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Abstract

Background: Lactuca sativa is an edible plant commonly used by local communities to manage diabetes and stom-
ach problems.

Methods: This work aimed to investigate the anti-oxidant, anticancer, antidiabetic and Anti-Alzheimer effects of
hydroponically (HyL) and soil-grown (Sol)) Lactuca sativa. Streptozotocin-induced diabetes and AlCl;-induced Alzhei-
mer’s disease model was used to evaluate the medicinal effects of Lactuca sativa.

Results: Hyl showed significant activity in lipid peroxidation assay, DPPH and DNA protection assay, while Sol
extract showed moderated activity, respectively. A similar activity response was quantified for a-glucosidase,
a-amylase, acetylcholinesterase and butyrylcholinesterase inhibition assays. The cytotoxic potential of Hyl and Sol
extracts against MCF7, and HePG2 cancer cell lines exhibited significant activity. HyL and Sol showed a substantial
decrease in blood glucose levels in streptozotocin-induced diabetic rats. Diabetes-related liver/kidney biomarkers
and anti-oxidant enzyme trends moved toward normal after HyL and Sol treatment. In Anti-Alzheimer’s based Morris
water and elevated plus maze tests, HyL and Sol displayed memory-enhancing response and anti-anxiety behaviour,
respectively. HPLC quantification of dopamine and serotonin revealed a moderate but significant (p<0.05) increase in
the level of these neurotransmitters in Hyl and Sol. groups.

Conclusion: Overall, the study revealed that hydroponic Lactuca sativa possesses the therapeutic potential to treat
diseases like Alzheimer's and diabetes.

Keywords: Anticholinesterase, Antidiabetic, Anti-oxidants, Cytotoxic potential, Lactuca sativa, Neurotransmitters,
HPLC

Introduction

Diabetes, known as a metabolic disorder, is the insensitiv-
ity or deficiency of insulin [1]. Prolonged diabetic impair-
ments may lead to secondary complications. Clinical
studies have reported association neurodegeneration like
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Alzheimer’s disease with diabetes [2, 3]. It is proposed
that diabetes induces changes in glucose metabolism,
vascular structure, function and insulin signalling. Addi-
tionally, numerous epidemiological evidence suggests
that diabetes is associated with cognitive impairment [4].
This association promotes the resistance of insulin, sig-
nalling of insulin growth factor (IGF), oxidative stress,
neurofibrillary tangle formation, amyloid-beta Af3 forma-
tion and regulation of acetylcholine esterase activity [2].
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The recent concept suggests that early development of
cognitive dysfunction is caused by the deficiency of glu-
cose utilisation by the brain [2, 4, 5]. In addition, a human
post-mortem study disclosed IGF and insulin resistance/
impairments in signal transduction mechanism [6]. Brain
insulin resistance is generally established due to low insu-
lin or/and IGF receptors levels, while deficiencies of insu-
lin and IGF are associated with expression changes in the
brain [7]. Researchers termed Alzheimer’s disease “type-
3-diabetes” because of shared mechanisms among type-
1-diabetes and type-2-diabetes [8]. Diabetic patients have
more prevalence of cognitive decrease and a higher risk
of developing different types of dementia [9]. This cogni-
tive decline in diabetic persons mainly affects learning
behaviour and memory, psychomotor efficiency, atten-
tion, mental speed and flexibility, and executive function
[10].

Currently, the main focus of the research is toward the
evaluation of insulin resistance and insulin deficiency as
potential mediators of neurodegeneration. Primely, dia-
betes causes oxidative stress, brain insulin resistance, and
cognitive impairment [11]. Extensive deficiency in brain
insulin and IGF signalling leads to early and progres-
sive disturbance, which could be responsible for the bio-
chemical, molecular and/or histopathological lesions in
Alzheimer’s disease [7, 8, 12]. The streptozotocin (STZ)
induced model in rodents is generally used for diabetes
studies [13]. STZ is a glucosamine-nitrosourea com-
pound that causes B-cells cytotoxicity in pancreatic islets,
causing insulin deficiency [14]. Numerous reports docu-
mented that STZ is responsible for the increase of AP
oligomers levels in rodent’s brains and diabetes [2, 4, 14].
Evidence suggests that soluble AB oligomers induce syn-
aptic dysfunction. Additionally, it is also reported in the
literature that STZ also increases the levels of 3-secretase
in the brains of rodents without any significant changes
in mRNA levels [2, 14]. These reports evidence the effects
of insulin deficiency leading to AP abnormalities in the
brain caused by STZ.

Natural products have long been and still are the
source of treatment and prevention of different disorders,
including cancer. Increasing emphasis has been focused
on the research on traditional medicine, including many
herbs and plants. This requires new approaches to over-
come diseases, and thus natural products could be effica-
cious sources for the prevention and treatment of these
diseases [15—20]. Lettuce (Lactuca sativa) is a leafy veg-
etable belonging to the Asteraceae family known for its
medicinal properties [21]. Its value in the human diet
has been documented for various health-promoting and
nutritive constituents, such as phytochemicals, calcium,
vitamin A, C, E and iron, which are known to prevent
multiple diseases [22]. The seed oil of L. sativa has been
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reported for hypnotic, sedative, analgesic, and anticon-
vulsant properties along with anti-nociceptive and anti-
inflammatory activities [23]. Adesso et al. [24] reported
a detailed study showing the effect of lettuce extracts on
the iNOC and COX-2 pathway. This study indicated that
L. sativa extracts strongly inhibit the expression of COX-
2, TNF-a and IL-6, which are the inflammatory cytokines
by inhibiting the pro-inflammatory transcription factor,
P65 NF-«B translocation in J774A.1 macrophage cell line
[24].

In a former study conducted by our group, in vitro
bioassays showed that rol genes (rol A and rol C) signifi-
cantly enhanced the capability of lettuce to inhibit dipep-
tidyl peptidase-4, a-glucosidase and stimulated GLP-1
secretion [25]. The ethanolic extract of L. sativa has
been reported for its shielding effects against D-galac-
tose-mediated oxidative damage in neurons, inhibition
of H,0,-induced neurotoxicity and protection against
ischemia-induced neurotoxicity [26]. A research stated
that due to scavenging activity and greater phenolic
content, an aqueous extract of the lettuce seeds guards
against cell death and AB-mediated oxidative stress in
hippocampal neurons [27]. Lettuce is also reported to
reduce lipofuscin granules and protect against oxidative
stress [28]. Extract of lettuce on memory was evaluated
through Morris water maze and elevated plus-maze tasks
for object recognition in addition to biochemical factors
[29]. This study revealed that lettuce has the potential
for memory enhancement against scopolamine-induced
memory deficiencies.

The chemical analysis studies of lettuce confirmed
the presence of lactucin, lactucopicrin, deoxylactucin,
15-oxalyl and 8-sulfate conjugates of the guaianolide and
sesquiterpene lactones, along with polyphenols like chlo-
rogenic acid, epicatechin, vanillin, caffeic acid, sinapic
acid, rutin hydrate, p-coumaric acid, quercetin-3-rham-
noside and quercitin [25, 26, 28]. The medicinal prop-
erties of L. sativa are believed to be due to the presence
of these components. However, detailed mechanisms of
these components are yet to find out. Considering the
beneficial effects, the present study was aimed to inves-
tigate the impact of hydroponically (HyL) and soil-grown
(SoL) lettuce on anti-oxidant defence systems, enzyme
inhibition, cytotoxic response, streptozotocin-induced
diabetes and aluminium chloride-induced neurotoxicity
in rats.

Methods

Plant cultivation and extract preparation

The seeds of Grand Rapids (cv) lettuce (Lactuca sativa)
were bought from Awan Seed Store, Rawalpindi, Pakistan
and voucher-128,085 was submitted in the “Herbarium
of medicinal Plants of Pakistan Quaid-i-Azam University
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Islamabad” Plant cultivation under study was carried out
as per guidelines of National Environmental Policy [30].
For organic lettuce, seeds were germinated in a mixture
of agricultural soil, and sand (3:1) watered using half-
strength Hoagland’s solution at 24°C maintained at 8/16
night/day photo-period. On the other side, L. sativa
plants were grown hydroponically using a Hydroponics
Film Kit under greenhouse conditions at 24°C. The aerial
part was harvested from hydroponically grown lettuce
(HyL) and soil-grown lettuce (SoL) for the experiment.
The material was dried under shade, ground to powder,
and macerated in analytical grade methanol. After fre-
quent shaking/mixing for 5 days, solvents were filtered
using Whatman#1 filter paper. The filtrate was dried at
40°C under a vacuum hood to obtain the methanolic
extracts of HyL and SoL, respectively. These extracts
were kept at — 20°C for further processing.

In vitro assessment

Total phenolic contents (TPC)

TPC were measured with Folin-Ciocalteu reagent as
reported previously by Ismail et al. [31]. For the experi-
ment, 4pl (1mg/ml) of each extract was added in wells
of 96-well plate, and 98 ul of Folin-Ciocalteu reagent (10-
fold diluted) was mixed. The reaction mixture was incu-
bated at room temperature for 5 minutes, and 98 ul of
sodium carbonate (6%) was added. The resulting mixture
was incubated at 25°C for 90min, and absorbance was
recorded at 725 nm with a BioTek plate reader (Elx 800).
Total phenolic contents were expressed as Gallic acid
equivalents.

Total flavonoid contents (TFC)

The aluminium chloride colourimetric method was per-
formed to estimate TFC as described previously [32].
Four microliter of each sample (1 mg/ml) were indepen-
dently mixed with 10ul aluminium chloride (10%), 10 pl
of potassium acetate (1M) and 176l dH,O in wells
of 96-well plate. The resulting mixture was incubated
at room temperature for 30min, and absorbance was
recorded at 405nm with a BioTek plate reader (Elx 800).
Total flavonoid contents were expressed as Quercetin
equivalents.

Total anti-oxidant capacity (TAC)

TAC of the extracts was calculated by the phosphomo-
lybdenum method as reported by Kayani et al. [33]. In
reaction mixture 4 pl (1 mg/ml) of each extract was added
with 196l of reagent solutions (sodium phosphate
(28 mM), ammonium molybdate (4mM) and sulfuric
acid (0.6 M)). The reaction mixture was then incubated
for 90 min at 95°C in the water bath, and absorbance was
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recorded at 630 nm with a BioTek plate reader (Elx 800).
The anti-oxidant capacity of extracts was expressed as
ascorbic acid equivalent.

Total reducing power (TRP)

The TRP of the extracts was investigated by Sajid et al.
[34]. The assay was performed with 20ul (1 mg/ml) of
extract added with 490 pl of phosphate buffer (0.2 M) and
490 ul of potassium ferricyanide (1%). The mixture was
then incubated for 20min at 50°C. After that, 500 ul of
trichloroacetic acid (10%) was mixed, and the mixture
was centrifuged for 10min at 3000rpm. Five hundred
microliter from the upper layer was taken and mixed
with 100 pl of ferric cyanide (0.1%). Then absorbance was
recorded at 630 nm with a BioTek plate reader (Elx 800).
The reducing power of extracts was expressed as ascorbic
acid equivalent.

Anti-oxidant assays

DPPH assay

The anti-oxidant potential of extracts to scavenge the
DPPH free radicals was investigated by the method
described by Ismail et al. [35]. One hundred ninety-five
microliter freshly prepared DPPH (0.1 mM) solution was
mixed with 5pul of each extract (1, 0.5, 0.25mg/ml) in
96-well plate respectively. The plates were then incubated
in the dark at 37°C for 30 min, and absorbance (Abs) was
recorded at 515nm with BioTek plate reader (Elx 800),
and percentage inhibition was calculated. The experi-
ment was performed in triplicate, and ascorbic acid was
a positive control.

Lipid peroxidation assay

The previously reported method was used to meas-
ure lipid peroxidation activity [36] with modifications.
Liposomes were prepared through ultrasonic irradiation
from egg lecithin by adding 490 pl of FeCl; (400 mM) and
490l of ascorbic acid (200mM). Then 20ul of sample
(1, 0.5, 0.25mg/ml) was added. The mixtures were incu-
bated for 60 min at 37°C, and 0.25M HCI was added to
inhibit the reaction. These mixtures were then placed in
a boiling water bath for 15min, cooled and centrifuged.
Two hundred microliter of the resulting solution was
taken, absorbance was recorded at 532nm with BioTek
plate reader (Elx 800), and percentage inhibition was
calculated.

DNA damage assay

According to the method reported earlier, HyL and SoL
extracts were tested for its DNA protection property
[37]. The reaction was performed in PCR tubes con-
sisting 3l plasmid DNA (0.5pg/ml/3pl), 5pl of stock
solution of each extract at three concentrations (1, 0.5,



Naseem and Ismail BMC Complementary Medicine and Therapies

0.25mg/ml), 3 ul of FeSO, (2mM) and 4-pl of H,O, (30%).
Positive control (P) was prepared by adding 3 ul plasmid
and 12l of 50mM phosphate buffer (pH7.4) while the
negative control (N) was prepared by adding 3ul plas-
mid DNA, 4ul H,O, 3ul FeSO, and 5 pl of the buffer. To
estimate the pro-oxidant effect of the extract on DNA, a
control (X) was prepared by adding 3 pl of plasmid DNA,
5l of stock solution of extract and 7 pl of the buffer. The
mixtures were incubated in the dark for 1h at 37°C, and
the mixture was run on 0.9% agarose gel to check the
DNA protective/damaging effect. The gels were visual-
ised under the Gel-Doc system (BioRad), and percentage
inhibition was calculated.

Antidiabetic assays

The in vitro antidiabetic assessment was carried out
using a-glucosidase and a-amylase inhibition assays
on lettuce extracts in a 96-well microtiter plate by the
previously reported method [38], for experiment two
96-well plates were prepared independently having 10 ul
(0.2U) of respective enzyme solution, 10ul substrate
(p-nitrophenyl-a-p-glucopyranoside for a-glucosidase
and starch for a-amylase) 10ul of each extract with the
final concentration of 1, 0.5, 0.25mg/ml and 70 pl of the
buffer. Solutions were mixed well, and plates were incu-
bated at 37°C (a-glucosidase) and 50°C (a-amylase)
for 30min. After incubation, 100l of sodium bicarbo-
nate (0.5mM) and HCI (0.2M) solution were added in
a-glucosidase and a-amylase plates, respectively, to stop
the reaction. Additionally, in a-amylase plate, 100 ul of
iodine reagent (5mM KI and 5mM I,) was added. Exper-
iments were performed in triplicates using acarbose as
the positive control. Absorbance in a-glucosidase and
a-amylase plates were measured at 405nm and 540nm,
respectively, with a microtiter plate reader (BioTek, Elx
800) and percentage inhibition was calculated.

Cholinesterase assays

Acetylcholinesterase enzyme plays a vital role in nerve
transmissions, while butyrylcholinesterase is involved in
detoxification mechanisms. The cholinesterase inhibi-
tion assays were performed using Ellman’s method with
modification [39—41]. The experiment consisted of 25l
of respective enzyme (0.2U), 25ul (15mM) substrate
(acetylthiocholine iodide for acetylcholinesterase and
butryllthiochloline iodide for butyrylcholinesterase),
50ul (0.1M) sodium phosphate buffer (pH8.0), 125ul
(3mM) DTNB and 25pl of extract with final concentra-
tions of 1, 0.5, 0.25 mg/ml in wells of 96 well plate respec-
tively. The plates were then incubated at 37°C for 30 min.
Galantamine hydrobromide was used as the positive con-
trol, and change in absorbance was recorded at 405nm
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with a microplate reader (BioTek, Elx 800), and percent-
age inhibition was calculated.

MTT cytotoxicity assay

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide) test was performed to study the antipro-
liferative activity of lettuce by the previously reported
method [42] using MCF7 and HePG2 cell lines. For
cytotoxicity assay, 7 x 10* cells/well for the MCF?7 line
and 3.4 x 10* cells/well for HepG2 and HeLa lines were
seeded in a 12-well plate, respectively. MTT assay cal-
culated the viability of the cells by taking absorbance
at 570nm after 48h in a UV2310 spectrophotometer
(Dinko, Spain).

In vivo assessment

Animal grouping and induction of disease

Healthy 6-7weeks old Sprague Dawley male rats (180-
200g) were obtained from NIH Islamabad, maintained
under hygienic conditions, and provided a standard diet
at the primate facility. All experiments and methods were
approved by the Institutional Ethics Committee of the
University of Gujrat, Pakistan, with reference#321 (dated:
18-12-2020), while the Institutional Biosafety Committee
approved the animal model of the University of Gujrat,
Pakistan with reference#320 (dated: 18-12-2020). During
the experiment, minimal animal suffering was ensured
as per National Institute of Health (NIH) and ARRIVE
guidelines for the care and use of laboratory animals [43].
Total 70 rats were carefully divided into control and treat-
ment groups, containing seven rats. To induce diabetes,
0.2ml of intraperitoneal injection of 30 mg/kg streptozo-
tocin (STZ) was injected in each rat for three consecutive
days [44]. Blood glucose measurement was performed by
taking a small drop of blood from the tail of each rat daily
with the help of Vita™ test meter (Lifescan). Rat show-
ing glucose level >300mg/dl were included in the study.
After diabetes induction, aluminium chloride (AICI3) was
administered daily for 3 weeks [44] to induce Alzheimer’s
disease symptoms. All groups were administered orally
with drugs or samples for 3 weeks representing group-
I as healthy control (received saline), group-II served as
diabetic control (received STZ), group-III served as a dia-
betic positive control (received STZ+4 Glibenclamide),
group-1V served as Alzheimer positive control (received
STZ+ AICI3 4 Rivastigmine) and groups V-X served as
experimental groups for HyL and SoL which received
STZ+ AICI3 with extract concentration of 200, 100 and
50mg/Kg of rat body weight respectively.

Acute oral toxicity
As per OECD guidelines #425 [45], acute toxicity stud-
ies were carried out. For this purpose, the rats were
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subjected to a single dose (400 mg/kg) orally with extracts
of HyL and SoL (seven rats in each) dissolved in saline
along with the control group (seven rats) receiving sim-
ple saline solution (10 ml/kg). In behavioural parameters,
rats feeding pattern, an inspection of skin and body for
developing any lesion, skin shredding, housing habits
and sleeping pattern were monitored. Any behavioural
changes, toxicity or mortality, were observed for up to 1
week.

Elevated plus maze test (EPM)

EPM test was carried out to determine the anxiety-like
behaviour of HyL, and SoL extracts as reported earlier
[44]. Briefly, each rat was placed in a central position fac-
ing the open arm and the movement in the maze model
was recorded for 5min with the help of fixed camera.
The time spent in close and open spaces was calculated
by computer software ANY-maze. A pass was counted
when 85% of the rat’s body was on a particular arm. In
the end, 70% ethanol and white cloth were used to clean
the maze to get it ready for the next rat. After completing
the experiment, rats were returned to their cages, and no
other experiment was performed on the same day.

Morris water maze test (MWM)

MWM test was performed to evaluate the learning and
memory behaviour of HyL and SoL extracts as reported
previously [44]. The test consisted of one visible and one
hidden day test and a single probe trial at the end of hid-
den tests. The platform was 1 cm above the water surface
during visible tests, and rats were placed in all quadrants
until they reached the platform. In hidden tests, the plat-
form was placed underwater with added dye to make it
invisible. The platform was placed randomly in different
quadrants, and rats were released to search and reach the
platform. The time consumed in a particular quadrant
was recorded for 60s with the help of a camera. Three tri-
als were performed for each visible and hidden trial with
an interval of 1h, and videos were analysed using ANY-
maze software.

Serum and tissue preparation

After 21 days, the rats were anaesthetised with isoflurane.
The rats were placed separately in an induction compart-
ment, and anaesthesia was induced with 5% isoflurane
in oxygen until loss of reflexes. Then the rats were dis-
sected, and blood was collected in BD Vacutainer® tubes.
To separate the serum, blood was centrifuged for 10 min
at 3500 rpm. The brain, pancreas, liver and kidney tissues
were isolated and homogenised separately in ice-cold
50mM tris buffer at pH-7.4 to estimate organ biomarkers
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and anti-oxidant enzymes. The brain tissues were stored
in saline at —20°C for neurotransmitters quantification
by HPLC.

Quantification of serum amylase and insulin level

Serum amylase was estimated as per the manufacture’s
guidelines using standard Cobas® kits (Roche, USA). In
contrast, serum insulin levels were determined with the
help of the AmgenixMicro ELISA kit (USA) as per the
supplier’s guidelines.

Determination of serum biochemical markers of liver

and kidney

Biochemical markers of the liver (aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT) and total
bilirubin) and kidney (blood urea nitrogen (BUN) and
creatinine) of respective organs were estimated in the
serum samples according to the supplier’s guidelines
using Cobas® kits (Roche, USA).

Quantification of anti-oxidant enzymes

The Bradford method was used to quantify total protein
in homogenised tissue samples by using the Folin Cio-
calteu reagent as reported earlier [46]. The homogenates
of the brain, liver, pancreas and kidney were analysed
for the GSH (reduced glutathione), CAT (catalase), SOD
(superoxide dismutase), GPOD (glutathione peroxidase)
and TBARS (thiobarbituric acid reactive substances)
assays spectrophotometrically for the quantification of
enzyme contents. Briefly, TBARS activity was calculated
by the previously reported method by Ohkawa et al., [47].
In this method tissue extracts were appropriately mixed
with phosphate buffer, trichloroacetic acid (10%) and
TBA as working agent consisting of acetic acid (5%) and
20% NaOH. The TBARS activity was measured as mM/
min/mg tissue. Aebi’s method was used to estimate CAT
activity in which homogenate was mixed with phosphate
buffer and hydrogen peroxide, and results were presented
as U/min [48]. For GSH activity, sulfosalicylic acid, tissue
homogenate phosphate buffer and DNTB were mixed,
and activity was calculated as mM/g protein as reported
earlier [49]. Bannister method was used to measure SOD
activity. Tissue extracts were mixed with phenazine
methosulphate and phosphate buffer for the test. Then
NADH and glial acetic acid were added. After incubation
reading was taken by spectrophotometer, the results were
expressed as U/mg protein [50]. Finally, GPOD activity
was quantified using 4-methyl catechol (4MC) as sub-
strate. The change in the absorption due to oxidation of
4MC by H,0, was measured spectrophotometrically at
420 nm, and results were quantified as U/min [51].
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High-performance liquid chromatography (HPLC)
Quantification of brain neurotransmitters (serotonin and
dopamine) was performed by HPLC as reported previ-
ously [44]. Briefly, homogenised tissue samples were
centrifuged at 13000rpm for 12min at 4°C following fil-
tration through a 0.2 um syringe filter. For analysis, 20 ul
of the filtrate was injected into HPLC (Agilent: 1200
series). Dopamine and serotonin levels were quantified
using a C18 (5 um x 250 mm x 4.6 mm) column equipped
with a UV detector at 270nm. For clear separation, an
isocratic mode mobile phase of 50 mM potassium phos-
phate buffer (pH-3.5) and methanol 97/3 (v/v) was used
at a flow rate of 1.5ml/min with a total run time 25 min.
Final quantification was performed by calculating the
peak area of each tissue sample with the linear regression
equation obtained from standard curves of dopamine
and serotonin.

Statistical analysis

The data were analysed by ANOVA following multiple
comparison Post-Hoc tests using GraphPad Prism-8.
Results are presented in mean + standard deviation (S.D.)
with statistical significance p <0.05.

Results and discussion

In vitro assessment

Phytochemical and anti-oxidant contents

TPC and TFC are presented in Fig. 1 as mg of Gallic acid
and Quercetin equivalents per 1g of plant dry weight,
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respectively. Results demonstrated that in both cases,
HyL extract contained the highest level of TPC and TEC
as compared with SoL. Phytochemicals including phe-
nolic and flavonoid are vital anti-oxidants that reveal free
radicals scavenging activity [52]. TAC was investigated
spectrophotometrically through phosphomolybdenum
assay, which is centred on the reduction of Mo (IV) to
Mo (V) following the formation of green Mo/phos-
phate (V) compounds at acidic pH. TAC is a quantitative
method, and its anti-oxidant efficiency is represented as
the number of ascorbic acid equivalents per 1g of plant
dry weight [53]. Results indicated that HyL extract has
higher TAC than SoL (Fig. 1). TRP is also an indicator of
potential anti-oxidant activity. In TRP, anti-oxidants in
the extracts would reduce iron through electron dona-
tion [54]. The results showed that both HyL and SoL had
good reducing power capability (Fig. 1), expressed as the
number of ascorbic acid equivalents per 1g of dry plant
weight. The activity pattern of TRP was similar to TAC.
Flavonoids and phenols are well documented for their
capability to donate electrons. Moreover, it has been
previously reported that the Mo reduction capacity of
plans might be depending on their phytochemicals [55].
To confirm this hypothesis, we determined the correla-
tion between HyL and SoL extracts with respective TPC,
TFC, TAC and TRP contents by using GraphPad Prism 8,
which showed a positive relationship with an R? value of
0.9874 (p<0.01).

151

104

mg/g of dry weight

El Total phenolic contents
Total flavonoid contents
Bl Total reducing power

Total antioxidant capacity

T

0 I T .

Hydroponically
grown lettuce

Fig. 1 Total phytochemical and anti-oxidant contents. Values expressed as means (n=3)£SD

Soil
grown lettuce
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Anti-oxidant assays

DPPH method is a simple and effective way for the com-
parative assessment of anti-oxidant activity in different
plant extracts. Upon reduction, DPPH changes its colour
from violet to yellow, which is the basis of activity detec-
tion [11, 42]. Vitamin E was a positive control, which
showed 95.3% scavenging activity. HyL and SoL extracts
showed 86.7 85.3% DPPH radical scavenging capacity
respectively (Fig. 2a). The results show that these extracts
are rich in active radical scavengers, like phenolic, fla-
vonoids, and derivatives. So it can be proposed that the
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DPPH scavenging potential of the lettuce might involve
the active role of phytochemicals [56].

In the lipid peroxidation test, thiobarbituric acid inter-
acts with malondialdehyde, a side product of peroxida-
tion producing red chromogen. This red chromogen
is measured spectrophotometrically to determine the
anti-oxidant potential [57]. The result showed signifi-
cant anti-oxidant activity for both samples, as shown in
Fig. 2. The results presented 81.7, 77.8 and 87.9% activ-
ity respectively for HyL, SoL and Vitamin E. Multiple
sources like organic-hydro peroxides, redox-cycling and
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Fig. 2 Antioxidant activities (A) and DNA protection activity at 1mg/ml (
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agd acd B Lipid peroxidation
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HyL SoL SoL SoL
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Linear DNA
Super coiled DNA

P

B) of hydroponically (HyL) and soil grown (Sol) lettuce. Values expressed

as means (n=3) =% SD with *p <0.05 in comparison with positive control representing “a’, SoL 1 mg/ml representing ‘b’ Sol. 0.5 mg/ml representing
‘c"and SoL 0.25 mg/ml representing “d" with all respective concentrations of HyL and controls. [Lane# L =DNA ladder (1Kb), P =pBR322 plasmid,
X=pBR322 plasmid treated with FeSO4 and H202 (control), 1 =pBR322 plasmid 4+ 1 mg/ml of hydroponically grown lettuce; control for the
pro-oxidant effect of the extract on DNA, 2 =plasmid + 1 mg/ml of hydroponically grown lettuce 4+ FeSO4 +H202, 3 =pBR322 plasmid + 1 mg/ml
of soil grown lettuce; control for the pro-oxidant effect on DNA, 4=plasmid + 1 mg/ml of soil grown lettuce 4+ FeSO4 +H202, 5 =plasmid + 1 mg/
ml of Vitamin E+ FeSO4 + H202]
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iron-containing compounds may trigger the lipid per-
oxidation by producing free radicals [58]. The flavonoids
reported in this plant may play a positive role as an anti-
oxidant by capturing these free radicals.

DNA damage assay is based on the potential of sample
protection against the +OH attack generated from the
Fenton reaction. This Fenton reaction breaks supercoiled
DNA into open circular and/or linear forms [31, 32]. The
anti-oxidant and pro-oxidant effects of extracts were
evaluated by inspecting the intensity of gel bands formed
on 1% agarose. Figure 2b represents the DNA protec-
tion effect of HyL and SoL at 1 mg/ml. The presence of
a relaxed form of DNA after HyL, SoL and Vitamin E
represents 76.8, 75.4 and 88.3% DNA protection activ-
ity, respectively (Fig. 1a). Results showed low intensity in
nicked DNA formation and high intensity in native DNA
form, presenting a significant protection phenomenon.
The protective effect of the extract on DNA can inhibit
ROS generation by forming a complex with cations par-
ticipating in «OH formation [59]. The comparison for
results between HyL and SoL showed no significant dif-
ference at concentration level. However, results are sta-
tistically significant with p<0.05 compared with positive
control.
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Enzyme inhibition assays
HyL and SoL extracts were investigated for their potential
to inhibit the a-glucosidase enzyme. Acarbose served as a
positive control (89.2%), and results are presented in Fig. 3.
HyL and SoL exhibited moderate activity with inhibition
of 54.3 and 46.3% respectively. Inhibitors of a-glucosidase
can prevent the release of free glucose from carbohydrates,
which reduces blood glucose levels and causes suppres-
sion of hyperglycemia condition [60]. Recently, multiple
efforts have been carried out to identify strong and effec-
tive inhibitors of a-glucosidase from natural resources
[61]. Many flavonoids, alkaloids, anthocyanins, terpenoids,
glycosides and phenolic compounds have been identified
as a-glucosidase inhibitors [61]. So, the presence of high
phytochemical contents in lettuce might be responsible for
potential a-glucosidase inhibition.

a-amylase is involved in starch digestion to provide
free glucose to the system. The inhibition mechanism is
a strategy by preventing starch digestion via blockage of
a-amylase. This strategy is used to treat periodontal dis-
eases and diabetes [62]. Plants are the prime source of
natural inhibitors against a-amylase. For this purpose,
the a-amylase inhibition potential of lettuce extracts was
screened spectrophotometrically. The assay was per-
formed in triplicate, and the result in the form of inhi-
bition (%) are presented in Fig. 3. Acarbose served as
a positive control with 86.7% inhibition. Plant-based
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Fig. 3 Enzyme inhibition activities of hydroponically (HyL) and soil-grown (SoL) lettuce. Values expressed as means (n=3) £ SD with *p <0.05 in
comparison with positive control representing “a’, SoL 1 mg/ml representing “b’, SoL 0.5 mg/ml representing “c”and Sol 0.25 mg/ml representing
“d"with all respective concentrations of HyL and controls. In glucosidase and amylase acarbose, butyrylcholinesterase and acetylcholinesterase
galantamine hydrobromide served as the positive control
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compounds like glycosides, alkaloids, galactomannan
gum, polysaccharides, peptidoglycans, hypo glycans,
guanidine, glycopeptides, steroids and terpenoids are also
reported for anti-hyperglycemic activity [63]. A group of
researchers [64] explored the interactions between human
a-amylase and flavonoids to understand the fundamental
molecular prerequisite for the enzyme inhibition process.
They found that the strength of inhibition is associated
with the number of OH groups present on the flavonoid
skeleton. This finding suggests the involvement of flavo-
noids in the enzyme inhibition mechanism.

The lack of acetylcholine is the principal characteristic
of Alzheimer’s disease, and it contributes to significant
symptoms like cognition and decline in memory [65]. In
this study, we tested HyL and SoL extracts for inhibition
against acetylcholine enzyme by Ellman’s method [39].
The main advantages of Ellman’s method are rapid pro-
cessing, simplicity and relatively low cost [66]. Percent-
age inhibitions of 68.2, 44.6 and 87.3% for HyL, SoL and
galantamine hydrobromide, respectively, are presented in
Fig. 3. It is well known that neurodegenerative disorders
are primarily associated with degeneration of the cholin-
ergic system [65]. This can be supported by either using
muscarinic agonists or by acetylcholinesterase inhibitors.
Enzyme inhibitors are generally responsible for increas-
ing the concentration of acetylcholine [67]. The enzyme
inhibition potential of lettuce suggests that this plant has
some active ingredients which block the acetylcholinest-
erase, which requires further studies for identification.
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Butyrylcholinesterase is a unique enzyme involved in
neural brain function [68]. Like acetylcholinesterase, the
extracts of HyL and SoL were tested for butyrylcholinest-
erase inhibition, a serine-based hydrolase that catalyses
the hydrolysis of choline ester’s hydrolysis, including ace-
tylcholine. The experiment was performed in triplicates
and controls, and the results are summarised in Fig. 3.
HyL extract showed good (78.2%) while SoL exhibited
moderate (67.7%) activity. Galantamine hydrobromide
served as a positive control (95.2%). Our results summa-
rise the biochemical effect of HyL and SoL on butyryl-
cholinesterase which may have roles in cholinergic
detoxification. HyL showed slightly higher activity than
SoL at different concentrations in comparing concentra-
tions. However, results are statistically significant with
p<0.05 at all concentrations for HyL and SoL.

MTT cytotoxicity assay

Cytotoxic effects of HyL and SoL against MCF7 and
HePG2 cancer cell lines were measured, and results in
the form of percentages are presented in Fig. 4. Doxo-
rubicin was used as the positive control, which showed
maximum activity (3.8 and 5.0%) for both cell lines
(HePG2 and MCEF?7). The highest activity was calculated
for HyL extract against HeLa (28.6% cell viability) fol-
lowed by SoL extract (33.2% cell viability). In the case of
MCEF?7, the HyL extract showed 33.3% cell viability, while
SoL extract exhibited 38.0% cell viability. The elevated
level of free radicals is reported in cancer patients, which
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may exaggerate the disease state, and it is expected that
anti-oxidants have a reverse correlation with cancer
[69]. Previously, ethanol extracts of different plants were
reported beneficial against HeLa cell line, P388 leukae-
mia and moult-4-human leukaemia, respectively [70, 71].
Similarly, organic and aqueous fractions of plants are also
known to have a protective effect against hydrogen per-
oxide-induced cytotoxicity in H9c2 cells [72]. Moreover,
flavonoids are recently investigated to delay, prevent/help
in curing cancer, probably by blocking vulnerable muta-
tions in DNA that may occur in tumour suppressors or
oncogenes genes [69]. Our results also showed a strong
positive correlation between the MTT assay and flavo-
noids. Based on our findings, it may be proposed that
flavonoids have some mechanistic role in cancer suppres-
sion which needs to be explored.

In vivo assessment

Acute oral toxicity

No mortality and behavioural changes were recorded in
the experimental rats for 1 week. Overall, rats feeding
patterns remained unchanged, their skin and body were
inspected for any lesion or skin shedding, but no sign of
abnormality was observed. After completing the acute
oral toxicity assay, serum assays like ALT, AST, BUN,
creatinine, and total bilirubin were performed by tak-
ing a small amount of blood from the tail vail. The levels
of these markers were found normal. The present study
acknowledges the limitations for the fact that the histo-
logical presentations of the vital organs and whole blood
profiles were not performed and that they should be
essentially investigated in the future for validation of the
acute oral toxicity profiles.
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Elevated plus maze test (EPM)

EPM assay was performed to investigate the anxiety-like
response of rats after the induction of Alzheimer. Data
were recorded in the form of distance travelled in open
and closed arm zone, and results are shown in Table 1.
Alzheimer’s control group significantly reduced distance
travelled in open arms (33.3 cm) compared to the normal
control group (93.7cm). In comparison, Rivastigmine
(positive control) group exhibited a substantial increase
(83.4cm) in the travelled distance. Alzheimer control
group showed an increase in total travelled distance
(165.0cm) in closed compared with the normal control
group (103.0cm), while Rivastigmine (positive control)
group exhibited a significant decrease (109.6cm). HyL
and SoL treated groups showed prominent responses
with total distance travelled in the open arm (63.7 cm and
42.1cm) and closed arm (87.6cm and 129.7 cm), respec-
tively (Table 1). Overall, results represent the anti-anxiety
behaviour of the HyL and SoL extracts. EPM test detects
an anxiolytic potential of different classes of therapeutic
drugs without any sophisticated conditioning require-
ments. This test is based on the inherent conflict affected
by the anxiety level. Anxiety and depression can origi-
nate due to the oscillation of the role of neurotransmit-
ters, mainly serotonin, noradrenalin and dopamine [20,
73, 74]. MAO inhibitors enhance endogenous amines like
serotonin and catecholamine [75], but they are not free
from side effects. However, plants like Plumeria rubra
and Trichilia catigua are reported to increase the explo-
ration rate of open arms in EPM being used in folk medi-
cine to diminish anxiety [75-77]. Similarly, our results
indicated that the total time spent and the total number
of entries in the enclosed arms are prominently reduced
compared to the control group, representing an anxio-
lytic-like effect.

Table 1 Elevated Plus Maze and Morris Water Maze test of hydroponically (HyL) and soil-grown (Sol) lettuce

Sr. No. Test group Elevated Plus Maze Morris Water Maze
Closed arm zone (cm) Open arm zone (cm) Total time in the The first entry in the
platform quadrant (sec) platform quadrant
(sec)
1 Normal control 103.1 4 2.12bcce 93,7 4 3.9%0de 12.7 £0.9°c¢ 8.14 1,00
2 Alzheimer control 165.0 4 4.3%F 33344604 31405 303422
3 Rivastigmine 10mg/kg 109.6 = 4.20<f 834 = 3.1 Pccef 1164 1.30c%€ 10.8 4 1.0
4 HyL 200mg/kg 87.6 = 4,509 63.7 4= 3.930<df 1024120 1324110
5 HyL 100mg/kg 103.0+ 1.82%0de 53.1 4 1.620cdef 840,19 19.6 +0.220de
6 HyL 50mg/kg 12644 1,629 43141 629 5340.1° 22.740.2%%
7 SoL 200mg/kg 129.7 4 4,879 421 4 4679 7.7 4062 22.0+42.3%%
8 SoL 100mg/kg 156.1 = 1.730def 34.1 £1.3%09 6.140.1% 25.3+0.2°0
9 Sol. 50mg/kg 167.0 +3.2%°f 24,04 1,520 3.1 +£0.2%f 29.540.2%¢

Values expressed as means (n=7) £ SD with *p <0.05 in comparison with Rivastigmine representing “a’, SoL 200 mg/kg representing “b", SoL 100 mg/kg representing
“c’, SoL 50 mg/kg representing “d", Alzheimer’s control representing “e” and normal control representing “f” with all respective concentrations of HyL and controls
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Morris water maze test (MWM)

MWM test was performed as a tool to investigate learn-
ing/memory responses after the induction of the Alzhei-
mer and results are summarised in Table 1. Results showed
a significant reduction in total time spent in the platform
quadrant in the Alzheimer control group (3.1s). The treat-
ment of HyL and SoL significantly increased (10.2s and
7.7s respectively) the time in the platform quadrant. The
results of Alzheimer’s control signifies that the rats were
not adequately oriented in their directions, while in nor-
mal control and Rivastigmine (positive control), they were
well oriented. Additionally, we investigated the latency of
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first entry in the platform quadrant, which exhibited sig-
nificant elevation in time for the Alzheimer control group
(30.3s) compared to the normal control group (8.1 s).
However, treatment of HyL (13.2s) and SoL (22.0s) exhib-
ited a significant decline in latency time (first entry) in the
platform zone, as presented in Table 1. The MWM test is
generally reported to evaluate long-term spatial learning
capability and reference memory [78]. On the other hand,
the escape latency phenomenon is used as a procurement
test reflecting spatial learning behaviour. This means that
rats need to learn the exact position of the platform hid-
den in the maze and develop suitable tactics to reach it
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[79]. Additionally, crossing numbers in virtual-platform is
a crucial indicator to assess the reference memory in the
absence of a platform. As reported in previous studies [79,
80], both HyL and SoL significantly increased the escape
latency in the acquisition phase. They decreased the num-
bers of crossing virtual-platform representing the mem-
ory-enhancing activity.

Determination of plasma glucose levels

STZ was used to induce diabetes mellitus, which is
known for causing the cytotoxic effect on pancreatic beta
cells. Consequently, STZ disturbs the release of endog-
enous insulin resulting in elevation of blood glucose level
[81]. The impact of HyL and SoL extracts on glucose
level in STZ-induced rats was recorded with the help of
Lifescan digital glucometer (Vita'"), and the results are
summarised in Table 2. The diabetic group exhibited a
glucose range of 405-528 mg/dl while the glucose level
of Glibenclamide (positive control) remained in the range
of above 95-105mg/dl during the 21days experiment
(Table 2). HyL group showed a significant decrease in
glucose level from 415mg/dl on Oh to 126 mg/dl on 21st
day while in SoL moderately decreased the blood from
395mg/dl on Oh to 165mg/dl on 21st day (Table 2). As
an alkylating agent, streptozotocin cause fragmentation
of DNA [82]. Damages in DNA activate the natural repair
process leading to dephosphorylation of ATP, which
activates the xanthine oxidase by providing a substrate,
finally resulting in ROS formation. The protective action
of HyL and SoL was additionally confirmed by DNA
damage assay (Fig. 2b), representing ROS formation pre-
vention through protection from possible DNA damage.
Moreover, extract’s possible mechanisms of action could
be associated with potentiating insulin from beta cells or
increasing peripheral glucose uptake [82, 83].

(2022) 22:30

Page 13 0f 18

Quantification of serum amylase and insulin level

The results of insulin quantification of serum are rep-
resented in Fig. 5a. The diabetic control group showed
decreased insulin levels compared to normal control,
while the diabetic rats treated with Glibenclamide
showed enhanced insulin levels. Similarly, the diabetic
rats treated with HyL and SoL exhibited significant
(p<0.05) but moderately enhanced insulin levels in a
concentration-dependent manner. Meanwhile, serum
amylase level is shown in Fig. 5b with the following treat-
ment of Glibenclamide, HyL and SoL. The results indi-
cate a significant (p <0.05) increase in the amylase level in
the diabetic rats compared with controls. Amylase levels
were decreased significantly (p <0.05) in the diabetic rats
after the treatment with both HyL and SoL. However, the
high dose of HyL and SoL was better than the low.

Determination of serum biochemical markers of liver

and kidney

The increase of enzyme levels in serum is attributed to
liver dysfunction, resulting from the rupture of hepato-
cytes. As damage to the liver leads to the release of
enzyme markers into the bloodstream. This causes either
change in cell membrane permeability or necrosis [84].
The levels of blood urea, creatinine and uric acid are rou-
tine markers for analysing renal function. These markers
can monitor biological/pathologic processes and the road-
map indicators of renal diseases [85]. Serum biomarkers of
kidney and liver were evaluated in STZ-induced rats, and
results are presented in Table 3. In the case of the liver,
the levels of ALT and AST were increased in HyL and SoL
extracts while the levels of total protein and total bilirubin
levels were decreased compared with the diabatic group
(Table 3). A similar pattern was observed in the case of
kidney biomarkers in which BUN levels were increased

Table 3 Effects of hydroponically (HyL) and soil-grown (SoL) lettuce on liver and kidney biomarkers in serum

Groups Liver Kidney
ALT (U/L) AST (U/L) Total bilirubin (mg/dl) BUN (mg/dl) Creatinine (mg/dl)

Normal control 20.8+1.0°0<d 2194 15% 0.3840.0° 18840,/ 0.35+£0.02"
Diabetic control 5544 3.8 79.1 + 3.5%cdf 1340.06° 38.2+2.0% 154005
Glibenclamide 10mg/kg 258+ 2.9l 285 = 2.20df 04240.03° 2244 2.0°f 0.6240.02"
HyL 200mg/kg 29.8 4 2,270 3954 2.8% 0.6140.06° 28.1 +2.6°0< 0.70£0.07"
HyL 100mg/kg 35,64 3120 47.3432%0cdfl 0.8940.03¢ 30.24 3230 0.9540.08™
HyL 50mg/kg 453 + 4.4 59.3 4 3.8209f 0.96 4+ 0.04" 3264 2.8 1124009
Sol 200mg/kg 4524 1.5% 426428 0.8540.03¢ 3554232 1.234£009™
SoL 100mg/kg 50.3 446204 60.3 4 3.7209f 0.9940.07" 38243.1% 136+£0.26™
Sol 50mg/kg 5534516 72.3 44,97 13240.09¢ 402 +£4.2% 14940.34"™

Values expressed as means (n=7) = SD with *p <0.05 in comparison with Glibenclamide representing “a’, SoL 200 mg/kg representing “b’, SoL 100 mg/kg representing
“c”, SoL 50 mg/kg representing “d’, diabetic control representing “e” and normal control representing “f” with all respective concentrations of HyL and controls. “ns”

represent non significance
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and creatinine levels were decreased after treatment of
HyL and SoL extracts as compared with diabatic control
group (Table 3). These results are in according with the
normal group (Table 3) which represents that the HyL and
SoL treatment has positive effects on the liver and kidney
biomarkers which help in restoration of all altered levels
of biomarkers towards the normal healthy range.
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Quantification of anti-oxidant enzymes in rat organs

Anti-oxidants play a vital role in the prevention of
oxidative damage. In diabetes, the hyperglycaemic
condition can deactivate anti-oxidant enzymes by
the glycation proteins, consequently producing oxi-
dative stress, leading to lipid peroxidation [86]. The
end products of lipid peroxidation are usually deter-
mined by measuring TBARS activity, a pioneering lipid

Table 4 Effects of hydroponically (HyL) and soil-grown (Sol) lettuce on pancreas, liver, kidney and brain biomarkers in tissue

Organ Treatment TBARS (nM/min/  CAT (U/min) SOD (U/mg protein) GPOD (U/min) GSH (mM/g tissue)

mg tissue)

Pancreas  Normal control 32,6+ 1.6° 584004  29408™ 5607 9.5+0.6°%f
Diabetic control 412421 194002 154005 294007 52403"
Glibenclamide 10mg/kg 33.1 4 1.3 5.2 0.05%f 274002 5.0 0.04°%f 8940160
HyL 200mg/kg 3644 2.5%¢¢h 484009 254+007™ 454087 8.1 £0.5%M
HyL 100mg/kg 37.343.13d%M 354005%" 19400™ 3.8+£0.654N 7.2 £0.4%M
HyL 50mg/kg 3844 2.12M 2.940.08%" 164004 3.24£0.2%" 6.54+03"
Sol. 200mg/kg 38.1£1.3%M 284004 1.940.06™ 21+£06M" 63408
SoL 100mg/kg 39.1 £3.3%M 224006 1.54£005" 19407 55402
Sol 50mg/kg 4094362 184008 134004 15408 49406°"

Liver Normal control 37.343.200f 141 £1.7°%f 514003 524003 104 4 0.5%f
Diabetic control 55.142.9% 1024120 324001 404003 58+03"
Glibenclamide 10mg/kg 39.843.1¢dMh 139410 494002™ 494002" 10.1 4 0.2¢%"
HyL 200mg/kg 4594 3 13 124410 414£08™ 454006 9.6 +0.8°%f
HyL 100mg/kg 4764 4.12c%fh 1134120 36+06" 414004 82+04°
HyL 50mg/kg 508+ 36%™h 105413 45404 3.8+00™ 73409
Sol 200mg/kg 51.2+48%h 98418 39406 38+£008™ 68405
Sol 100mg/kg 526451 95414 32407 3.54001™ 61409
SoL 50mg/kg 5484 3.6°" 91413 29+03™ 3.24£003™ 53405

Kidney Normal control 30.0 4 3,42 13840.7% 39405 45405 8.0 0.8
Diabetic control 5824 4.5% 11.04£08™ 144005™ 124001%" 33406
Glibenclamide 10mg/kg 35.2 4365 133408% 3.54002" 444001 7.7 +0.04°%f
HyL 200mg/kg 4034 46%%h 129409° 26406 39406 7.1 +0.6%%f
HyL 100mg/kg 453 44,82 122413° 19402 25405™ 6.240.2°
HyL 50mg/kg 51,6 5.2°¢M 11.841.2" 454019 13406 51405"
SoL 200mg/kg 47942 53 115411 20+£08™ 41408 424002
SoL 100mg/kg 52.7 £ 4.6¢M 103415 15404™ 29404 35+06%
Sol 50mg/kg 5744412 92412 12402 19401 29404

Brain Normal control 1524 2.1Pcded 52404 134005 59+001™ 48406%9
Alzheimer control 2964315 38+001™ 04+002" 35407 1.940.8°"
Rivastigmine 10mg/kg 1894 3 4°deah 434001 1.14£007™ 564002 46+03%
HyL 200mg/kg 20.243.79%9h 40409™ 0.94002™ 50404 42404™
HyL 100mg/kg 25.6 = 4,399 38+06™ 06001 444017 354+06™
HyL 50mg/kg 284 +4.6°" 47408™ 044002" 38+£05™ 28402
Sol 200mg/kg 25.5 4 2.9cbdedh 5041.3" 0.5+001™ 454003 27408™
Sol 100mg/kg 28,94 3.9d0ch 53+£10™ 034003™ 40402 22403"
Sol 50mg/kg 3034345 5441.2" 0.14001™ 31+03° 184055

Values expressed as means (n =7) = SD with *p <0.05 in comparison with Glibenclamide representing “a", Rivastigmine representing “b’, SoL 200 mg/kg representing

g

“c”, SoL 100 mg/kg representing “d”, SoL 50 mg/kg representing “e’,
representing “h” with all respective concentrations of HyL and controls. “ns” represent non significance

diabetic control representing “f", Alzheimer’s control representing “g” and normal control
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peroxidation index [87]. The increased levels of TBARS
are reported in the plasma of diabetic patients [88]. The
enzymatic and non-enzymatic mechanisms balance the
free radical system in the body through the generation
of ROS and their neutralisation [89]. Some enzymes
like SOD, CAT, GSH and GPOD play an active role
in neutralising specific free radicals. Dismutation of
superoxide ions is catalysed by the SOD enzyme, which
protects the membranes and cellular structures from
oxygen-based free radicals [90]. The catalase enzyme
carries the canalisation of hydrogen peroxides, which
protects tissues against hydroxyl radicals [91]. GSH
reacts with lipid peroxidation by-products and is con-
sidered a vital component of the anti-oxidant defence
system [92], including different glutathione-dependent
enzymes. GPOD is also involved in removing lipid
peroxidation by-products by catalysing glutathione
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oxidation and H,O, deactivation. The glutathione
reductase ensures the reverse glutathione reduction
[93].

Together, these enzymes effectively eliminate the toxic
free radicals in vivo. Anti-oxidant enzymes in the pan-
creas, liver, kidney and brain were quantified spectropho-
tometrically in HyL and SoL treated tissue and results are
shown in Table 4. Both samples showed similar behav-
iour. However, the HyL showed a higher response while
the SoL extract showed a moderate response. Overall, the
results showed a rise in CAT, SOD, GPOD and GSH in
all tissue samples compared with diabetic control. At the
same time, the decrease in TBARS activity was recorded
in all tissues samples compared with the diabetic group
(Table 4). The results exhibited that trend of the values
moves toward the normal control group representing the
restoration of altered enzymes levels due to the diabetic
side effects.

acdef
1.00 A bedef i
abdef
0.75+ —_—
g abcef
Z abcdef
S 0.50
o0
E
o0
=
0.254 abcde
abcdef abedef
— abcdef
0. T T T T T T
Alzheimer's Normal Rivastigmine Standard HyL HyL HyL SoL SoL SoL.
control control 10mg/kg  0.lmg/ml  200mg/kg 100mg/kg 50mg/kg 200mg/kg 100mg/kg 50mg/kg
abcdef
w B
bedef
0.75-
°
=
£
3
g 0.504
e
=
0.259 acdef
bed - abdef
abcde abcde abcef —
— - Abce abedef abcef
0.00 T T T T — T T
Alzheimer's Normal Rivastigmine Standard HyL HyL HyL SoLL SoLL SoLL
control control 10mg/kg  0.Img/ml  200mg/kg 100mg/kg 50mg/kg 200mg/kg 100mg/kg 50mg/kg
Fig. 6 HPLC analysis of (A) serotonin and (B) dopamine in the brain tissues of rats treated with hydroponically (HyL) and soil-grown (Sol) lettuce.
Values expressed as means (n=3) = SD with *p <0.05 in comparison with Rivastigmine representing “a’, SoL 200 mg/kg representing “b’, SoL 100
mag/kg representing “c’, Sol. 50 mg/kg representing ‘d” Alzheimer’s control representing “e” and normal control representing “f” with all respective
concentrations of HyL and controls
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Quantification of dopamine and serotonin

Quantification of neurotransmitters, including dopamine
and serotonin, was performed using analytical HPLC-
1200 (Agilent). The analysis was performed in triplicate,
and results are presented in Fig. 6. First of all, the pure
standard of dopamine and serotonin were separately
quantified as 1.05419pg/ml and 0.5266 pg/ml, respec-
tively. The controls exhibited an apparent difference in
dopamine and serotonin levels, zero for Alzheimer’s
control and highest in Rivastigmine (positive control)
compared with the normal control group (Fig. 6a). SoL
treatment induced a significant rise with p<0.001 in
the level of serotonin (0.9846 ug/mg of tissue), while
HyL treatment had a lower effect on the serotonin level
(0.1264 pg/mg of tissue). In the case of dopamine, both
HyL and SoL showed a moderate but significant increase
with p<0.001 in the neurotransmitter level compared
with controls (Fig. 6b). Reports claim that this serotoner-
gic system plays a crucial role in interactive learning and
memory retention by linking the cholinergic, dopamin-
ergic and glutaminergic systems [94]. Preclinical reports
suggest that receptors of these specific neurotransmit-
ters ligands are responsible for increasing neurogenesis,
cholinergic neurotransmission, neuronal plasticity and
reduction of amyloid burden in the brain [94]. Evidence
supports the role of serotonin signalling on AP and tau
proteins accumulation in the brain [95, 96]. Amyloid pre-
cursor protein and tau proteins [97] are known for accu-
mulating clinical symptoms even decades before disease
manifestation.

Conclusion

Overall, Lactuca sativa showed antidiabetic, cytoprotec-
tive, anti-oxidant and memory enhancement properties.
Our study can be used as the baseline for further inves-
tigation in finding treatment for diseases like Alzhei-
mer’s, diabetes and cancer. Additionally, we use the HyL
approach in this study, which provides a viable alternative
to solvent-based whole-plant extraction to produce sec-
ondary metabolites.
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