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Inhibition of aortic histamine synthesis by  -hydrazinohistidine inhibits 
increased aortic albumin accumulation in experimental diabetes in the rat 
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Summary. We examined the interrelationship between inhi- 
bition of aortic histamine synthesis through inhibition of aor- 
tic hisfidine decarboxylase and intra-aortic albumin accumu- 
lation in rats made diabetic by a jugular vein injection of 
60 mg/kg of streptozotocin under ether anesthesia. Animals 
were held for 4 weeks following overt manifestation of diabe- 
tes. At the end of 3 weeks, at least six animals in each of the 
diabetic and non-diabetic groups received intra-peritoneal in- 
jections of a-hydrazinohistidine (25 mg/kg at 12 h) for the last 
7days. Aortic albumin accumulation was measured by 
quantification of aortic uptake of fluorescein isothiocyanate 
conjugated to rat serum albumin injected in the jugular vein 
1 h before sacrifice. The aortic albumin mass transfer and flux 
rates of the diabetic group were more than 300% higher than 
that of the control group; a-hydrazinohistidine treated dia- 

betic rats had aortic albumin mass transfer rates equivalent to 
control values. The aortic filbumin content was nearly tenfold 
higher in untreated diabetic rats, but again treatment with a- 
hydrazinohistidine returned this to control values. These data 
offer strong support to the premise that accelerated aortic his- 
tamine synthesis, which occurs in experimental diabetes, is an 
important mediator of increased aortic macromolecule up- 
take, and as such, may be one component of the multitude of 
factors responsible for increased susceptibility of atheroscler- 
osis among individuals having diabetes mellitus. 

Key words: Diabetes, histamine synthesis, aortic albumin ac- 
cumulation, aortic permeability, atherosclerosis, atherogene- 
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From epidemiological studies it is now well established 
that diabetes is one important  risk factor of  atheroscle- 
rotic vascular disease [1-5]. Diabetic subjects show 
more  advanced atherosclerosis and have more severe 
atherosclerosis at any given age than their non-diabetic 
counterparts;  vascular complications of  atherosclerosis 
are the principle event responsible for  increased diabet- 
ic mortality [2-6]. 

The interrelationship between diabetes and athero- 
sclerosis is poorly understood.  In part  this stems from a 
basic lack o f  understanding of  the mechanisms of  ather- 
ogenesis; equally important,  however, is the lack of  
studies directed towards examinat ion of  changes in ar- 
terial wall metabolism which are atherogenic and which 
are exaccerbated in diabetes mellitus. 

Our laboratory has been examining the possibility 
that increased arterial wall histamine synthesis may me- 
diate increased endothelial  permeabili ty to macromole-  
cules in diabetes as well in other atherogenic states such 
as hypercholesteremia.  For  example,  we have recently 
reported in experimental  diabetes that both aortic endo- 
thelial and smooth muscle histamine synthesis are in- 
creased, histamine catabolism is decreased, and the in- 

tracellular histamine content of  both  cell types is in- 
creased proport ionately [7]. Furthermore,  we have 
shown that in cholesterol-induced atherosclerosis in 
rabbits, partial inhibition of  the increased aortic hista- 
mine synthesis by a-hydrazinohist idine ( a - H H )  pro- 
duces a 51% decrease in aortic albumin accumulation 
and a 63% decrease in the severity of  atherosclerosis [8]. 
Most  recently, we have shown that a - H H  prevents the 
increase in the aortic endothelial and smooth muscle 
cell histamine content in experimental  diabetes, despite 
the persistence of  severe diabetes [9]. The present study 
was designed to determine whether  the increased aortic 
albumin accumulat ion occurring in diabetes can be pre- 
vented by the administration of  a - H H ,  a relatively spe- 
cific inhibitor of  histidine decarboxylase [10, 11]. 

Materials and methods 

Animals 

Male Wistar rats with initial body weights of 200-230 g were used in 
this study. Animals were divided into four treatment groups with at 
least six animals (n = 6) per group. The treatment groups consisted of 



T. M. Hollis and S. A. Strickberger: Aortic histamine and permeability 283 

? 
O 

o 

v 

( , 9  
c r  
O 
t--" 
I T  

2 5  ~ 2 5  

2 0  

15 

I0 

::?..:.:t 

o 
x 

E 
o 

v 

i f )  
n , -  
O 

t3 . .  

20 

15 

I0 

O 
T 

I 

�9 ::i �84 �84149149 

:ilii: 
?:i)!! ! 
::..:,.! 
:.?:? :: :~ 

5": : : ;I  

:'):~iii::1 

A 

JO 
x 

Q .  

(.) 

6 

5 

4 

5- 

2- 

I 

O 

. . . . . .  

.,:.:.... 

:.:::.. .  

~-i:':'.'~ 

' . J ;  

!~!!!?? 

Fig. I a-c. Rat thoracic aortic fluorescein isothiocyanate conjugated to rat serum albumin (FITCRSA) flux and mass transfer rates, and aortic 
FITCRSA content in experimental diabetes, a FITCRSA flux (J, ~g/cm2/s); b corresponding FITCRSA mass transfer rate (P, cm/s); c aortic/ 
plasma FITCRSA ratios (CT/Cp) of each treatment group, a -HH is a-hydrazinohistidine given by intraperitoneal injection (50 mg/kg at 12 h) 
during week 4. * p < 0.05 difference from control (variance analysis followed Duncan's multiple range test) 

untreated animals (controls, n = 7), non-diabetic animals receiving a- 
HH (n = 7), diabetic animals (n =9), and diabetic animals receiving 
a -HH (n =6). 

Diabetes was induced under light anaesthesia by jugular vein in- 
jection of streptozotocin (Sigma Chemicals, St. Louis, Missouri, 
60 mg/kg in acid saline, 0.5 ml, pH 4.5), followed by an intra-peritone- 
al injection of glucose (1.75 g/kg, 40% solution). All control animals 
were weight-mateched and received a sham injection of acid saline 
only. All animals were fed Purina Rat Chow (Ralston Purina, St. Lou- 
is, Missouri) and water ad libitum. Three days after streptozotocin in- 
jection, non-fasting plasma and urinary glucose concentrations were 
measured using a glucose analyzer (Yellow Springs Instruments, 
Cleveland, Ohio). Animals were declared diabetic if their plasma and 
urinary glucose concentrations exceeded 13.7 retool/1 and 8.9 mmol/  
1, respectively. Additional non-fasting plasma and urinary glucose 
concentrations were determined 2 and 4 weeks after diagnosis. Dur- 
ing week 4, some animals in each group received a -HH (Regis Chem- 
icals, Morton Grove, Illinois, 25 mg/kg, intraperitoneally at 12 h). 

Measurement of aortic albumin accumulation 

At the end of the 4-week period, rats were injected with fluorescein 
isothiocyanate (FITC, Sigma) conjugated to rat serum albumin (Sig- 
ma). The dose was 50 mg/kg in 1 ml of carbonate-bicarbonate buffer 
(pH 7.4). Plasma samples were obtained at 3 and 60 rain after injec- 
tion for subsequent determination of the plasma FITC-albumin con- 
centration. At 60rain after FITC-albumin injection, animals were 
killed by decapitation under ether anaesthesia. The aorta was per- 
fused with ice-cold phosphate-buffered saline (PBS, 0.01 tool/l, 
pH 7.4), and the aortic length was measured from the aortic arch to 
the diaphragm. The aorta was quickly excised, cleaned of adhering 
blood and the periadventitia, weighed, cut longitudinally, stretched 
to its original length in vivo, and traced for surface area determina- 
tions. A 10% homogenate was then prepared in ice-cold PBS 
(0.01 mol/1, pH 7.4), and the supernatant was decanted and used to 
quantify the aortic FITC-albumin content. 

The fluorescein isothiocyanate was conjugated to rat serum albu- 
min using the procedure of Katora and Hollis [12]. Briefly, 3 nag offlu- 
orescein isothiocyanate were dissolved in a minimum volume of ace- 
tone and added to a solution of 50 mg of rat serum albumin/ml of car- 
bonate-bicarbonate buffer (pH 9.0). The solution was stirred for 24 h 
(4~ The resulting fluorescein isothiocyanate-rat serum albumin 
conjugate was purified by means of gel filtration, using Sephadex G25 
(Pharmacia, Piscataway, New Jersey). The pH was adjusted to 7.4 us- 
ing 5 N HC1, and the final protein concentration was determined by 
the method of Lowry et al. [13]. 

Purity of the fluorescein-albumin solution was determined by 
adding 0.1 ml of the albumin solution to each of two 15-ml Corex 
tubes (Coming, Coming, New York), one containing 4.9 ml of trich- 
loroacetic acid and the other 4.9 ml distilled water. After centrifuga- 
tion at 20000 x g for 20 rain to remove precipitated protein, a 0.5-ml 
aliquot of supernatant was placed in a microcuvette (Beckman, Irvine, 
California), and the fluorescence was measured with a spectrofluor- 
ometer (Perkin Elmer model MPF-43A, New York, New York) at 
wavelengths of 410 nm excitation and 580 emission. The ratio of su- 
perpernatant fluorescence following trichloroacetic acid precipitation 
to that of the fluorescein-albumin conjugate was 0.1%; by this criteri- 
on the fluorescein-albumin conjugate was considered devoid of any 
significant amount of unreacted fluorescein isothiocyanate [12]. 

Both aortic supernatant and plasma fluorescein-albumin concen- 
trations were determined as follows. A 0.5-ml aliquot was transferred 
to a microcuvette, and the percentage fluorescence was measured us- 
ing the wavelengths listed above. These values were compared with 
those obtained from a standard curve and corrected for dilution. 
Background fluorescence in each case was below the limits of assay 
sensitivity which is 1 ng/ml. 

Three different parameters were used to measure thoracic aortic 
albumin accumulation. Albumin flux was calculated using the equa- 
tion.: 

J=(C)  (A) -1 (0 -1, 

where J = albumin flux [(mg) (s-l) (cm-2)], C is the aortic fluorescein- 
albumin content (mg), A is the aortic surface area (cm2), and t is the 
circulation time (3600 s). The plasma fluorescein-albumin concentra- 
tion (mM/1) 60 min following injection of the fluorescein-albumin 
conjugate (Cp 60) was determined directly from the standard curve. 
The mass transfer rate (P, cm/s) was then obtained by the equation: 

P=  [(J) (Cp 60-1)]. 

In addition, to measure aortic fluorescein-albumin accumulation 
aortic/plasma fluorescein-albumin ratios were determined by divid- 
ing the aortic albumin content (Ct, mg fluorescein-albumin/mg aorta) 
by Cp 60), thereby normalizing the individual aortic fiuorescein-albu- 
min contents to the respective plasma fluorescein-albumin contents. 

Statistical evaluations 

Data were analyzed initially by variance analysis. When appropriate, 
differences were tested for significance using the Duncan's multiple 
range test [14]. Differences were considered significant at the 95% lev- 
el of confidence (p < 0.05). 
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Results 

All streptozotocin-treated rats showed hyperglycaemia 
(30 mmol/1 vs 6 m M / L  for control animals) and glycos- 
uria ( >  8.9 mmol/1). Within the control and streptozo- 
tocin groups, a - H H  treatment during week 4 failed to 
produce any significant changes in either of  these me- 
tabolic parameters. All streptozotocin-treated rats ex- 
hibited reduced weight gain over the 4 week period, typ- 
ical of similar results reported previously [7]. 

The thoracic aortic albumin flux in the diabetic 
group was 300% greather than that of the control group 
(Figure 1 a, p < 0.05). Aortas from diabetic rats given a- 
H H  showed an 83% reduction in the albumin flux when 
compared with the uncontrolled diabetic group (p < 
0.05). The mean albumin flux rate of the diabetic a - H H  
group was not significantly different from that of the 
control group or the non-diabetic group receiving a- 
HH. 

The aortic albumin mass transfer rate from animals 
of the diabetic group was elevated in excess of 300% 
over that of the control group (Fig. 1 b, p < 0.05). Again, 
a - H H  treatment of these diabetic animals produced a 
complete reversal in this parameter, the mass transfer 
rate now being the same as that of the control. There 
were no significant differences between mass transfer 
rates of  control animals, non-dia~oetic a -HH,  and dia- 
betic a-HH-treated animals. 

The aortic/plasma albumin ratios of the various 
treatment groups are shown in Figure i c. As indicated, 
the Ct/Cp60 ratio from aortas of  diabetic animals was 
increased 10 times over control values. However, in the 
group of diabetic rats treated with a -HH,  the Ct/Cp 60 
ratio was reduced by 91% over that of the untreated dia- 
betic animals (p < 0.05). There were no significant dif- 
ferences in the Ct/Cp 60 ratios between controls and ei- 
ther the non-diabetic, a-HH-treated, and diabetic, a-  
HH-treated animals. 

Discussion 

Bratzler et al. [15] examined the I-albumin mass transfer 
rate in the descending thoracic aorta of normal rabbits. 
They reported a mass transfer rate of 2.4 x 10 -s cm/s 
following 30 min of I-albumin circulation. Owens and 
Hollis [16], using a fluorescein-bovine serum albumin 
conjugate and a circulation time of  60 min, observed a 
mean mass transfer rate of  1.28 x 10 -6 cm/s in Evans 
blue dye-positive regions of normal canine aorta. Using 
the same fluorescein-albumin conjugate in diabetic rats 
Hollis et al. [17] have reported that the aortic albumin 
mass transfer rate changes from 6 x 10 -6 to 3.5 • 10 -6 
cm/s over a 60-min period. Considering the differences 
in animal species used and differences in measurement 
techniques, the values in the present study are in basic 
agreement with those of these previous studies [15-17]. 
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The data of this study clearly show that aortas from 
untreated diabetic rats had a mass transfer rate which 
was more than 300% greater than control animals. Fur- 
thermore, the albumin flux rate was 325% greater than 
in control animals. Consistent with these observations is 
the fact that there is a tenfold increase in the aortic flu- 
orescein-albumin content in these diabetic rats when it 
is normalized to the plasma fluorescein-albumin con- 
tent on a per weight basis. Thus, these data show that 
there is a significantly greater macromolecule accumu- 
lation in aortas from these diabetic rats, an accumula- 
tion caused by lowered endothelial resistance which 
creates an increase in aortic wall permeability charac- 
teristics. The result of this increased permeability is that 
increased quantities of albumin enter the aortic wall per 
unit area of vessel. 

The most significant aspect of this study is the find- 
ing that with a - H H  treatment, a relatively specific in- 
hibitor of histidine decarboxylase [10, 11] which is the 
principle enzyme catalyzing the formation of  histamine, 
the aortic albumin uptake is returned to control values. 
This is shown by a reduced albumin flux, a reduced 
mass transfer rate, and it is reflected by the normalized 
tissue/plasma ratio of  the fluorescein-albumin. More- 
over, this occurs despite severe hyperglycaemia and hy- 
poinsulinemia. Thus, in this study altered permeability 
characteristics of the vessel wall have been dissociated 
from both hyperglycaemia and hypoinsulinemia of dia- 
betes mellitus simply by inhibiting increases in aortic 
histamine synthesis [9]. 

The mode of action of a - H H  is still unsolved. One 
mechanism of action of a - H H  is to bind pyridoxial 
phosphate [10, 11] which is a necessary cofactor for his- 
tidine decarboxylase. However, Levine et al. [11] have 
shown that a - H H  is 10times more effective in inhib- 
iting histidine decarboxylase than in inhibiting aromatic 
L-amino acid decarboxylase, an enzyyme which is also 
pyridoxal phosphate-dependent [19]. Thus, it is pre- 
sumed that a - H H  in some manner prevents binding of 
pyridoxal phosphate with the histidine decarboxylase 
molecule, although how this occurs is still obscure. 

It has been our working hypothesis that increased 
aortic macromolecule accumulation occurring in var- 
ious atherogenic states is mediated, at least in part, by 
accelerated de novo histamine synthesis catalyzed by 
increased histidine decarboxylase activity. Orlidge and 
Hollis [7], in their studies of  aortic histamine metabo- 
lism in experimental diabetes, showed that the intracel- 
lular histamine content of both endothelial and smooth 
muscle cells underwent a marked expansion in experi- 
mental diabetes. Importantly, this expansion could be 
completely reversed by insulin therapy during the last 
week of the 4-week period. Similarly, Gallik et al. [9] 
showed recently that in diabetic animals treated with a- 
H H  the expansion in intracellular histamine was like- 
wise completely blocked, despite the persistence of se- 
vere diabetes. This indicates that the inducible non- 
mast cell histamine pool, a pool which is dependent up- 
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on the rate of histamine synthesis and catabolism [10, 
11], is sensitive to insulin, and that one significant 
change occurring in experimental diabetes is an expan- 
sion of this inducible pool. Whether these changes re- 
flect hypoinsulinemia or hyperglycaemia or both can- 
not be stated at this time. 

A natural question which arises from this study is 
the question of how histamine would mediate abnormal 
aortic permeability increases to macromolecules such as 
albumin. We have no definitive data at this time. How- 
ever, in a related study Hollis et al. [20] have reported 
that plasma histamine concentrations are markedly ele- 
vated in streptozotocin-diabetic rats. Furthermore, this 
elevated plasma histamine concentration can be mini- 
mized by treatment with a-HH, suggesting that a major 
component responsible for the altered plasma hista- 
mine concentration is an expanded inducible histamine 
pool. Thus, one possible mechanism through which his- 
tamine might mediate such changes could be through 
interaction with histamine H~- and/or  histamine H2 re- 
ceptors, thereby stimulating endothelial pinocytosis and 
the transendothelial transport of macromolecules such 
as albumin. Obviously this needs to be investigated in 
detail, and such studies are currently in progress in this 
laboratory. 

The data of the present study indicate that if this in- 
ducible histamine pool expansion can be prevented, 
then increases in aortic permeability characteristics 
such as aortic albumin flux and mass transfer rates can 
likewise be prevented. The effect of this prevention is to 
block abnormal aortic albumin accumulation, even in 
spite of severe hyperglycaemia and hypoinsulinemia. 
These data also indicate that fluorescein conjugated 
molecules serve as excellent and sensitive probes for 
measuring various permeabiity parameters in large ves- 
sels; fluorescein has been used for some time in assess- 
ing retinal-blood barrier properties in human diabetes 
[21]. Taken together, these data thus give strong support 
for the concept that accelerated de novo histamine syn- 
thesis is at least one important event occurring in exper- 
imental diabetes which is intimately associated with cer- 
tain increased vascular wall permeability characteristics 
associated with both diabetes and atherogenesis. 
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