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SUMMARY :

Purpose: Since free radicals are highly reactive in biological systems, complete protection against
[free radical reactions is not possible. Generally, the reactions of nitric oxide (NO) might act to protect cells
Sfrom the cytotoxicity of active oxygen species, but might also act as a cytotoxic compound. Our preliminary
results confirm this explanation. Methods : The teratogenic effects of L-Arginine, Ascorbic acid and L-
Arginine+Ascorbic acid combination were evaluated on incubation day 18 by counting the dead and mal-
Jformed embryos, and then all the external anomalies were photographed. Results: Among all the
anomalies observed in the study, the higher incidence were observed in Vit C-given group (57 %) when
compared with control group. Interestingly, in the L-Arginine + Vit C-given group the incidence of the
anomalies were lower than the other drug-given groups (33 %). In addition to this the highest mortality rate
was observed in “L-Arginine + Vit C” (61%), L-Arginine (50 %) and Vit C (44 %) given groups
respectively. Conclusion: According to the results of the study it could be claimed that NO was effective in
cell and tissue differentiation. This effect of NO could clearly be observed in skeletal systen.
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INTRODUCTION

Naturally occurring free radicals typically have
an oxygen or nitrogen-based unpaired electron.
The unpaired electron acquires a partner by
attacking a covalent bond of another molecule. The
main biological function of nitric oxide (NO) seems
to be the stimulation of the soluble guanylate
cyclase to elevate C-GMP (cyclic guanosine
monophosphate) (1, 2). NO is synthesized from the
amino acid arginine by NO synthase. Once
synthesized, NO can migrate to lipid soluble parts

of cells, such as the membranes.

NO is an important paracrine signalling
molecule in a variety of cell types. In paracrine
signalling, a molecule released by one cell acts on
neighboring target cells. This kind of signalling
plays a critical role in regulating cell to cell
interactions including many interactions between
different types of cells that take place during
embryonic development (3).

Vitamin C (ascorbic acid) is a water-soluble

T This study has been selected as the best study in the Sth Oncology Student Congress with International participation.

Adana, Turkey, April 28-30, 1997.

>



antioxidant. It can trap free radicals and reactive
oxygen molecules that result through the action of
the detoxification mechanisms previously
described (4). Vit Citself does not seem to be a very
strong free radical scavenger or nucleophile. Its
action is probably mediated by oxygen derivates
(in-vitro) or some other bio-antimutagens (in-vivo)

(5).

We are at the early stages of understanding free
radical signal transduction and employing this
knowledge for intervention in pathophysiology.

Studies on the developmental anomalies due to
free radicals and ascorbic acid were not so numero-
us. The chemistry of NO and also Vit. C in
biological systems is extensive and complex. There
has been confusion abort the roles of these
compounds in different conditions. So the aim of
our study was to evaluate the role of exogenous
reactive nitrogen species and ascorbic acid in the
maldevelopment of chick embryos.

MATERIALS AND METHODS

Animals and Experimental Protocol: The
experiments were performed on random-bred
white leghorns (obtained from Etlik Veterinary
Research Institute) which was routinely used in our
laboratory for teratogenicity testing. After 3 days of
incubation in the horizontal position at 37°C and
60-70 % humidity, the eggs were selected by
candling and eventually, by window technique (6).

After moistening of the blastoderm with a drop
of saline, the windows in the egg shells were
covered with sterile glass slides on a paraffin frame
and the eggs were again stored in the incubator (7).
During administration, adherence to sterile
technique was case fully practiced (6).

The teratogenic effects of L-Arginine (n=12),
Ascorbic acid (n=14) and L-Arginine+Ascorbic
acid (n=18) combination were evaluated on
incubation day of I8 by counting the dead and
malformed embryos.

Drug Preparation: In this study, L-Arginine,
Ascorbic acid and L-Arginine+Ascorbic acid
combination were used for examining the abnor-
malities of the embryonal skeletal system
(Ascorbic acid and L-Arginine were provided from
Sigma Chemical Company Ltd.). A fourth group of
embryos received distilled water and served as
control group.
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Ascorbic acid (in crystalline form and kept at
room temperature) was dissolved in 0.05 ml sterile
distilled water and was administered
intraamniotically as a single dose of 1mg at 9:00 am

on the 15 day of incubation.

L-Arginine (in anhydrous crystalline form and
kept at room temperature) was dissolved in sterile
distilled water and was administered
intraamniotically as a single dose of I mg at 9:00

am on the 15 day of incubation.

A combination of Ascorbic acid and L-
Arginine as individually described above was
administered intraamniotically as a single dose at -
9:00 am on the Ist day of incubation.

Teratologic Examination: During evaluation
on day I8 all the external anomalies of embryos
examined were detected and photographed.

Visualization of the embryonal skeletal
system anomalies: Cartilage and bone staining,
improved by Minoru Inouye (8) and modified in our
laboratory (9,10), was used for the examination.

For the evaluation of the results, the number of
dead, malformed and growth retarded embryos
were given for every group in Table I,

Statistical Analysis: Statistical Analysis was
performed by Chi-square tests and reported as the
percent occurrence.

RESULTS

In this study developmental anomalies due (o
exogenously given free radicals and vitamin C were
examined in chick embryos. The mortality
incidence was significantly higher in the experi-
mental group as compared to the control group
(P>0.05).

Anomaly incidence was higher in the Vit C
group when compared with control group (Table 1)
(P<0.05).

The anomaly types were also evaluated accor-
ding to the types of given agents (Table 2). In the L-
Arginine administered group, anomalies were
commonly observed in extremities (25%).
Especially extention of hindlimbs and extreme
flexion of foot were striking (Fig. 1). After the
clearing process, bone bendings were observed in
hindlimbs. In addition to this, when double staining
was applied to the samples it was seen that bone



Table | : Incidence of abnormalities in chick embryos treated with I-Arginine, ascorbic acid and L-Arginine+Ascorbic acid.

Groups Number of Number of dead embryos With

fertilized eggs anomaly (%)
Alive Early Late Total (%)

Control 18 17 1 0 1(5.5) 1 (5.50)

10° M l-arginin 12 6 5 1 6 (50.0)* 3 (25.00)

mg Vitamin C 14 8 2 4 6 (44.0)* 5(35.71)*

102 M l-arginin 18 T 4 7 11 (61.0)* 3 (16.66)

+
Vit C

Table 2 : Anomaly types.

Groups Number of detected anomalies
Open Extremity Anoph- Other eye Beak
abdominal anomalies talmie anomalies anomaly Other Total
wall (%) (%) (%) (%) (%) (%) (%)
Control - - - - 1 | 2(11
10° M l-arginin - 3 (25.00) 1 (8.33) 1(8.33) 1(8.33) - 6 (50)
mg Vitamin C 1(7.14) 1(7.14) 1(7.14) 2 (14.25) 2(14.28) 1(7.14) 8(57)
10 M l-arginin 1 (5.50) 2(11.11) 1i(5:55) - 1 (5.55) 1(5.55) 6 (33)
+
Vit C

* P <0.05 when compared with respective control group.

diaphyses were not stained red by Alizarin red-S, the other hand, extremity anomalies were observed
which emphasizes the lack of development in the L- in 11.11% of the samples in L-Arginine + Vit C
Arginine group. In the Vit C group only a few given group (Fig. 2, 3).

extremity anomalies were observed (7.14%). On

Fig. | : L- Arginine given group: Extreme extention of hindlimb. Fig. 2 : Control group: Forelimb of a double stained chick

HL : Hindlimb, P: Foot, V: Extra abdominal localization of the embryo.D: Bone diaphysis. Alizarin red-s and Alcian blue. X
viscera, ---> : Extreme extention. 6.7.
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Besides the extremity anomalies, some other
anomalies were also observed. For instance, the
number of anterior abdominal wall defects were the
same in Vit C and combination of Vit C and L-
Arginin groups (7.14 % and 5.50 % respectively)
(Fig. 4, 5), but no such anomalies were present in L-
Arginine given group (Table 2).

Anophthalmia was observed in all groups
except the control group and no significant
differences were observed among the other groups
(Fig. 6) (Table 2). Dimensional differences

Fig. 3 : L-Arginine given group: Forelimb of a double stained
chick embryo. D: Bone diaphysis. Alizarin red-s and Alcian
blue. X 6.7.

Fig. 5 : Vit C group: Complete absence of hindlimb and
extraabdominal localization of the viscera. V: Extra abdominal
localization of the viscera, FL: Forelimb, UB: Hypoplasic upper
beak, *: Abnormal vertebral development.
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between the two eyes were also encountered and the
most significant differences were observed in Vit C
given group (14.25%).

The highest incidence of beak anomalies were
also found in the Vit C group (14.28%). Though no
beak anomalies were observed, the whole beak was
stained red by Alizarin red-S in the control group,
in the Vit C group the beak was hypoplasic. There
was delay in the ossification of the beak as in the
extremities. In the Vit C group the beaks were
stained blue by Alcian blue, the ossified part stained

Fig. 4 : Control group: Morphologically normal chick embryo.
HL: Hindlimb, P: Paws.

Fig. 6 : Control and L-Arginine chick embryos: Anophthalmic
and extreme extention of hindlimb in L-Arginine given group.
A : Anophthalmia, ---> : Extreme extention.



red by Alizarin red-S was seen only at the tip of the
beak (Fig. 7,8).

Vertebral column and pelvic bones were
examined by using the double staining method.
Vertebral bodies, transverse processes and pelvic
bones developed completely (Fig. 9). In the L-
Arginine group all the vertebral bodies were joined
to each other (vertebral fusion) and anatomical
details of the vertebras could not be observed
clearly. The complete absence of hindlimb bones
was striking (Fig. 10).

7 : o
Fig. 7 : Control group: Morphologically normal beak. UB:

Upper beak, LB: Lower beak. Alizarin red-s and Alcian blue.

X6.7.

Fig. 9 : Control group: Morphologically normal pelvic bones
and vertebral column. VC: Vertebral column, PB: Pelvic bones.

Alizarin red-s and Alcian blue. X 6.7.

DISCUSSION

The main purpose of this study is to protect
chick embryos by means of Ascorbic acid against
the dysmorphogenic effects, which are induced by
Nitric Oxide.

In previous studies of teratology certain
teratological agents were given to chick embryos
and several types of disorders were observed in
their developmental processes. The teratological
effects of such agents could change due to their

LB

Fig. 8 : L-Arginine + Vit C given group: Hypoplasic beak. UB:
Hypoplasic upper beak, LB: Lower beak. Alizarin red-s and
Alcian blue. X 6.7.

Fig. 10 : L-Arginine given group: Absence of hindlimb and
vertebral fusion. =: Vertebral fusion and complete absence ol
hindlimb bones. Alizarin red-s and Alcian blue. X 6.7.
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dosage.

Jelinek et al. studied 117 agents that are
embryotoxic on chick embryos and reported that
only four of these (allylamin, chlorchinolin,
methylparation, phenobarbital) were completely
embryolethal while the others were embryolethal
only in high dosages (6).

In addition the mortality incidence was
significantly higher in drug-given group. The
highest mortality rate was observed in L-Arginine
and Vit C (61%) and then in L-Arginine (50%) and
Vit C (44%) given groups respectively.

Free radicals destroy the stability of connective
tissue and lessen the viscosity of the synovial fluid
affecting hyaluronic acid, a glucosaminoglycan
that has a significant effect on the viscosity of
synovial fluid (11). L- Arginine is used as a major
source of Nitric Oxide in the developmental
toxicity bioassays (12). Several types of cells also
produce NO from L-Arginine in-vitro (13-15).

In this study, after the clearing process and
double staining, bone bendings and narrowing of
joint space were observed in hindlimbs and bone
diaphyses were observed unstained in red by
Alizarin red-S.

Ascorbic acid, depending upon whether it is in
the oxidized or reduced state, can function
biologically as either a pro-oxidant or oxygen-
radical scavenger. Whether it functions as a pro or
anti-oxidant in a particular situation will also
depend on the concentration and availability of
other reactants (15). Our study was also designed to
evaluate  the embryotoxicity and
dysmorphogenesis of ascorbic acid in the presence
of exogenous reactive Nitric Oxide.

Mayer and Bengtsson et al. in their studies in
1988 observed some vertebral deformities in some
types of fish due to the depletion of ascorbic acid
(16, 17). Wegger and Palludan examined the
hematological and skeletal anomalies due to Vit C
in fetal developmental period (18). They reported
swellings in costochondral junctions and
ephiphyseal plates which were seperated from the
spongious tissue in ribs and lower limbs. In addition
to this, subperiostal hemorrhagies were also
observed.

Among all the anomalies observed in the study
the higher incidence was observed in the Vit C-
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group when compared with control group (57%).
Interestingly, in the L-Arginine + Vit C group the
incidence of the anomalies were lower than the
other drug-given groups (33 %).

CONCLUSION

According to the results of the study it could be
claimed that NO was effective in cell and tissue
differentiation. This effect of NO could clearly be
observed in the skeletal system. Although Img/ml
Vit C could cause significant anomalies when given
alone, in the L-Arginine + Vit C group the
incidence of anomalies was lower than the other
drug-given groups.
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