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ABSTRACT

Steroid hormones (H) and tetracycline antibiot-
ics (T) are considered two important classes of
veterinary therapeutic agents administrated to live-
stock for different purposes that have been detect-
ed for many environmental matrices in wide con-
centrations range. The effect of progesterone
(Pro), androstenedione (4-AD), androstadienedi-
one (1,4-AD) and tetracycline antibiotics namely
oxytetracycline (OTC), chlortetracycline (CTC) and
tetracycline (TC) on arugula plants (Eruca sativa)
growth and biochemical composition was investi-
gated. Compost and potassium permanganate
were applied to minimizing the negative effect of
veterinary therapeutic agents on plant. A pot ex-
periment was conducted at the greenhouse of Ag-
ricultural Research Center (ARC) at Giza Gover-
norate, Egypt. Soil fortified with 2 mg kg'1 of H and
T target compounds individually and combined was
used to study their effect on chlorophyll, proline,
catalase (CAT), and peroxidase (POD) activities as
antioxidant enzyme and plant growth. Under this
experiment conditions; the obtained results
showed that veterinary therapeutic agents caused
increased the content of proline, however chloro-
phyll content was increased as a result of H appli-
cation and decreased with T application. Both CAT
and POD activities were increased, especially with
the combined mixture application. Potassium per-
manganate or compost can be used for remedia-
tion procedures in veterinary therapeutic agents
contaminated soils.
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INTRODUCTION

Steroid hormones (H) and antibiotics (T) are
considered two important classes of veterinary
therapeutic agents administrated to livestock for
many purposes that have been detected for many
environmental matrices in wide range of concentra-
tions.

Various plants have been found to uptake and
accumulate these compounds. Lorenzen et al
(2004) noticed that broiler litter contained approxi-
mately 55 and 30 mg kg'1 of estradiol and testos-
terone respectively, and breeder litter contained
approximately 70, and 23 to 30 mg kg'l of both
respectively. While androstenedione (4-AD) and
progesterone (Pro) concentrations in fresh manure
were below detection limit; surprisingly their con-
centrations in the surface soil reached 60 ng g'1
(Mansell et al 2011). Zheng et al 2007 noticed an
increase in progesterone concentrations when
dairy manure was aged, with concentrations in-
creasing from below detection limits to about 200
ng g over two weeks. Kumar et al (2005a) found
that the levels of antibiotics in animal manures
ranged from trace levels up to 200 mg kg™. Admin-
istration of antibiotics via oral or intramuscular in-
jection into the animals cannot be absorbed com-
pletely; therefore most of them which excreted with
urine and feces as prototype or metabolites were
calculated about 40 - 90% of the dose admitted.
For example, the amount of chlortetracycline
(CTC) at the treatment pool of pig’'s manure could
be up to 1 mg kg'1 (Campagnolo et al 2002),
whereas the amount of TC in liquid organic fertiliz-
er could reach to 20 mg.kg'1 (Hamscher et al
2002). Thus, when utilizing manures as organic
fertilizers containing untreated antibiotics to agri-
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cultural soil, these antibiotics become the major
sources of veterinary antibiotics in the soil envi-
ronment. The widespread and global usage of
steroids and antibiotics has made their occurrence
present in the environment in natural and artificial
systems. Soil, sediment, sludge, groundwater,
wastewater, surface water, plants, and aquatic
animals have been reported for contamination of
steroid hormones and antibiotics (Matsui et al
2008). Kumar et al (2005b) determined three
plants uptake, green onion, cabbage, corn from
spiked soil with chlortetracycline (CTC), tylosin
(TYL) and from fortified manure applied soils. Their
data showed that plants take up just CTC in fresh
green onion and cabbage. In another study, where
the phytotoxic effect of tetracycline on Iberis sem-
pervirens L., plants where antibiotic induced a
large reduction in plant growth and development
and inhibition of photosynthetic activity. As TC may
cause oxidative stress in plants that try to balance
this disequilibrium by scavenging ROS is generally
via increasing the amount and activity of some
endogenous enzyme antioxidant agents (SOD,
CAT) and levels of antiradical secondary metabo-
lites (Di Marco et al 2014). Genisel et al (2015)
induced plant tolerance to lead toxicity (1.75 mM)
by treating wheat seeds with B-estradiol (10 uM)
either apart or combined, where B-estradiol re-
duced oxidative damage and improved the antioxi-
dant system. While lead uptake was not prohibited
by hormone addition, it stimulated the accumula-
tion in plant roots.

The goal of this work was to investigate the ef-
fect for two types of veterinary pharmaceutical
agents; steroid hormones and tetracycline antibiot-
ics individually and combined on growth and chem-
ical composition of arugula plant and to test natural
and chemical oxidation approaches using compost
and potassium permanganate to reduce plant up-
take of target compounds thus reducing their ad-
verse effects on plant tissues.

MATERIALS AND METHODS

A pot experiment was conducted at the green-
house of ARC, Giza Governorate, Egypt. This
study was carried out to test the effect of the se-
lected steroidal hormones (H) and antibiotics (T)
individually and combined (HT) on the biochemical
composition of Eruca sativa plant, in addition to
test natural and chemical oxidation approaches
using compost at5 g kg'1 and KMnO4 at 20 mg kg'1
to the soil to reduce plant uptake of target com-
pounds thus reducing their adverse effects on

plant tissues. The target compounds of steroidal
hormones were Pro, 4-AD and 1,4-AD. The antibi-
otic target compounds were OTC, CTC and TC
that added in a solution at 2 mg kg'l to the soil after
4 days of germination. Seven arugula seeds were
planted in each pot (10 cm diameter, 1 kg soil) with
three replicates. Experiment was designed in com-
plete randomize design. The sampling times were
at 13, 20, and 27 days after germination.

Eight applications were used in three replicates
as the following:

1. The soil solely as a control (C)

2. Soil + KMnQO4 (O)

3. Soil + target compounds (Hor T or HT)

4. Soil +target compounds + KmnO4 (Hor T or
HT +O)

5. Soil + compost (M)

6. Soil +compost+ KmnO4 (M+0)

7. Soil +compost+ target compounds (H or T
or HT+M)

8. Soil +target compounds +
KmnO4 (H or T or HT + M+ O)

compost+

Determination of chlorophyll content

Chlorophylls a and b were extracted from the
sample in acetone. Their concentrations were de-
termined spectrophotometrically by measuring the
absorbance of the extract. The resulting absorb-
ance measurements were then applied to a stand-
ard equation. Collected supernatants and were
calorimetrically measured at 646 nm for chlorophyll
a, and at 663 nm for chlorophyll b, to an UV-VIS
spectrophotometer (Perkin Elmer Lambda 25).
According to Lichtenthaler and Wellburn (1983)
relationship equations chlorophyll content was
measured as lanculov et al., 2005

Chla=12.21. (A653) -2.81. (A545),

Chlb=20.13. (Ae4e) -5.03. (Aeea)

Determination of Proline

Concentration of proline was calorimetrically
measured using ninhydrin reagent according to
Bates et al (1973). The frozen plant material was
homogenized in 3% aqueous sulphosalicylic acid
(0.01g/ 0.5 ml). One ml of the homogenized tissue
reacts with one ml acid-ninhdrin and one ml of gla-
cial acetic acid in a test tube for one hour at 100°C
and the reaction is terminated in an ice bath. The
reaction mixture was extracted with 2 ml toluene,
mixed vigorously and left at room temperature for
30 min until separation of the two phases. The
chromophore-containing toluene (1 ml, upper
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phase) was warmed to room temperature and its
optical density was measured at 520 nm using
toluene for a blank. The proline concentration was
determined from a standard curve using D-Proline.

Enzyme extraction

For antioxidant enzyme assays, frozen leaves
were ground to a fine powder with liquid nitrogen
and were extracted with ice-cold 0.1M Tris-HCI
buffer (pH 7.5) containing 5% (w/v) sucrose and
0.1% 2-mercaptoethanol (3:1 buffer volume/FW).
The homogenate was centrifuged at 10 000 g for
20 min, at 4°C, and the supernatant was used for
enzyme activity.

Enzymes assay
A: Catalase determination

CAT activity was determined by monitoring the
disappearance of H,O, at 240 nm (¢ = 40mM™
cm™) according to the method of Aebi (1984). The
reaction mixture contained 50mM K-phosphate
buffer (pH 7.0), 33 mM H»>0, and enzyme extract.

B: Peroxidase determination

POD activity was determined at 436 nm by its
ability to convert guaiacol to tetraguaiacol (e=
26.6mM™ cm™) according to the method of Polle
et al. (1994). The reaction mixture contained
100mM K-phosphate buffer (pH 7.0), 20.1mM
guaiacol, 10mM H»0, and enzyme extract. The
increase in absorbance was recorded by the addi-
tion of H.O, at 436 nm for 5 min.

Statistical Analysis

All data were statistically analyzed using Mstatc
computer program according to procedures out-
lined by Freed and Scott, (1986).

RESULTS AND DISCUSSION

Effect of pharmaceutical target compounds on
chlorophyll content in plant

Steroid hormones and tetracyclines individually
and combined-treated plants grown in soil were
analyzed to determine their content of chlorophyll.
Fig.1 shows the chlorophyll content in treated plant
with steroid hormones (A), tetracyclines (B) and a
mixture of both (C). The highest chlorophyll values

were recorded for H and M+H treatments. In these
treatments, chlorophyll reached 1.4- and 1.3-fold
that of control, respectively. It was also found that
the content of chlorophyll was insignificantly de-
creased as a result of applied KMnO4 compared
without KMnO, application. Chlorophyll content as
a result of H+O and M+H+O treatments reached
1.2-fold that of control.

Data of photosynthetic pigments showed that H
application increased photosynthetic pigments and
improved the ability of photosynthesis in plant. The
present results were similar to that recorded for the
increases of chlorophyll under steroidal hormone
study by Czerpak and Szamrej (2003) where B-
estradiol 10°M B-estradiol caused the strongest
stimulatory effect on photosynthetic pigments in
the range of 116 -121% in comparison to the con-
trol treatment. On the other hand, concerning the
effect of T compounds significantly caused a re-
ductionin chlorophyll content of plant leaves rela-
tively to control. Decrease percent reached to
14%, for T treatments. The present results are in
agreement with that recorded for the decreases of
chlorophyll under antibiotic stress as reported by
Margas et al (2016). Michelini et al (2012) where
a decrease in chlorophyll content induced by sul-
phadimetoxine antibiotic in Salix fragilis L. The
data are in agreement with Di Marco et al 2014
that contributed the negative effect of tetracycline
on chlorophyll due to an inhibition of enzyme activi-
ties involved in the synthesis of chlorophyll mole-
cules. The effect of combined T and steroidal H on
chlorophyll content of plant shows that the chloro-
phyll contents were increased. The highest values
of chlorophyll contents were observed in HT and
M+HT treatments, however the lowest values rec-
orded for the control treatment.

Effect of pharmaceutical target compounds on
proline content in plant

Eruca sativa plants grown in fortified soil with
steroid hormones and tetracyclines individually and
combined were used to assess their content of
proline. Fig.2 shows proline content in treated
plant with steroid hormones (A), tetracyclines (B)
and a mixture of both (C). Under this experiment
conditions, H treatment resulted in a significant
increment of proline content in plants in a compari-
son with the control treatment. The KMnO4 and C
treatments values were close and were almost
insignificant whether in absence or presence of
compost. It is worth to mention that compost
treatment affected the proline content negatively in
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Fig. 1. Chlorophyll content in leaf extract of Eruca sativa grown in contaminated soil treated with
hormones (A), tetracycline (B), and a mixture of both (C).
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Fig. 2. Proline content in leaf extract of Eruca sativa grown in fortified soil treated with hormones
(A), tetracycline (B), and a mixture of both (C).

a significant way. The content of proline was in the
following increasing order: M< M+O< O and H+O<
C< M+H+O< M+H< H. Data of the effect of tetra-
cycline antibiotic on plants’ proline content indicate
a marked increment in proline content as a result
of both of tetracycline antibiotic treatment (T) and
M+T treatment compared with control. The signifi-
cant increases in the proline contents, relative to
control, were 2.5 and 2.6-folds that of control for T
and M+T treatments, respectively.

Progressive decrements were observed in pro-
line content as results of M+O and T+M+O treat-
ments application, where the decrease percentage
in a comparison to the control reached to 47.7 and
37.6%, respectively. Data of the effect of a mixture
of both of T antibiotics and T on proline content of
plant show a progressive increments in proline in
plants that treated with a mixture of T antibiotic and
H, these significant increment induced by HT and
M+HT treatments reached up to 2.7-fold that of
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control treatment. Generally, the contents of pro-
line in plants of Eruca sativa were clearly affected
by the pharmaceutical compounds applied. Proline
can act as a source for cellular membrane osmotic
adjustment. The obtained data are in agreement
with that of Erdal (2012) who recorded that accu-
mulation in proline in plant under estradiol applica-
tion, also Sherafatmandjour et al (2013) found
that estradiol at 10°M positively affected fennel
plant growth and development

Effect of pharmaceutical target compounds on
antioxidative enzyme activities in plants

The obtained results from Eruca sativa plants
grown in fortified soil with steroid hormones and
tetracyclines individually and combined were used
to evaluate their catalase (CAT) and peroxidase
(POD) enzymes activities. Fig. 3 shows the CAT
and POD enzymes activities in treated plant with
steroid hormones (A), tetracyclines (B) and a mix-
ture of both (C) indicated that the CAT and POD
activities were markedly increased in all different
treatments (tetracycline or steroidal individually or
combined) compared with control. Concerning the
effect of selected steroidal hormone on antioxida-
tive enzymes activities of Eruca sativa plants, the
highest activity was observed in M+H, H, M+H+O,
M+0O for CAT that reached 3.8, 2.7, 2.2, 2.2-folds
compared to control. Regarding POD, the highest
values were noticed for H and H+O treatments that
reached compared to control. Data reveal that the
application of tetracycline, the highest significant
values of CAT are recorded for M+T, T and T+O
treatments, however for POD they are recorded for
T, T+O. In general, plants treated with tetracycline
had higher CAT and POD activities than that un-
treated plants, the increase in catalase activity was
3.5, 2.9 and 2.2-fold for M+T, T and T+O treat-
ments, respectively. The increase in peroxidase
activity was 2.9, 1.6 and 1.2-fold for T, T+O and
M+T treatments respectively.

Significant effect of remediation approach by
KMnO4 or compost application on catalase and
peroxidase activities was observed. Regarding the
effect of the combination of TC and steroidal hor-
mone on anti-oxidative enzyme of Eruca sativa
plants at different times, it is evident that both CAT
and POD noticed in the following increasing mag-
nitude: M+HT>T> T+O> M+HT+O. Significant ef-
fect of remediation by potassium permanganate or
compost on CAT and POD was observed.

The present data are agreement with those ob-
tained by Erdal and Dumlupinar (2010) who stud-
ied the effects of progesterone and B-estradiol on
CAT and POD during germination and post-
germination stages of chickpea seeds and noticed
an increment in both CAT and POD activities.

Effect of pharmaceutical compounds on growth
of plant

Fig. 4. Shows that Eruca sativa plants’ growth
influenced by steroid hormones (A), tetracyclines
(B) and a mixture of both (C). H treatment aug-
mented the growth of Eruca Sativa plant compared
to the control. The maximum growth was recorded
as 55%, 40% and 32% for H, H+O and M+H treat-
ment compared to control. Our results are in
agreement with Erdal (2012) that implied stimulat-
ing effects of human steroid hormone application
on plants were due to increase in antioxidant ac-
tivities in plant cells, which in turn enhance the
plant resistance to environmental stresses. Yang
et al (2005) characterized a putative Membrane
Steroid Binding that binds progesterone with high
affinity and functions in regulating growth in Ara-
bidopsis. Estrogen binding proteins were reported
in Solanaceae (Milanesi and Boland) and these
steroid binding proteins specific for progesterone
and 17B-estradiol were reported in Triticum aes-
tivum (Janeczko et al 2008). Concerning the ef-
fect of tetracycline on plant growth, it diminished
the growth of plants by 35% and 33%, for T and
M+T treatments, respectively. There is insignificant
difference between the other treatments. The phy-
totoxicity of an antibiotic to plants may be mani-
fested by inhibition of germination and growth.
These results are in agreement with Adomas et al
2013 who found that low doses of enrofloxacin
inhibited lupin germination and elongation growth.
Regarding combination of H and T treatment effect
on plant growth. The highest growth was recorded
at HT+O, P and M+HA+QO treatments compared to
control.

The obtained results showed that veterinary
therapeutic agents stress caused typical biochemi-
cal changes in plants concerning the contents of
chlorophyll, proline, and antioxidative enzyme ac-
tivities. Potassium permanganate or compost can
be used for remediation procedures in pharmaceu-
tical compounds contaminated soils. Remediation
by potassium permanganate or compost could be
used as an in situ, in wide space area, and low
cost.
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Fig. 3. Catalase and peroxidase enzymes activities in leaf extract of Eruca sativa grown in fortified
soil treated with hormones (A), tetracycline (B), and a mixture of both (C).
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Fig. 4. Fresh weight of Eruca sativa grown in fortified soil treated with hormones (A), tetracycline

(B), and a mixture of both (C)
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