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ABSTRACT

Anti-neoplastic agents used in chemotherapy for cancer are observed
to cause deleterious adverse effects. In present study Adriamycin
administration resulted in developmental deformities showing
teratogenic effects on the developing chick embryos in dose verses
time dependent manner. The treated group of chick embryos showed
decrease in the weight vis-a-vis reduction in the volume of amniotic
fluid probably due to reduced transport of albumin; oxidative stress
caused by generation of free radicals, disturbed ionic channels and/or
inactivation of signal transduction pathways. Thus liver acting as a
major sink for detoxification of harmful metabolites gets damaged,
leaking its contents that diffuse through vascular tissues raising levels
of marker enzymes like AST, ALT, ALP and LDH in amniotic fluid
when compared with control group of chick embryos (p<0.05).
However levels of marker enzymes were radically reduced (p<0.01)
in a dose-dependent manner, when pretreated with alcoholic leaf
extract of vitex negundo Linn. The photomicrographs of liver with
Adriamycin treatment showed cellular swelling of hepatocytes with
diffused mononuclear cell infiltration in hepatic parenchyma,
derangement of hepatic cords, granular cytoplasmic and vacuolar
changes indicative of hepatic degeneration. On treatment with crude
herbal drug, liver under stress of Adriamycin revealed mild degree of
pathological alterations of degenerative nature in hepatocytes with
focal marginal changes in hepatic parenchyma without any
inflammation. This may be a sign of the hepatoprotective effect of
herbal extract due to presence of phenolics, flavonoids and other
compounds over Adriamycin induced histopathological changes in
liver.
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INTRODUCTION

Anti-tumor drugs are observed to
cause detrimental consequences in the
embryos of human and experimental
animals. Adriamycin (ADR) synonymously
known as Doxorubicin is one of the most
active anti-neoplastic agents developed for
the treatment of tumors of various types viz.
acute leukemia’s, malignant lymphomas,
head and neck, breast, bladder, endometrial,
hepatic and prostate cancers. The
morphological effects of Adriamycin on
chick, mice and rat embryos in-vivo are well
documented by eminent researchers in

ast”!>13#2 At significantly elevated doses
ADR is genotoxic and carcinogenic.
Adriamycin as an anti-cancer drug functions
by redox cycling of ADR semiquinine
radical, intercalation of DNA, meddling in
the functioning of DNA topoisomerase II,
inhibition of transcription and translation
activities, disquieting the cellular functions.
Within the cell ADR interacts with several
enzymes like oxidoreductases. Literature
from animals and humans data suggest that
most of the anti-neoplastic drugs may have
lethal effects on the foetus causing increased
incidence of prematurity, intrauterine
growth retardation, stillbirths and lower
birth weight'*. Adriamycin toxicity is of
grave concern during gestation period
causing malformation and teratogenenic
defects in developing foetus. Study on
several animal models have also shown a
high risk of congenital anomalies, which in
humans occur mainly when the anti-cancer
drugs are administered during the first
trimester of pregnancyM.

The chick embryo is proved to be a
well known animal model that has been
comprehensively studied since Aristotle's
time'®. An escalating significance of chick
embryo as a substitute animal model for the
research in Biosciences over the mammalian
models is correlated to its simplicity and
close to the ground cost. Furthermore, moral

precincts and restrictions on use of the
mammalian models are escalating by its leap
and bound. Also the study on amniotic fluid
is widely validated in clinical diagnosis and
management, never the less analysis of
amniotic fluid is well thought-out as an
Index of foetal health. Even though chick
embryos are less extensively used for the
assessment of new drug carriers, the United
States FDA has approved products pre-
clinically tested with chick embryos'’.

Since time immemorial mankind has
been exploiting the medicinal potential of
herbal extracts through Ayurveda, Siddha
and Unani system of medication across
Asia. Modern form of medication
sporadically causes side effects that have
made herbal drugs a promising prospect
through the alternative form of medicines.
The crude extracts of herbal drugs often
have mixture of compounds: the mere
consortia of molecules could be responsible
to augment the efficacy of drug for its
defensive and/or curative effects. Hence
crude leaf extract of vitex nmegundo Linn.
contains most important constituents
containing phenolics and, flavonoids akin to
casticin, isoorientin, chrysophenol-D, lute-
olin, p-hydroxybenzoic acid and D-fructose.
The main constituents of the oil
are sabinene, linalool, terpinen-4-ol, B-cary-
ophyllene and o-guaiene. Vitex negundo
Linn. also called ‘Nirgundi’ belonging to
Family: Verbenaceae was wused in the
present investigation (Fig. 2). Nirgundi is
extensively  used in folk  medicine
in South and Southeast Asia. Heated
nirgundi leaves are tied over the affected
part in headache, scrotal swelling, synovitis,
arthritic pain and rheumatism. Leaves
decoction is used for bath and in
endometritis, colitis and orchitis. In naso-
oral infections like pharyngitis, stomatitis,
sinusitis and common cold, gargles with the
decoction of leaves or even smoke of the
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heated dry leaves is effective. In vitro and
animal studies have shown that the plant has
potential anti-inﬂammatoryS, antibacterialm,
antifungal'® and  analgesic’ activities.
Consequently the present study focuses on
the embryo protective activity of vitex
negundo Linn. on Adriamycin induced
toxicity in the developing chick embryo.

MATERIALS AND METHODS

The fresh leaves were collected
locally from in and around Mumbai and
authenticated (59971), Fig. 2. The leaves
were shade dried for a week and powdered
using a grinder. The sieved powder of leaves
was subjected to soxhlet extraction using
ethanol that gave high extractive value. The
extract was filtered and ethanol was vacuum
evaporated at 55°C. The alcoholic extract was
then stored at -20°C until further use.
Adriamycin  (Doxorubicin  hydrochloride)
from Pfizer was procured and used. All other
chemicals and reagents were of analytical
grade and purchased from Merck, Lobachem
and Qualigens. The diagnostic kits for
biochemical assays were purchased from
Span Diagnostics and Biolabs Pvt. Ltd.

Incubation and maintenance of eggs

The zero-day old freshly laid fertilized
eggs were procured from Central Poultry
Farm (WR), Government of India, Goregaon,
Mumbai, Maharashtra (India). The eggs were
cleaned with distilled water, wiped with 70%
alcohol and placed in incubator set at 37°C
with relative humidity of 58-60% maintained
by keeping tray filled with water inside the
incubator. The eggs were rotated manually
and examined through candling every day for
the proper growth and viability. The eggs
with dead embryos were immediately
removed from the incubator. Eggs were
candled to locate the injection site for the
administration of the drug, avoiding
membrane bound blood vessels that were
marked 2.0 cm below the air sac'®.

Embryo toxicity study

The 12 days old chick embryos were
selected after candling for the toxicity studies.
These eggs were divided into four groups
containing six embryos in each group. Based
on the LDsy values, embryos were
administered with Adriamycin (50, 60 and 70
ug) on 12t day. Simultaneously normal saline
was administered in embryos of control group
by injecting into air sac. After administration,
the injection site was sealed with molten
paraffin and eggs were returned to incubator
for further incubation. The embryos were
scored for morphological alterations; change
in volume of amniotic fluid and body weight,
if any at the end of 48 hours of incubation by
comparing ADR treated groups with the
respective control.

Experimental design

To study embryo protective effect of
alcoholic leaf extract of vitfex negundo Linn.
in Adriamycin induced toxicity in chick
embryos experimental set up was divided into
five groups of six embryos each (Table 1).
The embryo protective role of leaf extract was
assessed after 48 hrs. of incubation and
treatment.

Collection of embryonic tissues, amniotic
fluid and biochemical analysis

After experimental period of 48 hrs,
12 days old embryos were sacrificed by
opening air sac. Embryos were dissected;
vital tissues were collected aseptically and
stored at -20°C until further use. Amniotic
fluid was collected aseptically from incubated
eggs and centrifuged at 3000 rpm for 10 min.
to remove cellular debris. Clear supernatant
was used for biochemical assays of marker
enzymes like Alanine Aminotransferase',
Aspartate  Aminotransferase'”,  Alkaline
Phosphatase'' and Lactate Dehydrogenase® in
the amniotic fluid.
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Histopathology of embryonic tissues

Liver tissue was immediately washed
in chilled saline and fixed in neutral formalin
fixative to prevent autolysis and preserve the
shape, structure and chemical constituents of
the tissue®. After 24 hrs. of fixation the tissue
were dehydrated with alcohol and subjected
to the process of infiltration in paraffin wax
(M.P. 52-54°C). Paraffin blocks were
prepared and sections were cut on the
microtome at 4-Sum thickness. The ribbons
were taken on slides and passed through
xylene to dewax the tissue. The dewaxed
tissues were dehydrated with alcohol. The
tissues were stained with  Erhlich’s
Haematoxylene and Eosin Y stains’. Finally
the sections were mounted in Diether
Plasticizer Xylene and photomicrographs
were taken using digital camera.

Statistical analysis

All the results were expressed as
mean =+ standard error for six embryos in each
group. Statistical software Origin 8.5 was
used for analysis of variance. Significance
was measured as p<0.05 and p<0.01
respectively.

RESULTS AND DISCUSSION

The chemical structure of Adriamycin
is prone to free-radical formation; in addition,
its administration also causes a decrease in
intracellular antioxidants normally
responsible  for preventing free-radical
damage". The present study revealed a
considerable decrease in the volume of
amniotic fluid and weight of the 12 days old
developing chick embryos on exposure to
Adriamycin when compared with the control
group of chick embryo in a dose verses time
dependent manner (Table 2). In the embryos
there is an antioxidant/pro-oxidant balance in
tissues, which accounts for normal embryonic
development and post-hatch chick viability™.
ADR induces production of free radicals,
which along with reactive metabolites are

either detoxified by complexing with
glutathione that is considered to be critical in
protection  against embryo toxicants'.
However in absence of glutathione and/or due
to its reduction throughout the embryonic
development, the free radicals generated
might be reacting with macromolecules
resulting in damage of the tissues. The
reduction in the volume of amniotic fluid and
weight of in the ADR treated developing
chick embryos signify relative toxic effect of
ADR at higher doses (70ug). Since the toxic
metabolites probably might be getting
detoxified especially in liver by forming
complexes with glutathione at lower doses but
unable to do so in decreased concentration of
glutathione at higher dose and/or due to its
scarcity in developing chick embryos.

The developing chick embryo not
only derives nourishment but also protection
from the amniotic fluid enclosed within the
amnion. This fluid is rich in nutrients as well
as mineral like proteins, carbohydrates,
phospholipids, urea and electrolytes that serve
to sustain the growth of the developing
embryo. Amount of these constituents in
amniotic fluid can be used as a diagnostic tool
in the progress of development and growth of
the embryo. Similar observations were also
reported by other researchers” that justifies for
the evaluation of biochemical constituents in
the amniotic fluid. Shingadia and Dalvie
(2014) reported momentous changes in the
concentration of Urea, Uric acid, Creatinine,
Sodium, Potassium, Calcium and Inorganic
Phosphorus in the amniotic fluid of chick
embryos and  correlated it  with
pathohistological changes in the kidneys of
developing chick embryos under stress of
ADR. However noteworthy ameliorative role
of leaf extract of V. negundo Linn. was also
reported by the duo in their study. Alterations
in the volume of amniotic fluid due to various
teratogenic agents have been reported in past
by many workers®. Albumin enters the
amniotic fluid wvia the sero-amniotic
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connection that nourishes and protects the
developing chick embryo; however free
radicals generated by ADR might have altered
the mechanism of transport of albumin
causing momentous decline in the volume of
amniotic fluid and resulting in decrease in the
weight of the developing chick embryos.

Changes induced by Adriamycin in levels of
marker enzymes in amniotic fluid of chick
embryo

A considerable increase (P<0.01) in
activity of marker enzymes like AST, ALT,
ALP and LDH was observed in ADR treated
group of chick embryos (Table 3: Fig. 1).
Trivial alterations were observed in Group 3
animals that were administered with ethanolic
leaf extract of vitex negundo when compared
with control Group 1 of chick embryos.
Increased levels of these enzymes in amniotic
fluid on ADR administration might be due to
the effect of ADR on hepatic tissue possibly
causing leakage of these enzymes into the
amniotic fluid. ALP is a prototype of hepatic
marker enzyme that reflects the pathological
alterations in flow of bile'’. ALP, ALT, AST
and LDH levels were significantly normalized
(P<0.01) in a dose-dependent manner, when
pretreated with leaf extract of V. negundo
Linn. Cytosolic enzymes viz. LDH, AST and
ALT which serve as the diagnostic markers
leak out from the damaged tissue to blood
stream when cell membrane becomes
permeable or ruptures’. The amount of these
cellular enzymes in amniotic fluid reflects the
alteration in plasma membrane integrity
and/or permeability’. However in a similar
study on rats® no significant change in AST
and ALT levels was observed during
administration of hydro alcoholic extract of
pomegranate. Consequently these enzyme
levels were considerably (P<0.01)
normalized, when pretreated (6 hrs. prior to
administration of ADR) with leaf extract of
vitex negundo Linn. (Group 4 and 5) in a

dose-dependent manner at the end of 48 hrs.
of incubation, after the treatment of ADR.

ADR induced histopathological changes in
liver of chick embryo

ADR is known to inhibit various
pumps and alter different ionic channels in the
cells. It also inactivates the signal
transduction pathways of the cell. The
pathological changes in the liver tissue are
triggered by the ADR induced oxidative
stress. The much greater tendency to develop
ADR toxicity in liver tissue may be due to
accumulation of ADR as evidenced by
histopathological examination.

Group 1 (Control)

The tissue section of liver of Group 1
embryos showed normal histological
architecture (Fig. 3) with well formed hepatic
parenchyma along with central vein and
hepatic cords and also focal areas of
aggregated nucleated RBCs suggestive of
extra medullary foci of haemopoiesis.

Group 2 [Adriamycin (70 pg/egg)]

Photomicrographs showed substantial
degree of pathological alterations in Liver as
compared to all other groups (Fig. 4). The
sections of liver showed diffused cellular
swelling of hepatocytes with diffused
lymphoid cell infiltration in hepatic
parenchyma. The cytoplasm of hepatocytes
was characterized by vacuolation.
Derangement of hepatic cords with break in
continuity of hepatic cords leading to pseudo-
lobular pattern with grouping of three to five
hepatocytes, granular cytoplasmic and
vacuolar changes indicative of hepatic
degeneration was apparent evident. These
damaged hepatic cords leaked the enzymes
that diffused into amniotic fluid altering its
biochemical constituents.
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Group 3 [Extract control group (200 ug of
extract/egg)]

The liver sections from Group 3
showed normal hepatic parenchyma without
focal changes in hepatocytes (Fig. 5) that
signify the protective effect of herbal drug
under study. Hepatoprotective activity of vitex
negundo Linn. is well documented by
workers' in past that corroborates with the
present findings.

Group 4 [Dose 1 (100 pg of extract/egg) +
Adriamycin (70 pg/egg)]

The photomicrograph of liver from
Group 4 revealed mild degree of pathological
alterations of degenerative nature in
hepatocytes. The cytoplasm in hepatocytes
showed reduced vacuolation, reduction in
number of pycnotic nuclei and less
derangement of hepatic cord (Fig. 6).
Apparently liver parenchyma appeared near
normal and reduced effect of Adriamycin
induced pathological changes observed due to
protective effect of herbal drug vitex negundo
Linn was evident.

Group 5 [Dose 2 (200 ug of extract/egg) +
Adriamycin (70 pg/egg)]

The Photomicrograph of liver from
group 5 insignificant degenerative changes in
hepatic parenchyma with more or less normal
appearance of hepatocytes (Fig. 7). There was
titular infiltration of  mononuclear
cells/Lymphocytes (in opposition to observed
in photomicrograph of liver in Group 2).
Hepatocytes retained its polygonal shape and
hepatic cords retained its linear arrangement.
This may perhaps indicate the protective
consequence of herbal extract over
Adriamycin induced pathological changes in
hepatic tissue.

CONCLUSION

Due to the paucity of antioxidants for
embryo protection against anti-neoplastic
agents, newer and better herbal drugs need to

be developed with antioxidant potentials that
are efficient in maintaining peroxidant /
antioxidant balance. Hence in the present
investigation pretreatment with ethanolic leaf
extract of vitex negundo proved beneficial by
restoring antioxidant balance and biochemical
variables in developing chick embryos.
Nonetheless further characterization of herbal
drug necessitates the efficacy studies. Larger
trials are obligatory before it is recommended
for clinical exercise in future, though it carries
immense prospective to be developed as drug
for pharmaceutical diligence.
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Table 1. Experimental protocol

Experimental

Dosage

Groups
Group 1

Control (Normal

saline)

Group 2

Adriamycin (70 pg/egg)

Group 3

Extract control (200 pg of extract/egg)

Group 4

Dose 1 - Six hours prior to administration of ADR (100 pg of
extract/egg) + Adriamycin (70 pg/egg)

Group 5

Dose 2 - Six hours prior to administration of ADR (200 ug of
extract/egg) + Adriamycin (70 pg/egg)

Table 2. Weight of 12 days old chick embryo and volume of amniotic fluid after 48 hrs. of
Adriamycin treatment (n=6 mean + SE **P<0.01, *P<0.05)

Parameters Exposure Group 1 Group 2 Group 3 Group 4
period (Control) (ADR 50pg) (ADR 60pg) (ADR70ug)
Weight of
embryo 48 hrs. 9.28+0.08 8.72+0.03** 7.32+0.04** 6.65+0.11*
(G/egg wt.)
Volume of
amniotic fluid 48 hrs. 5.5+0.15 4.9+0.20* 3.3+ 0.12* 3.95+0.09**
(mL/embryo)

Table 3. Concentration of marker enzymes in amniotic fluid after 48 hrs. of Adriamycin
treatment (n=6 mean + SE **P<0.01, *P<0.05)

AST ALT ALP LDH
(1u/L) (1U/L) (1U/L) (1U/L)
Group 1 14.75 + 0.08 25.06 +0.21 6.94 + 0.04 33.91+0.13
(Control)
Group 2
47 £ 0. .14 +0.2 15.9+0.12 .76 £ 0.
(ADR 70p.g) 30.47 £ 0.09 39.14 £ 0.28 5910 63.76 £ 0.08
Group 3
.08 £ 0. 17+0.1 7.12 £ 0. 45+0.2
(LE 200p1g) 15.08 + 0.05 26.17 £ 0.16 0.03 35.45+£0.26
Group 4
(LE 100pg + 26.28+0.17** | 33.87+0.05** | 12.27+0.22* | 57.04 % 0.05**
ADR 70ug)
Group 5
(LE 200pg + 22.45 +0.19* 27.8 +0.08* 9.51+0.06** | 48.16+0.11*
ADR 70ug)
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Figure 1. Concentration of marker enzymes in amniotic fluid after 48 hrs. of Adriamycin
treatment (n=6 mean + SE **P<0.01, *P<0.05)

Figure 2. Vitex negundo Linn. Leaves used in preparation of

alcoholic herbal extract
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Figure 3. Photomicrograph of Liver from Grp. 1 showing
normal architecture if tissue. (HEx200)

Figure 4. Photomicrograph of Liver from Grp.2 showing
mononuclear / lymphocyte infiltration, vacuolation and
derangement of hepatic cords. (HEx200)
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Figure 5. Photomicrograph of Liver from Grp.3 showing
normal hepatic parenchyma with focal minimal changes in
hepatocytes. (HEx200)

Figure 6. Photomicrograph of Liver from Grp.4 showing
mild degree of degenerative changes in hepatocytes.
(HEx200)
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Figure 7. Photomicrograph of Liver from Grp. 5 showing no
degenerative changes in the liver tissue. (HEx200)
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