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Abstract

Tyrosine ammonia lyase is an enzyme in the natural phenol biosynthesis pathway. L-tyrosine is deaminated to p-Coumaric
acid with the help of the enzyme tyrosine ammonia lyase. Tyrosine Ammonia Lyase (TAL) is extracted from the leaves
of Persea americana. Diosgenin involved in the inhibition of intracellular tyrosinase is extracted along with the enzyme
Tyrosine Ammonia Lyase from leaves of Persea americana, significantly increasing the activity of Tyrosine Ammonia Lyase.
Diosgenin in the current study on analysis is highly increasing the activity of enzymes. The ability of the enzyme along with
diosgenin to increase the activity of the enzyme is analysed in the current study. The enzyme along with diosgenin is used for
depigmentation of skin. The methodology of protein separation on treatment with acetone was utilized for the extraction of
the enzyme. p-Coumaric acid formation detected using a UV-Visible spectrophotometer at 380nm confirmed the presence
of the enzyme. Defatting followed by microwave-assisted extraction and ultrasound-assisted extraction methodology were
used for the extraction of diosgenin from leaves of Persea americana. The role of diosgenin in increasing the activity of
the enzyme was carried out by analysing the enzyme activity at 410nm. The enzyme-activating ability of diosgenin was
compared with that of magnesium sulphate-purified Tyrosine Ammonia Lyase enzyme and sodium sulphate-purified
Tyrosine Ammonia Lyase enzyme. Zebrafish embryos were used as model organisms for the conduction of in vivo studies.
kojic acid was used as a control in the in vivo studies to compare the effect of the enzyme extracted along with the diosgenin
with that of kojic acid.
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1. Introduction

The mechanism of inhibition of melanin pigment
has been widely studied in the current period’. Many
pharmaceutical companies are largely involved in
the discovery of elements which are involved in the
inhibition of melanin synthesis that can be used as
a source to the treatment of hyperpigmentation.
Hyperpigmentation is a condition where an excess
amount of melanin pigment is released because of the
conversion of a large amount of tyrosine to melanin
leading to darker skin colour’. The objective of the
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current study is to inhibit the conversion of L-tyrosine
to further products in the melanin synthesis pathway
leading to depigmentation utilizing the enzyme
Tyrosine ammonia lyase, an enzyme involved in the
deamination of L-tyrosine to p-Coumaric acid’. Persea
americana containing a huge amount of nutrition,
antioxidant and biochemical profile is marketed as
a superfood”’. In the current study, leaves of Persea
americana have been used in the extraction of Tyrosine
Ammonia Lyase for depigmentation. The human skin
colour based on the melanin pigment is divided into
two categories: Constitutive or intrinsic skin colour and

Accepted on: 29.08.2023



Facultative or inducible skin colour’. The genetically
determined cutaneous melanin pigmentation is
designated by constitutive skin colour, facultative level
is characterised as the increase in the level of melanin
pigmentation above the constitutive level that is
obtained from a complex interplay of solar radiations
and hormones™®. Solar radiation leading to facultative
skin colour changes is known as suntan’. In the current
study, the darkening of the skin colour due to the
hormonal and suntanning effects is treated through the
process of depigmentation of the particular area where
excess melanin pigment is expressed®. There have been
numerous beauty products manufacturing companies
that have been involved in manufacturing many
products leading to depigmentation; all these beauty
products contain many synthetic chemical agents that
act as major components in depigmentation, leading
to effects that are temporary and also give rise to
many side effects like effecting the inner membrane
linings that will slowly show the effect, as a result
of this an attempt has been made to use natural
elements extracted from natural resource to obtain
depigmentation in the above study’. Persea americana,
commonly known as avocado, is a species of Mexico
Central America'’. Oil of Persea americana has been
widely used for many Dermatological applications
- the use of Persea americana in the treatment of
many Health-related conditions has been reported
by ethnopharmacological information. Research
work has also proved that Persea Americana may
improve hypercholesteremia and has shown many
positive effects in the treatment of hypertension,
inflammatory conditions, and diabetes'''*. The leaves
of Persea americana are involved in the treatment
of many disorders due to the presence of many
important vitamins and minerals in them. Diosgenin, a
biologically active phytochemical has significantly been
utilized for the treatment of various types of diseased
conditions like inflammation, hypercholesteremia and
cancer (Figure 1)'. This steroid has been proved to be
the subject of interest worldwide by many researchers
due to its huge industrial importance, especially in
the field of cosmetics manufacturing industries'”.
The tremendous anti-inflammatory properties of
diosgenin make it suitable for its use in dermatological
Products. Diosgenin extract has been proven to have
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Structure of diosgenin.

Figure 1.

a great amount of anti-collagenase effect proving to
be suitable for its use in anti-ageing products, hence
justifying itself to be a rich element in fighting many
skin degenerative syndromes'®. Considering all its
applications, in the above study, diosgenin has been
targeted to be used as an element increasing the activity
of Tyrosine Ammonia lyase to increase the activity of
the enzyme in comparison with that of kojic acid that is
been used as control.

Zebrafish Danio is a freshwater species belonging to
the minnow family of Cypriniforms order'”. Zebrafish
is a significantly used vertebrate model organism
in research by scientists due to its fully sequenced
genome'®. The embryonic development stages of
Zebrafish embryos are well studied. Zebrafish is an
organism that was cloned first in the research area'.
The embryos of Zebrafish Danios are transparent, with
natural pigments’.

2. Materials

Reagents: Chilled acetone, chilled distilled water,
embryonic water, Tris HCI, HCl 1(N), L-tyrosine,
methanol, MnSO, NH,SO,, kojic acid, hexane solvent,
ethanol, diosgenin, methanol, p-anisaldehyde, ethyl
acetate, H,SO, L-ascorbic acid.

Instruments: Chilled grinder, cooling centrifuge,
UV-spectrophotometer, incubator, breeding tank, ph-
meter, soxhlet apparatus, reflux unit, ultrasound bath,
microwave, magnetic stirrer.

Other Requirements: Mortar and pestle, glass
wares, centrifuge tubes, micropipettes, fresh leaves of
Persea americana.
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3. Methods

3.1 Extraction and Isolation of Tyrosine
Ammonia Lyase

Persea americana leaves were collected from northern
areas of Bangalore. The water content of the leaves
was removed completely by drying them at room
temperature. 26.6 g of leaves were weighed and ground
with 100 ml of distilled water using a mixer grinder.
The muslin cloth was used and the prepared mixture
was filtered. The obtained filtrate was measured using
a measuring cylinder. The volume of the measured
cylinder was found to be 110 ml, it was then refrigerated
in the freezer for 24 hrs’'. An equal amount of chilled
acetone was added to the filtrate and kept undisturbed
at -2°C for 24 hrs in a deep freezer. After precipitation
two layers were formed, the upper layer was discarded
and the precipitate containing protein was collected.
The precipitate obtained was then centrifuged at 5000
rpm for 5 minutes at low temperature in a cooling
centrifuge. The pallet obtained after the process of
centrifugation was collected, it was washed using
acetone and the obtained mixture was then poured into
Petri plates to dry the acetone present in it. The acetone
powder obtained was weighed. 1.0 g of the powder
was homogenized with 20 ml of 1 mM Tris HCI (pH
8.2) in a pestle and mortar. The mixture obtained was
centrifuged at 5000 rpm for 5 mins. The crude enzyme
extract was obtained in a supernatant form, which was
used for further analysis””.

3.2 Assay of Tyrosine Ammonia Lyase

Reaction mixture tubes T, T,, and T; were prepared, T,
tube was prepared using 0.5 ml of enzyme source, 0.2
ml of ImM L-Tyrosine (substrate) and 1.3 ml of 0.1M
Tris HCI buffer (pH 8.9). T, was prepared using 1 ml of
enzyme source, 0.2 ml of ImM L-Tyrosine(substrate)
and 0.8 ml of 0.IM Tris HCI buffer (pH 8.9). T; was
prepared using 1.5 ml of enzyme source, 0.2 ml of ImM
L-Tyrosine (substrate) and 0.6 ml of 0.IM Tris HCl
buffer (pH 8.9). A control tube was also prepared using
1 ml of distilled water instead of enzyme extract, 0.2
ml of ImM L-Tyrosine (substrate) and 0.8 ml of ImM
Tris HCI buffer (pH 8.9). All the tubes were incubated
in an incubator at 37°C for 30 mins. After incubation
reaction is terminated by the addition of 0.5 ml of 1N
HCI. Tyrosine Ammonium Lyase enzyme deaminates
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L-Tyrosine and produces p-coumaric acid with the
release of ammonia. Then it was quantitatively measured
by using a UV-Visible spectrophotometer at 380nm****.

4. Enzyme Activity Analysis using
Diosgenin Extracted from Persea
americana

Diosgenin, a steroid an element that inhibits melanin
production, is extracted from leaves of Persea
americana to analyse its ability to increase the activity
of Tyrosine Ammonia Lyase by defatting followed by
Microwave-assisted extraction and ultrasound-assisted

extraction’>%°,

4.1 Defatting

About 100 g of fresh leaves of Persea americana were
weighed. The leaves were washed thoroughly and dried
completely. The dried leaves of Persea americana were
powdered finely using a mixer grinder. 20 g of fine
powder of Persea americana leaves were taken and
defatted using a Soxhlet apparatus. 10 g was accurately
taken, and appropriately sized thimbles were made.
100 ml of hexane solvent was used, and the sample was
defatted. About four cycles were carried out that lasted
around for 4 hrs”".

4.2 Extraction by Microwave-Assisted
Extraction (MAE)

Microwave-assisted extraction of leaves of Persea
americana was performed?. 2 g of defatted sample was
weighed and taken in a conical flask, and 10 ml of 80%
of ethanol 1:5 w/v was added to the sample. Extraction
of the sample was carried out in a microwave (IFB,
Microwave oven) at 200W for 50s and 80s, respectively.
The extracted sample was centrifuged at 200 rpm for
10 mins. The obtained supernatant was filtered using
a Whatman filter paper No. 1. The obtained filtrate
was evaporated for a period of two days. The obtained
product was then dissolved in ethanol to give a 5%
concentration of extract. The sample obtained was used
for analysis of enzyme activity.

4.3 Extraction by Ultrasound-Assisted
Extraction (UAE)

Ultrasound-assisted extraction of defatted leaves of

t29

Persea americana was carried out””. An ultrasound
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bath was used for extracting the sample. 2 g of defatted
sample was weighed in a 50 ml conical flask 10 ml of 80%
ethanol was added to the sample 1:5 w/v solid to sample
ratio was maintained similar to that of microwave-
assisted Extraction. The extraction was carried out for
5-6 mins”. The obtained extract was filtered using a
Whatman filter paper No. 1. The obtained filtrate was
evaporated for two days. The sample obtained was used
for analysis of enzyme activity.

4.4 Analysis

The obtained extracts were used and made up to a
concentration of 10 pg/ml. Four test tubes marked
as Control, T, T, and T; were taken. 1 ml of distilled
water followed by 0.8 ml of Tris HCI buffer and 0.2 ml of
Tyrosine were taken in the test tube marked as control.
The T, test tube contained 1 ml of the untreated enzyme
(without the diosgenin-containing extract), 0.8 ml of Tris
HCI buffer 0.2 ml of Tyrosine.1 ml of enzyme extract,
0.8ml of Tris HCI buffer, 0.2 ml of tyrosine and 0.2 ml
of Microwave-assisted extract was added in T), test tube,
whereas Ty wasadded with 1 ml of 1 ml of enzyme extract,
0.2 ml of tyrosine, 0.8 ml of Tris HCI buffer followed by
0.2 ml of ultrasound-assisted extract. Incubation of all
the test tubes was carried out at 37°C for 30 mins. 0.5
ml of IN HCI was used to terminate the reaction after
incubation. The UV-visible spectrophotometer was used
to measure the samples quantitatively at 410 nm?.

5. Enzyme Activity Analysis using
Partially Purified Enzyme from
NH,SO, and MnSO,

5.1 Purification of Enzyme using NH4S04

The NH,SO, Purification method is used to purify
proteins by altering their solubility. The solubility of
proteins decreases at low salt concentrations. Salting in
and salting out are the two commonly used methods.
The salting out method was used in the purification of
Tyrosine Ammonia Lyase. About 0.286 g of NH,SO,
salt was weighed and added to 2 ml of diluted extract
of the enzyme (50% dilution), and it was kept in ice
bath followed by constant stirring. The solution was
centrifuged for about 8 mins at 5000 rpm. The obtained
pellet was dissolved in 2 ml of Tris HCI buffer of pH
8.9. Test tubes marked as Control, T, and T, were taken
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for further estimations. The control tube was added
with 1 ml of distilled water, 0.2 ml of Tyrosine and
0.8 ml of Tris HCI buffer (pH 8.2). 1 ml of untreated
enzyme extract followed by 0.8 ml of Tris HCI bufter
(pH 8.2) and 0.2 ml of Tyrosine was added in T,
whereas T; was added with 1 ml of NH,SO, purified
enzyme, 0.2 ml of Tyrosine and 0.8 ml of Tris HCl
buffer (pH-8.2). All the tubes were incubated for about
30 minutes at room temperature. 0.5 ml of 1IN HCI
was used to terminate the reaction after incubation.
UV-visible spectrophotometer was used to measure it
quantitatively at 410 nm?.

5.2 Purification of Enzyme using MnSO4

Enzymes were purified using the MnSO, purification
method where all unwanted biomolecules and nucleic
acids were removed to prevent their interference with
the substrate. About 1.69 g of MnSO, was utilized and
added drop by drop gradually to 2 ml of the diluted
enzyme extract that was placed on the ice bath followed
by continuous stirring. The solution was centrifuged
for about 8 mins at 5000 rpm. The obtained pellet was
dissolved in 2 ml of Tris HCI buffer of pH 8.9. Test tubes
marked as Control, T, and T, were taken for further
estimations appropriately. The control tube was added
with 1 ml of distilled water, 0.2 ml of Tyrosine and
0.8 ml of Tris HCI buffer (pH 8.2). 1 ml of untreated
enzyme extract followed by 0.8 ml of Tris HCI buffer
(pH 8.2) and 0.2 ml of Tyrosine was added in T,
whereas T; was added with 1 ml of NH,SO, purified
enzyme, 0.2 ml of Tyrosine and 0.8 ml of Tris HCI
buffer (pH 8.2). All the tubes were incubated for about
30 minutes at room temperature. 0.5 ml of 1IN HCl
was used to terminate the reaction after incubation.
UV-visible spectrophotometer was used to measure it
quantitatively at 410 nm?.

6. In Vivo Experimental Study on
Zebrafish Danios

Zebrafish were maintained in lab conditions and allowed
to mate in a breeding tank. Embryos of Zebrafish
were taken after 20 hrs of egg fertilization before the
pigmentation was produced and transferred in a Petri
plate containingembryo water. Embryos were maintained
under proper lab condition and their developmental
stages were observed under microscope’">’.
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Figure 2.

6.1 Experiment on Zebrafish (In Vivo): to
Obtain Depigmentation

Embryos of Zebrafish were taken after 20 hrs of
fertilization before the pigmentation*’ was produced
and kept in Petri plates containing embryo water. Six
small petri plates were taken and marked as untreated,
control, T;, T,, T; and T,. In each Petri plate, three
embryos and 2 ml of embryo water were taken. Then
0.1 ml of kojic acid was added to the plate marked as
control. 0.1 and 0.3 ml of enzyme extract were added
to T, T, samples. 0.1 ml of the enzyme along with
MAE diosgenin and UAE diosgenin was added to
plates marked as T, and T,, and the untreated plate
was left as such without enzyme. All the plates were
kept at optimum temperature and observed under
the microscope after 24 hrs. After observation, the
embryo water was cleaned and the plates were again
added with samples. Then, it was kept at optimal
temperature and observed after 24 hrs for better

results>'®.

7. Results

The presence of the enzyme tyrosine ammonia lyase
was confirmed in the leaves of Persea americana. The
standard conditions were followed and the enzyme assay
was performed. The UV-visible spectrophotometer
was utilized to find the activity of the enzyme at 380

nm? Diosgenin was extracted from the leaves of

Persea americana®,

extraction method and ultrasound-assisted extraction

where in microwave-assisted
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Quantitative analysis of p-coumaric acid.

method were utilized to extract the diosgenin. The
extracted diosgenin significantly increased the
activity of the enzyme Tyrosine ammonia lyase on
analysing the activity of the enzyme using a UV-visible
spectrophotometer at 410 nm, and hence, was proved
to be an activator of the enzyme Tyrosine Ammonia
Lyase. NH,SO, and MnSO, salts were utilized in
partially purifying the enzyme to analyse the activity
of the partially purified enzyme with that of the crude
enzyme extract. In vivo studies performed utilizing
Zebrafish embryos showed a high depigmenting effect
in the samples in which enzyme extract was utilized.
The effect of depigmentation of enzyme samples on
Zebrafish embryos was compared with that of samples
where kojic acid was used as a control®. The enzyme
Tyrosine Ammonia Lyase along with microwave-
assisted extract of diosgenin showed a high level of
similarity with kojic acid on comparison.

7.1 Enzyme Assay of Tyrosine Ammonia
Lyase extracted from Persea americana

Each experiment was performed in triplicate, and the
results are presented as Mean+S.D. Figure 2 shows that
the sample marked as T showed the formation of a high
amount of P-Coumaric acid as a result of deamination
of L-Tyrosine that was assayed quantitatively at 380
nm, where 1.5 ml of enzyme source was taken when
compared to that of T, and T, in which 0.5 ml and 1
ml of enzyme sample was added, indicating that a
gradual rise was seen in the formation of the product
P-Coumaric acid on deamination of L-Tyrosine by the
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enzyme Tyrosine Ammonia Lyase with the increasing
volume of enzyme sample utilized for assay that
was quantitatively measured at 380nm. The control
indicated that there was no formation of P-Coumaric
acid observed, as the enzyme sample extract was not
added in the test tube marked as control.

7.2 Enzyme Activity Analysis using
Diosgenin Extracted from Persea
americana

Each experiment was performed in triplicates, and the
results are presented as Mean+S.D.

Quantification of P-Coumaric acid formed was used
to analyse the activity of the TAL enzyme. Diosgenin
obtained from the leaves of Persea americana increased
the activity of the enzyme Tyrosine Ammonia Lyase
when added to the test samples containing crude enzyme
extract. It was extracted by Microwave-assisted extraction
method and ultrasound-assisted extraction method.
Enzyme in the test sample containing microwave assisted
diosgenin extract showed a high increase in the activity
of the enzyme when compared to that of diosgenin
extracted from ultrasound-assisted extraction method.
The enzyme extracts along with diosgenin extracted from
the microwave-assisted extraction method showed an
increase in the ability of the enzyme to form P-Coumaric
acid as a result of deamination of L-Tyrosine by the
enzyme in comparison with that of the enzyme-containing
ultrasound-assisted extract (Figure 3).

1454 Extraction and Isolation of Tyrosine Ammonia Lyase (TAL) and Diosgenin...

7.3 Enzyme Activity Analysis using Partially
Purified Enzyme from
NH4504 and MnSO4

Each experiment was performed in triplicates, and the
results are presented as Mean+S.D. The activity of the
TAL enzyme was analysed by quantifying the amount
of P-Coumaric acid formed as a result of the reaction
of the enzyme with that of substrate Tyrosine, where
the capability of Tyrosine Ammonia lyase to deaminate
Tyrosine to p-coumaric acid was examined. The amount
of P-Coumaric acid formed by the enzyme extract
was examined, and the enzyme partially purified with
Ammonium sulphate, and enzyme partially purified
with magnesium sulphate were assessed. The enzyme
purified with ammonium sulphate and magnesium
sulphate showed a decrease in the activity of the enzyme
when compared to that of the unpurified crude enzyme
(Figure 4).

7.4 InVivo Experimental Study on Zebrafish
Danios

The obtained eggs of Zebrafish danios were collected
very carefully from the breeding tank. The eggs were
placed in different Petri plates containing embryo
watermarked as test samples and control. The eggs in
the petri plate were placed in a sterilized incubator.
The eggs in each Petri plate were visualized under the
microscope to examine their viability and to analyse

Enzyme activity with Diosgenin
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Figure 3. Activity of Tyrosine Ammonia Lyase (TAL).

Journal of Natural Remedies | ISSN: 2320-3358

http://www.informaticsjournals.com/index.php/jnr | Vol 23 (4) | October 2023



S. Umme Umaima, Kavitha G. Singh and V. Veeraraghavan [l %)

Activity of partially purified enzyme
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Figure 4. Activity assay of partially purified Tyrosine Ammonia Lyase (TAL).

each development stage of the embryos inside the eggs.
The selected eggs with well-developing embryos are
chosen to carry out further tests (Figures 5-8).

7.5 Experiment on Zebrafish (In Vivo) to
Achieve Depigmentation

Figures 9-14 represent that the development of pigment

was marked in embryos that were not treated with the

enzyme sample. A slight pigment development was still

Figure 6. Zebrafish eggs under 40x. magnification.

observed in embryos that were treated with 0.1 ml of
enzyme extract, whereas higher depigmentation similar
to embryos which were treated with control containing
2% kojic acid was marked in embryos that were treated
with 0.3 ml of enzyme extract. Clear Depigmentation
was marked in embryos that were treated with a
mixture of TAL enzyme and Microwave assisted
extracted diosgenin and enzyme with ultrasound-
assisted extracted diosgenin proving that diosgenin
acted as a potent activator of TAL enzyme.

Figure 5. Zebrafish eggs in embryo water.
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Figure 7. Embryo development inside an egg.

Figure 8.

Developed embryo.

8. Conclusion

The main objective of our study was to identify a natural
compound and utilize it for depigmenting the area of
the skin, where an excess amount of melanin pigment is
released from the melanin pigment production pathway
and darkens the area of the skin to a greater extent, the
enzyme Tyrosine ammonia lyase that has been extracted
from the leaves of Persea americana is utilized in the
treatment of such hyperpigmentation conditions and
Suntans that has been proved significantly from the in
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Figure 9. Untreated without TAL enzyme.

Figure 10. Control 2% kojic acid.

vivo studies that has been carried out on the Zebrafish
embryos, where in kojic acid a skin whitening chemical
element is used as control to compare the effect of
Tyrosine ammonia lyase extracted with that of kojic
acid. The enzyme Tyrosine ammonia lyase extracted
from leaves of Persea americana showed a similar
effect as that of kojic acid used as control. Diosgenin, a
melanin-inhibiting element extracted from the leaves of
the same plant acted as a potent activator and increased
the activity of the enzyme showing a markable significant
effect of depigmentation. This particular study carried
out indicates that the use of natural enzymes extracted
from plants along with their natural activating elements
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Figure 11. 0.1 ml of TAL enzyme. Figure 13. 0.1 ml of TAL with MAE of diosgenin.

Figure 12. 0.3 ml of TAL enzyme. Figure 14. 0.1 ml of TAL with UAE of diosgenin.
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