 
the subsequent 50 min of histamine infu- 
sion. Using the lymph flow and protein 
concentration data shown in Table I and the 
mean plasma protein concentration of 5.92 
g% we calculated the ratio of estimated PS 
value of histamine to control to be 23. This 
indicates a large increase in permeability 
and/or surface area. 

The effects of HI and H, blockade on the 
response of the canine forelimb to his- 
tamine are presented in Table 11. Neither 
the blockers alone nor the blockers in com- 
bination with histamine altered aortic pres- 
sure or skin small vein pressure. However, 
during metiamide (250 pglmin) or diphen- 
hydramine (100 pg/min) histamine de- 
creased perfusion pressure. This response 
was not seen during the higher dose of 
either blocker. Neither antagonist, at any 
dose employed, produced regular changes 
in limb perfusion pressure. 

It is also evident from Table I1 that the 
blockers per se had no effect on lymph flow 
or lymph protein Concentration. Moreover 
histarnine did not affect lymph flow or  
lymph protein concentration during either 
the high or low dose of diphenhydramine. 
The PS ratio of histamine plus diphenhydr- 
amine to control was 0.99 for the low dose 
and 1.30 for the high dose of the blocker. 
Similarly, during the high dose of meti- 
amide ( 1  mg/min) histamine failed to in- 
crease lymph flow or lymph protein concen- 
tration. The PS ratio was 0.803. In contrast, 
during inetiamide (250 puglmin) histamine 
produced large increases in lymph flow 
and lymph protein concentration. The cor- 
responding PS ratio was 54. 

The response of the horse digit to his- 
tamine in the presence HI or H, blockers is 
seen in Table 111. Digital blood flow was not 
significantly affected by any of the blockers 
alone or by histamine in the presence of the 
blockers. However, during tripelannamine 
and histamine, digital blood flow decreased 
in three and increased in two preparations 
while during the combination of histamine 
and metiamide blood flow increased in four 
and decreased in one. During the his- 
tamine -cimetidine infusion blood flow in- 
creased in all three digits studied. Intraarte- 
rial infusion of histamine alone (4 pglmin) 
to the equine digit produces an increase in 
blood flow (4). 

During tripelennamine alone or  during 
tripelennamine plus histamine there were 
no significant changes in lymph flow or 
lymph protein concentration. The PS ratio 
for blocker plus histamine to control was 
1.4. In contrast, during infusion of either 
metiamide or cimetidine, a local intraarte- 
rial infusion of histamine caused marked in- 
creases in lymph flow and lymph protein 
concentration. The PS ratio during meti- 
amide and histamine was 43 and during 
cimetidine and histamine it was 9.1. The 
magnitude of the increases in lymph flow 
and protein concentrations are similar to 
those produced by histamine alone in this 
preparation (3, 4). 

Discussion. In the present study, the in- 
creases in lymph flow, lymph protein con- 
centration and estimated PS value pro- 
duced by histamine were almost completely 
prevented by local administration of the HI 
antagonists tripelennamine (250 puglmin) in 
the horse or diphenhydramine (100 pg/min 
or 1 muglmin) in the dog. In contrast, in the 
horse local administration of the H, an- 
tagonists, cimetidine (250 pglmin), o r  
metiamide (250 puglmin) failed to prevent 
large increases in lymph flow, lymph pro- 
tein concentration, and PS ratio during 
histamine. The estimated PS ratio increased 
by 43 times during histamine and metiamide 
and 9 times during histamine and cimeti- 
dine. It should be kept in mind that when 
the PS ratio is high the actual increase in 
PS value may be much less than that es- 
timated by Eq [ 11, since the formula ignores 
bulk flow effects which might be consider- 
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able at high lymph flow rates. Nevertheless 
Eq. [2] serves as a qualitative indicator for 
changes in the permeability-area product 
since Eq. [2] incorporates changes in both 
lymph flow and lymph to plasma concen- 
tration ratios. Although neither drug at the 
low dose could be considered an effective 
antagonist, it would appear that cimetidine 
is slightly more effective than metiamide in 
blocking the permeability effects produced 
by histamine. In this regard, it has previ- 
ously been reported that cimetidine may 
have H, antagonistic properties (11) and 
this may account for the difference. In the 
dog forelimb, the H, blocker metiamide 
(250 pglmin) also failed to block the his- 
tamine induced increases in lymph flow, 
lymph protein concentration, and PS. 
However, infusion of the agent at 1 mglmin 
eliminated all increases. The finding that 
the histamine-induced increase in micro- 
vascular protein transport can be blocked 
by a high but not a moderate dose of 
metiamide suggests that this drug also pos- 
sesses some H, antagonistic properties or 
that an extremely high dose of a H, an- 
tagonist can partially block the effect of 
histamine to increase permeability. 

Bhargava et al'. (12) have recently re- 
ported that the histamine-induced increase 
in capillary permeability of peritoneal blood 
vessels of mice could be blocked with an H, 
receptor antagonist, mepyramine, but not 
with burimamide, an H2 receptor antag- 
onist. Further, a combination of mepyr- 
amine and burimamide did not offer any 
greater protection than mepyramine alone. 
These authors concluded that histamine 
increases capillary permeability through 
interaction with an H, receptor. In con- 
trast, Dabney e? al. (13) and Dobbins e? al. 
(14) reported that cimetidine or mepyr- 
amine, respectively, blocks the increase 
in lymph flow and protein transport pro- 
duced by low doses of histamine in the 
dog forelimb. These investigators inter- 
preted their preliminary data to mean that 
both H, and H, receptors are involved in 
the permeability alterations induced by 
histamine. In light of the present study and 
the study of Bhargava et  a l .  (12),  an  
alternative explanation is that the H, antag- 
onistic properties of cimetidine were re- 

sponsible for blockade of the permeabil- 
ity effects produced by the low histamine 
dosage. Also it has recently been reported 
that a wide variety of unrelated agents will 
interfere with the action of histamine to in- 
crease protein efflux through an action in- 
dependent of receptor blockade (15). 

Results of the present study support pre- 
vious investigations which suggest that the 
vasodilator effects produced by local 
administration of histamine in dog (16, 17) 
and sheep (18) result from activation of 
both H, and H, receptors. While small 
doses of H, and H, antagonists failed to 
block histamine-induced vasodilation in the 
dog, high doses of both metiamide and di- 
phenhydramine prevented the histamine- 
induced fall in perfusion pressure in this 
constant flow preparation. In the horse, the 
changes in blood flow resulting from infu- 
sion of histamine with the antagonists are 
statistically inconclusive. However, ex- 
amination of individual animal data sug- 
gests tripelennamine more consistently 
blocked the vasodilator action of histamine 
than did metiamide or cimetidine. Thus, as 
suggested by others, the HI receptor may 
be most prominent in the vasodilator re- 
sponse. In this regard, the blockade of 
vasodilation by a high dose of metiamide in 
the dog may be due to significant H, antag- 
onistic properties of this agent. 

It is interesting to note that the dosage of 
H, blocker (100 pglmin) which prevented 
the histamine-induced increase in protein 
transport in the dog, failed to prevent vaso- 
dilation suggesting that the HI receptors 
mediating protein transfer are more sensi- 
tive that the H, receptors mediating vaso- 
dilation. 
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