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endotoxin is a nonhepatic factor mediating the tol-
erance of phagocytes to a phlogogenic stimulus upon
reparative regeneration of the liver. The endotoxin
stimulates macrophagal production of IL-1 and IL-6
[7] that enhance the synthesis of the acute phase pro-
teins in hepatocytes. The endotoxin also elevates blood
concentration of glucose [10] and stimulates macro-
phagal production of prostaglandin E, {8]. This may
inhibit phlogogenic and hemopoiesis-stimulating ac-
tivities of lung and liver macrophages and suppress
granulomatous inflammation in regenerating liver.
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p-Aminobenzoic acid (0.002 and 0.005% in a volume of 0.1 ml) stimulates angiogenesis
in the yolk sac of chick embryos. It is more effective in a concentration of 0.005%,
significantly increasing the length and branching of large vessels (by 27-33% and 35-43%,
respectively) in comparison with the control (injection of 0.1 ml normal saline).
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Angiogenesis is a reactive process occurring not only
during embryogenesis but also in adult organism. It
is triggered under various conditions by different
pathophysiological factors. Angiogenesis has been
regarded as a positive (for example, wound healing)
or negative process (carcinogenesis, tissue ischemia,
etc.). Modulation of angiogenesis with the use of
stimulators and inhibitors may be helpful in the
correction of various pathologies. In was reported
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that neovascularization is stimulated by heparin and
copper-containing substances [8] and inhibited by
protamine [10], cartilaginous extracts [9], emoxipine
[4], a-interferon, etc.

We attempted to modulate angiogenesis with
p-aminobenzoic acid (PABA). This substance sti-
mulates phenotypic traits in animals [2] and plants
[7]. Of special interest is the ability of PABA to
induce selective modifications during ontogenesis;
for example, it stimulates the development of the
external segments of retinal photoreceptor cells [6]
and promotes proliferation of stromal cells during
healing of corneal wounds [5]. In the present
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Fig. 1. Total preparation of chick embryo with the yolk sac after a 72-h incubation. a) experiment; b) control; /, //, and /ll) branching of the

yolk sac blood vessels.

study we examined the effect of PABA on angio-
genesis.

MATERIALS AND METHODS

The effect of PABA on the angiogenesis in the yolk
sac of 48-h Leghorn chick embryos (embryonic stage
13 [1]) was studied. PABA was injected as normal
saline solution (0.1 ml) in concentrations of 0.002%
(14 embryos) or 0.005% (19 embryos) with a pipet
through a hole in the eggshell; 15 embryos received
an equal volume of normal saline (control). Bio-
logical activity of these concentrations was tested
previously [5,6]. The results were evaluated 24 hours
postinjection (stages 18-19 [1]) on fixed whole mount
preparations. To this end each embryo with yolk sac
was removed and a whole mount was prepared. The
mounts were fixed for 20 min in 12% neutral forma-
lin, 20 min in 96° ethanol, then passed through
descending ethanol concentrations to pure water, and
stained with hematoxylin by the method of Carazzi.
The total length and the number of branches of the
large yolk sac vessels (orders I, II, and III) and total
vascularized and embryonic areas were evaluated on
photographs of the total mounts using a Mini-Mop

setup (Opton) (Fig. 1). Statistical data were obtained
using a TgAl0 Opton particle autoanalyzer. The
significance of differences was evaluated using the
Student test. The correlation between the vascu-
larized area, on the one hand, and the length of
vessels and the number of branches, on the other,
was assessed using a correlation coefficient calculated
from the conventional formula [3]. Experiments were
repeated two times: at the beginning of October
(Table 1) and at the end of November (Table 2) of
the same year. Due to certain season peculiarities,
the data of these series were not combined. In order
to compare the results obtained in these experiments
the index R was calculated from the following for-
mula: R=(FE—C)/C, where E and C are the means for
each parameter in experimental and control group.

RESULTS

A single injection of PABA in both concentrations
stimulated angiogenesis in the yolk sac of chick
embryos. In both series, PABA proved to be more
effective at 0.005% than at 0.002%, significantly
increasing the total length of large vessels (by 27-
33%) and the number of branches (by 35-43%) in



1084 Bulletin of Experimental Biology and Medicine, Ne 11, 1996 GENERAL PATHOLOGY AND PATHOLOGICAL PHYSIOLOGY
TABLE 1. Effect of PABA on Chick Embryos and Yolk Sac Vessels in October (Mtm)
: Control PABA PABA
o] t i o, \ o
bjec (n=5) 0.002% (n=6) R % 0.005%(n=10) R %
Number of order {, ll, and Il branches 132.3+17.0 174.5+7.0** 31.9 178.0+£15.0* 345
Total iength of order I, If, and Il vessels | 2975.0£192.0 3794.0£320.0** 27.5 3873.01£148.0"* 30.0
Vascularized area 1065.0+95.0 1630.0+£100.0*** 53.0 1756.0+96.0*** 64.9
Embryonal area 92.8+9.5 115.5+14.0 24.8 133.54£9.8*** 43.9
Note. Here and in Tabie 2: *p<0.02, *p<0.05, ***p<0.001 in comparison with the control.
TABLE 2. Effect of PABA on Chick Embryos and Yolk Sac Vessels in November (M+m)
Object Controt PABA, R, % PABA, R %
(n=10) 0.002% (n=8) 0.005% (n=9)
Number of order I, I, and [l branches 79.39.5 97.5+5.8 22.8 114.1£10.2* 43.7
Total length of order I, I, and Ill vessels | 1076.0+56.6 1250.0481.0** 16.2 1432.0191.4** 33.1
Vascularized area 4375.0+£250.9 4583.0+243.3 4.7 4601.0+127.3 5.1
Embryonal area 159.419.0 172.549.9 8.2 193.4+18.3** 21.3

comparison with the control. The size of embryos
(area) was also increased.

The vascularized area of the yolk sac varied to a
greater extent. Both concentrations of PABA slightly
increased this parameter; however, the differences
between the control and experimental groups were
not always statistically significant (Tables 1 and 2).
There was no correlation between the vascularized
area and the length of blood vessels (r=0) and the
number of branches (r=0.494). This suggests that in
contrast to the length of blood vessels, the vascu-
larized area of the yolk sac is not a valid parameter
for evaluating the effect of some preparations. In the
present study we did not analyze the mechanism of
the embryo enlargement that may result from better
vascularization of the yolk sac and direct influence
of PABA on the embryo.

Thus, our results show that PABA stimulates
angiogenesis. This paves the way for further investi-
gations of PABA as a modulator of angiogenesis.

This and our previous findings [4] indicate that
a total preparation of chick embryos with the yolk
sac is a suitable model for morphometric evaluation
of various effects on blood vessels.

The study was supported by the Russian Foun-
dation for Basic Research (grant No. 93-04-7371).
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