
Effect of Glyceryl Trinitrate on Extracellular 
Fluid Space of Aortic Strips 

By 0. J. LORENZETTJ*, AKTHUR TYE, and JOHN W. NELSON 

Extracellular fluid space (ECF) was determined in  untreated rabbit aortic tissue and 
in tissue exposed to  0.1 per cent glyceryl trinitrate. The ECF space determinations 
were made in tissues bathed in a normal Krebs solution, calcium-free Krebs solu- 
tion, magnesium-free Krebs solution, and calcium-magnesium-free Krebs solutions. 
The glyceryl trinitrate increased the ECF space in all solutions except the magnesium- 

free solution. 

HE INCREASING importance of the concentration T and distribution of ions in tissuc during the 
state of contraction and relaxation necessitates the 
determination of distribution of tissue water (1 ,  2). 
Of importance in studying some effects of glyceryl 
trinitrate on smooth muscle relaxation was the 
determination of the cxtracellular fluid space (ECF). 

The direct methods used to determine the dis- 
tribution of water between extracellular and intra- 
cellular compartments are based on the measurement 
of the volume of distribution of an impermeable 
solute molecule, e.g., urea, mannitol, inulin, and 
radio-iodinated serum albumin. Although these 
substances penetrate the tissue at various ratcs 
dependent on their molecular size, the use of any 
one substance will give an estimate of the relative 
distribution of the water in the extracellular fluid 
space. 

For the authors' measuremcnts the ECF space was 
determined by use of inulin, using the anthrone color 
reaction for spectropliototnetric analysis of the inulin 
concentration (3). The anthrone color reaction is 
highly sensitive for determinations of sinall quan- 
tities of inulin, as low as 5 mcg./ml. of solution. 

The purpose of this paper is to provide data on 
the measurement of the ECF space of the rabbit 
aorta exposed to  various ionic media, before and 
after treatment with glyceryl trinitrate. 

MATERIALS AND METHODS 

Male. albino rabbits weighiug 2-3 Kg. were killed 
by a blow to the back of the neck. The thorax and 
abdomen w-ere opened, and the descending aorta 
from the arch extending down 9 cm. was isolated 
from surrounding tissuc. The thoracic aorta was 
mounted directly onto a glass rod and kept moist 
with Krebs-bicarbonate solution a t  room temper- 
ature. 

The aortic strips were cut by rotating the rod 
against a fixcd scalpel bladc according to the mcthod 
described by Furchgott (4). All of the aortic 
strips conformed to the following dimensions: 
2.0 i 0.55 mm. wide, 2.0 f 0.3 cm. long, and 450 
+50 p thick as noted under a microscope. Through- 
out this procedurc thc tissue was kept moist with 
Krebs-bicarbonate solution and gassed with 95% 
oxygen and 5c4 carbon dioxide. 

The isolated aortic tissuc was placcd individually 
into 12-ml. weighing bottles containing 5 i d .  of 
1.0% w/v inulin in modified Krebs solution. Inulin 
was substituted for glucosc in all Krcbs solutions. 
Three solutions with various concentrations of 

'iom the College of Pharmacy, Received April 13, 1966, I 

Accepted for publication June 13, 1966. 
* Present address: 

Ohio State University, Columbus. 

Dome Laboratories, Division of Miles 
Lahoratorics Jnc., Therapeutic Research Laboratory, Elkhart, 
Ind. 

electrolytes were crnployed iti  addition to the normal 
Krebs solution. The composition of these modified 
solutions is shown in Table I. The osmotic con- 
centration of the solutions was between 314.5 and 
317.5 ~nilliosnioles. The ionic strength ranged from 
0.168 to 0.174. The pH was adjusted to 7.36 f 
0.08. Some aortic muscle strips were exposed to  
0.1 yo glyccryl trinitrate and were called treated 
strips. 

TABLE I.-COYPOSITION OF BATH MEDIA FOR 
AORTIC STRIPS IN mrnoles/L.a 

____ 
Calcium 

Krebs- cium- slum- Magne- 
HCOa Free Free sium-Free 

NaCl 118.5 120.0 120.0 128.0 
KC1 4 . 8  4 . 8  4 .8  4 . 8  
CaCl2.2HnO 1.9 . . _  1.9 . . .  
KH?P04 1.2 1 . 2  1 . 2  1 .2  
NaH2P04 . . .  . . .  1 . 2  . . .  
M ~ S O I * T H ~ O  1.2 1.2 . . .  . . .  
KaHCO, 26.0 25.0 25.0 25.0 
Dextrose 10.0 10.0 10.0 10.0 

CalL M3gne- and 

a Ionic strength, 0.168 to 0.174; osmolarily, 314.5 to 
317.5; pH, 7.28 to 7.44. 

Both treated and untreated aortic strips were 
allowed to equilibrate for 12 hr. The tissue was 
then removed, blotted, and placcd in 5 nil. of dis- 
tilled water contained in another weighing bottle. 
.4t the end of a 12-hr. period in the distillcd water, 
the tissuc was removed from its container, was 
blotted, and was weighed. The tissue was then 
carefully homogenized in 2 ml. of distilled water 
usinn a 10-ml. hand homogenizer. The homogenate 
was centrifuged a t  6000 r.p.m.'s for 3 min,  and the 
supernatant was decanted and analyzed for inulin 
as described below. 

Inulin Assay.-Two samples of the distilled water- 
inulin solution were removed, placed in 22 X 176- 
mm. Pyrcx test tubes, and cooled in a cold water bath 
to 8 j= 1" for 10 Inin. Then 2 nil. of freshly prepared 
anthrone reagent was added dircctly to the solution 
in the test tube and mixed by swirling. Thc an- 
throne reagent consisted of 0.0270 w/v anthrone 
and 0.1% w/v thiourea (to prevent oxidation of the 
active eiiol tautonier of anthrone) in 96% sulfuric 
acid. The anthrone reagent was precooled to 8 
f 1". Then the samples were immediately heated 
for 6 min. a t  90 3= 3' on a water bath. The tubes 
were cooled for 5 min. in an ice bath to 8" and were 
allowed to conic to room temperature. The result- 
ing turquoise-green solutions were read on a Beck- 
man spectrophotometer a t  620 mp within 20 min. 

977 



978 Jozrrnal of Pharmacezitical Sciemes 

I 

w 8 0 -  
2 c n .  
I- 
'0 

60. s 
c -  
W 

5 40 .  
U 
0 
W 

of their removal from thc water bath, against a 
distilled water-tissue blank. The blanks gave a 
reading of 0.97 =t 0.04% ECF per wet weight of 
tissue, as determined on 20 tissue blanks taken at 
random. The inulin concentration was read from a 
standard curve, constructed from determinations on 
inulin in distilled water. Thc inulin space is equiva- 
lent to the extracellular fluid space and was expressed 
as the mg. of inulin per 100 mg. of aortic tissue, wet 
weight, divided by the mg. ml.-I of inulin in the 
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Fig. 1.-Extracellular fluid space of aortic strips 
in Krcbs solution. Key: 0,  untreatcd; 0, glyceryl 
trinitrate (1 mg.) added; I, standard deviation. 
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Fig. 2.-Extracellulnr fluid space of aortic strips 
in calcium-free Krebs solution. Key: 0 ,  un- 
treated; 0, glyceryl trinitrate (1 mg.) added; I, 
standard deviation. 
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Fig. a.-Extracellular fluid space of aortic strips 
in magnesium-free Krebs solution. Kry: 0 ,  
untreated; 0, glycrryl trinitratc ( I  mg.) added; 
I, standard deviation. 
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Pig. 4.--Extracellular fluid space of aortic strips 
in calcium and magnesium-free Krcbs solution. 
Key: 0 ,  untreated; 0, glyceryl trinitrate (1 mp.) 
addcd; I, standard deviation. 

ECF times 100 to give per cent ECF per wet weight 
of tissue ( 5 ) .  

In the tissucs cxposed to 0.1 yo glyceryl trinitrate, 
it was found that the nitrates interfered with the 
assay. The solutions obtained from tissue treated 
with glyceryl trinitrate were passed through an 
anion exchange resin,' contained in a 3-Cni. ( id . )  
X 30-cm. colurnn. The resulting glyceryl tri- 
nitrate-free solution was then assayed for inulin as 
describcd. 

RESULTS 

The rate of pernieability indicated by a plot nf 
the per cent of extracellular fluid space per 100 mg. 
tissuc wct weight u w s w  time (Figs. 1-4) shows that 
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saturation of the inulin spaces occurs in approxi- 
m,ately 4 hr. 

The results for the normal Krebs solution in Fig. 
1 show that the presence of glyceryl trinitrate 
inscreases the permeability of the cell niembranr 
in the tissue a:; represented by the increase in ECF. 
The increase was significant from the first to the 
fourth hour. The values obtained wcre high relative 
to those reported in the literature by the use of 
other methods. I t  was not intendcd that the 
measurement would be an exact value of the extra- 
cellular fluid space since the incomplcte pcnetration 
of inulin into the connective tissue has not been 
considered. Nichols and co-workcrs have shown 
that the ECF space measurements obtained with 
chloride are better estimations, since chloride pene- 
trates much more rapidly than inulin (6). 

The muscle exposed to glyceryl trinitrate in a 
calcium-free medium also shows a significant in- 
crease in the ,extracellular fluid (Fig. 2). The re- 
sults indicate that absence of calcium does not 
affect the increased ECF space induced by thc 
presence of glyceryl trinitrate. 

The magnesium-free Krebs media produccd an 
inhibition of the ability of glyceryl trinitrate to 
increase thc ECF space of thc smooth muscle over 
most of the 4-hr. period (Fig. 3). The Krebs media 
without calcium or niagnesiuni showed no change 
in the ECF space for the first 2 hr., then a significant 
increase in ECF in the last 2 hr. as seen in the 
unmodified Krebs medium (Fig. 4). 

The approximately &5yo of the calculated mean 
in the ECF space dctermination reflects some vari- 
ability among the multiple samples. That may be 
attributed to an actual section-to-section variation 
within the aorta, with rcspect to thc inulin spacc or 
endogenous carbohydrates . 

DISCUSSION 

Although th,e velocity of inulin distribution is not 
aflected by incubation of the muscle with glyceryl 
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trinitrate, the apparent volume of distribution of 
inulin is increased. This indicates an increased 
permeability of the tissue in the presence of nitratc 
and nitritc. The increased permcability was not 
observed in ttic abscnce of magnesium with calcium 
prcsent. 

In  all the bathing solutions, an early rapid phasc 
and a late slow phase was notcd bcfore equilibrium 
was attained. This could be attributed to diffcrcnt 
water compartments, but recent studies have indi- 
cated that thcrc are more than the two classic water 
cornpartrnents (7) indicated in this study. Pos- 
sibly, the phases noted could be characteristic of the 
tissue investigated, indicative of latent penetration 
of inulin into more complex extracellular structures 
as suggested by Page (8) for heart muscle. 

Saturation of the inulin space occurred in 3 to 4 
hr. in thcse studies. Even after this prolonged 
time, nitrates and nitrites can still exert ati effect 
on the cell membrane (9). 

SUMMARY 

Glyceryl trinitrate increases the extracellular 
fluid spacc of rabbit aortic tissue in normal Krebs 
and calcium-magnesium-free Krcbs solutions. Only 
the magnesium-free Krebs solution railed to produce 
an elevation of the extracellular space of aortic 
tissue after treatment with glyceryl trinitrate. 
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Interactions of Surfactants with Lipoproteins 
By H. TAKRURI and B. ECANOW 

The interactions of bentalkonium chloride and sodium lauryl sulfate with 01- and 
p-serum lipoproteins have been studied. Both fractions, below their isoelectric points, 
form insoluble complexes with the anionic surfactant. At higher concentrations 
of the surfactant the insoluble complexes are resolubilized completely. Above the 
isoelectric point, the lipoprotein fractions exhibit the same phenomenon with 
benzalkonium chloride. The charge and the hydrophilic nature of the macro- 
molecules are the major factors in  these interactions. The  formation of insoluble 
complexes and the resolubilization of these complexes are modified considerably by 

the addition of urea to the systems. 

HE INTERACTIONS of benzalkonium chloride and with the anionic surfactant. At higher coneentra- T sodium lauryl sulfate with a- and @-serum lipo- tions of the surfactant the insolublc complexes arc 
proteins have been studied. Both fractions, below rcsolubilized completely. Above the isoelectric 
their isoelectric aoints. form insoluble comDlexes uoint. the liuourotein fractions exhibit the same 

Received May 16, 1966, from the Department of Phar- 
macy, College of Pharmacy, Uuiversity o f  Illinois at the 
Medical Center, Chicago. 60612. 

.4ccepted for publication June 13, 1966. 
Abstracted from a thesis submitted by Harun Takruri 

to the Graduate Faculty, University of Illinois at the Medical 
Center, Chicago, in partial fulfillment of Master of Science 
dei:ree requirements. 

. _  
phenomenon with benzalkonium chloride The 
charge and the hydrophilic nature of the macro- 
molecules are the major factors in these interactions. 
The formation of insoluble complexes and the 
resolubilization of these complexes are modificd 
con5iderably by the addition of urea to the systems. 




