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Abstract: This interdisciplinary work communicates identification and quantification of elements
responsible for the bioactive potency of leaves from pointed gourd, trichosanthes dioica,using laser
induced breakdown spectroscopy (LIBS). Calibration-free LIBS determines the presence of various
trace and major elements, their concentrations, and ratios in which they are present in the leaves. The
presence of specific elemental ratios of magnesium/sodium and magnesium/potassium could be
promising for managing diabetes mellitus. Variable doses of 500, 750, 1000, and 1250 mg per kg body
weight of aqueous extract from trichosanthes dioica leaves are administered. A dose of 1000 mg per
kg body weight is found to be the most effective. Based on encouraging results, the extract could be
harvested to serve as anti-diabetic medication for diabetes and associated symptoms.
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1. Introduction
Natural remedies offer alternative or complementary treatments for various diseases
and are usually considered to be safe. For specific diseases that require lifelong pharmaceutical medication, therapeutic safety is important. For example, diabetes mellitus can be a
lifelong disease and is globally of serious concern due to its complications. Several medicinal plants have been studied and scientifically proven to be beneficial for the treatment
of diabetes mellitus [1–4]. Plant-based natural medicines are safe and cost-effective. In
fact, in addition to bioactive phytochemicals, medicinal plants do have bioactive elements
in appropriate ratios, and thus, are helpful in maintaining a balance of trace elements in
disturbed metabolic processes diabetic mellitus [5]. However, medicinal plants need to be
scientifically explored for assessment of efficacy and safety. In addition to phytochemical
analysis, the detection of phyto-elemental composition and elemental ratios of medicinal
plants is expected to play a pivotal role in evaluation of probable medicinal activity.
Recently, laser-induced breakdown spectroscopy (LIBS) has emerged as a promising
analytical spectroscopy for elemental analysis of samples of interest [6]. Although other
conventional analytical spectroscopic techniques such as inductively-coupled plasma mass

© 2022 by the author(s). Distributed under a Creative Commons CC BY license.

2
3
4
5
6
7
8
9

11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 September 2022

doi:10.20944/preprints202209.0337.v1

2

spectroscopy (ICP-MS), atomic absorption spectroscopy (AAS), inductively-coupled plasma
0ptical emission spectrometry (ICP-OES), and flame atomic absorption apectroscopy (FAAS)
are available for elemental analysis, LIBS shows several advantages. Particularly, LIBS
can be rapid, shows minimal environmental loads, requires minimal efforts in sample
preparation, and provides in-situ real-time analysis of the sample in solid, liquid, or
gas phases [7]. Furthermore, LIBS is capable of simultaneous multi elements detection
and evaluation of their concentration and intensity ratios, which help for establishing a
correlation of a particular bioactivity of any part of a plant with their specific elemental
composition.
The current study addresses the generation of the bio-active profile of leaves of thrichosantes dioica from evaluation of elemental ratios with laser-plasma spectroscopy, and
the interpretation of the results in view of the anti-diabetic potency for in vivo models.
Trichosanthes Dioica, or T. dioica, is a vegetable of the cucurbitaceae family. It is widely grown
throughout India and to a lesser extent in other parts of South Asia [8]. It is also known
as ’Parwal’ in Hindi, or colloquially, pointed gourd is called green potato. In addition to
the fruit, it’s leaves are also used as a vegetable. 100 g leaves contain 9.0 mg of magnesium,
2.6 mg of sodium, 83.0 mg of potassium, 1.1 mg of copper, and 17.0 mg of sulphur [9].
Pointed gourd leaves and delicate shoots of are applied in traditional medicinal therapy.
Th literature reveals that the effect of feeding shade-dried leaves to animals impacts their
blood glucose level and lipid profile [10,11]. The plant seeds are commonly used to treat
acid reflux symptoms and diaplay antifungal and antibacterial activities [12]. The present
study was conducted to evaluate the glycemic potency of aqueous extract of T. dioica
leaves on blood glucose levels (BGL) of normal and streptozotocin-induced sub-, mild-,
and severe- diabetic models. For a complete biomedical profile of the aqueous extract of T.
dioica leaves, several other parameters were monitored, including TC, HDL, LDL, VLDL,
TG, AST, ALT, ALKP, and CRTN. Based on the parameter ranges, and especially LFT (liver
function test) and KFT (kidney function test), one can infer that T. dioica leaves should
be developed as a promising anti-diabetic agent for management of diabetes type II and
associated complications.
The present study includes the LIBS-based detection of the elemental composition
of trichosanthes dioica leaves. A calibration-free LIBS, or CF-LIBS, algorithm was applied
for the recorded LIBS spectra of t. diocia leaves to determine their elemental ratios of
Na/K, Mg/Na, and Mg/K. The anti-diabetic behavior of T. diocia leaves has been correlated
with these elemental ratios. The same intensity ratios of the elements Na, K and Mg were
observed in LIBS spectra as for ayurvedic medicines prescribed for the treatment of diabetes
mellitus. The anti-diabetic effect of t. diocia leaves extract was recontrichosanthes dioica
firmed by conducting in-vivo studies on normal-, sub-, mild- and severe- diabetic models.
Variable doses of the extract were given orally, and the impact on the BGL of selected
animals is investigated in this work.
2. Materials and Methods
2.1. Experimental Arrangement for LIBS Instrumentation
Figure 1 illustrates The design of LIBS experiments. The Nd:YAG laser device (Continuum Surelite III-10, USA) is operated at a repetition rate of 10 Hz, delivering pulses
of full-width-half-maximum 4 ns, and maximum laser energy up to 425 mJ at the second
harmonic wavelength of 532 nm. The laser beam is focused onto the sample with a 30 cm
focal length lens to achieve an irradiance of the order of 1 TW/cm2 . The light emitted from
the plasma was collected by a small lens on the tip of the optical fiber that is connected
to the entrance slit of a echelle-grating spectrometer equipped with an intensified chargecoupled device (ICCD). The lens at the tip of the fiber is positioned 1 cm distance from
the laser-plasma. To avoid craters formed by an individual laser-sample interaction, the
sample is mounted on a translational stage and moved so that a fresh sample surface is
available for each laser-plasma generation.
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Figure 1. Schematic diagram of the experimental setup for LIBS.

2.2. Sample Preparation
Fresh leaves of t. dioica in the amount of 5 kg were purchased at a local market in
Allahabad, India, and were subsequently verified by Prof. Satya Narayan, Taxonomist,
Department of Botany, University of Allahabad. A voucher specimen (Allahabad University 321) was also submitted. Leaves were washed, chopped, shade dried, and then crushed
into powder. The Soxhlet technique was employed with distilled water for 36 hours for
extraction of dried powder at 100 degree Celcius. The aqueous extract was filtered and
concentrated in a rotatory evaporator at a temperature of 35 degree Celcius under reduced
pressure to produce semi-solid material, which was subsequently lyophilized to obtain the
powder with a 25.1 percent weight-to-weight yield.
2.3. Animals for the Study
Healthy male albino, Wistar rats at an age range of 6 to 8 weeks and at a weight
in the range of 0.15 to 0.2 kg, served as the subjects in the experiments. Animals were
obtained from the Luknow, India, central drug research institute. The rats were housed in
standard ambient conditions, namely, 25 degree Celcius temperature, 50 % humidity, 12
hours of darkness and light per day, and with free access to water and standard laboratory
diet composed of carbohydrates: 30%, proteins: 22%, lipids: 12%, and vitamins: 3%).
The study was approved by the Allahabad University Institutional Ethical Committee,
83a/a/04/CPCSEA - Committee for the Purpose of Control and Supervision of Experiments
on Animals.
2.4. Induction of Diabetes
In a group of overnight fasted rats, a single intra-peritoneal injection of freshly produced streptozotocin (bought from Sigma Aldrich Chemical Company, USA) at a dose of
55 mg per kg body-weight was given to induce diabetes [13]. The FBG level was checked
after 3 days, and the PPG was continuously monitored up to stable hyperglycemia, which
occurred a week later. Animals with significant hyperglycemia (FBG > 250 mg/dl) were
selected for the study.
2.5. Blood Glucose Level Measurements
Standard kits from Bayer Diagnostics India, Limited, were used to estimate blood
glucose level (BGL) based on the glucose oxidase method [14] and serum levels of TC (total
cholesterol), TG (triglycerides), and HDL (high-density lipoprotein) spectrophotometrically
in accordance with the manufacturer’s instructions based on enzymatic studies [15,16].
However, Friedwald’s formula, VLDL = TG/5, was used to determine the amount of VLDL
(very low-density lipoprotein), and similarly, another Friedwald’s formula, LDL = TC VLDL + HDL, was used to determine the amount of LDL (low-density lipoprotein) [17].
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Serum levels of LFT (liver function tests) [18] viz. AST(aspartate transferase), ALT(alanine
transferase), ALKP (alkaline phosphatase)[19] and KFT (kidney function tests) viz. CRTN
(creatinine) [20] and TPR (total protein) [21] were also estimated using standard kits from
Bayer Diagnostics India Limited. Total Hb (total hemoglobin) was also measured before
and after the therapy [22]. Reagent-based Uristix from Bayer Diagnostics was used to
identify US (urine sugar). All parameters were assessed regularly throughout the long-term
treatment.
2.6. Experimental Design
FBG and GTT experiments were performed with variable doses of aqueous extract of
leaves in normal-, sub-, and mild- diabetic rats to assess hypoglycemic and anti-diabetic
effects. The most effective dose identified was used for long-term treatment of severely
diabetic rats to assess hypo-lipidemic-, hepato-protective-, and renal-protective- efficacies
of the extract.
2.6.1. Assessment of Hypoglycemic Activity in Normal Healthy Rats
Five groups of six rats each were employed in the experiments. Animals in groups II,
III, IV, and V received variable doses of aqueous extract viz. 500, 750, 1000, and 1250 mg/kg
bw, respectively. Whereas, group I served as control group and received vehicle distilled
water only. After administering the extract, blood samples were taken from the tail vein
after 1.5, 3, 4.5, and 6 hours.
2.6.2. Assessment of Hypoglycemic Activity with the Glucose Tolerance Test in Normal
Healthy Rats
A different group of healthy, normal animals received the aqueous extract orally in the
same manner as above, and the effects on FBG were observed hourly for up to two hours.
The BGL value at 2 h was treated as ‘0’ h value for the Glucose Tolerance Test (GTT). The
animals were then orally administrated with 4g/kg of glucose and their glucose tolerance
was studied at 1 h interval for another 3 h. Thus, the total time for collecting the blood was
up to 5 hours.
2.6.3. Assessment of Anti-Diabetic Activity with the Glucose Tolerance Test in Sub- and
Mild- Diabetic Rats
The improvement of glucose tolerance in sub- and mildly diabetic rats was another
way to measure the anti-diabetic impact of the aqueous extract of t. dioica leaves. The rats
were divided in to six groups. Group I served as the control received vehicle (distilled water)
only, whereas groups II, III, IV, and V received variable doses of the Leave extract—500,
750, 1000, and 1250 mg/kg bw, respectively. Blood glucose levels were checked firstly after
90 minutes of treatment considered as ‘0’ h value and then 2 g/kg glucose was given orally
to all the groups. Blood glucose levels were further checked upto three hours at regular
intervals of 1 h each, considered as 1 h, 2 h, and 3 h values. The results were compared with
the VI group of rats, which were treated, with 250 mg/kg of Tolbutamide (hypoglycemic
agent).
2.6.4. Assessment of Anti-Diabetic Activity in Severely Diabetic Rats
For normal, subdiabetic and mild diabetic models, the most effective dose was determined to be 1000 mg/kg. A number of biochemical parameters related to antidiabetic
attribute viz. FBG, PPG, Lipid profiles, Total Protein, Haemoglobin and Enzymatic assays
were taken in to consideration for getting a complete biomedical profile of aqeous extract
of t. dioica leaves. Two groups of 6 rats each were used in the experiment, group I served
as control group, whereas group II was treated daily with a single oral administration of
above mentioned dose. Body weight and Urine sugar were also estimated weekly along
with other biochemical parameters up to 30 days.
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2.6.5. Lethal Dose 50 Experiment
The lethal dose 50, LD50 , experiment was designed to assess the extract’s toxicity. Two
variable doses of 10 g and 15 g of the aqueous extract of t. dioica leaves were given once,
orally to two different groups of rats of both sexes, weighing between 180 and 200 g. After
which, rats were continuously monitored for gross behavioural, neurologic, autonomic,
and toxic consequences. Food intake, face, and urine were also analyzed every two hours
for the first six hours during a period of 24 hours.
2.7. Statistical Analysis
The one-way analysis of variance, ANOVA, was utilized in the statistically analysis
the data. The Statistical Package for the Social Sciences, SPSS, version 7.5 assessed the post
hoc Scheffe test. When the P values were less than 0.05, P < 0.05, results were deemed
significant.
3. Results
3.1. LIBS Experiment
In the present experiment, quantitative LIBS analysis evaluated the elemental composition of the prepared samples of t. dioica leaves that were prepared as discussed in
Section 2.2.
3.1.1. Determination of the Elemental Composition
For the evaluation of the elemental composition of t. dioica leaves, the recorded LIBS
spectra illustrated in Figure 2 were analyzed. The wavelengths of spectral lines in the
LIBS data were identified using the National Institute of Standards and Technology (NIST)
atomic spectroscopic database [23]. The LIBS spectra reveal the presence of the spectral
signature of a volley of elements in the t. dioica leaves. For analysis and discussion, the
LIBS spectra of the sample are displayed in four different spectral regions. The spectra
clearly reveal the presence of spectral elements including C, H, N, O, Na, K, Mg, Fe, Si, Sr,
and Ca. Table 1 collates identified elements and their wavelengths.

Figure 2. LIBS spectra of t. dioica leaves for different spectral regions. (a) 230 to 300 nm, (b) 300 to
400 nm, (c) 400 to 500 nm, and (d) 550 to 900 nm.
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Table 1. List of identified elements in t. dioica samples.
element

wavelength (nm)

carbon (C)
nitrogen (N)
oxygen (O)
hydrogen (H)
calcium (Ca)

247.8
744.2, 746.8, 818.4, 818.8, 821.6
777.3, 844.6
656.3
317.8, 318.2, 370.6, 373.7, 393.4, 396.3, 422.7,
430.2, 430.7, 442.5, 443.4, 443.5, 445.5, 445.6,
445.7, 487.8, 610.2, 612.2, 616.2, 643.9, 646.2,
649.3, 671.7, 714.8, 720.2
279.6, 280.2, 285.2, 383.0, 383.9,
588.9, 589.5
404.5, 404.8, 766.4, 769.8
238.2, 239.5, 240.4, 252.3, 259.8, 263.1, 273.9,
274.9, 275.5, 278.8, 293.6

magnesium (Mg)
sodium (Na)
potassium (K)
iron (Fe)

3.1.2. Semi-Quantitative Analysis
It is important to determine the concentration of trace elements present in any dietary
supplement for the evaluation of the ratios of their consumable amounts. Knowing dietary
supplement ratios is helpful for maintaining a healthy balance and proper regulation
of physiological processes in the human body. Therefore, it is essential to evaluate the
actual concentration and ratios of elements present in any medicine in order to correlate
their specific bioactivity with specific elemental ratios. Kumari et al. evaluated the ratio
of minerals helpful in diabetic management and concluded that in most ayurvedic antidiabetic medicine the ratio of Mg/Na and Mg/K are approximately the same [24]. The
present work also confirms, as shown in Figure 3, that the ratios of spectral intensity of
Mg/Na and Mg/K are the same in t. dioica sample. The elements Ca, Fe, and Mg, are
present in carbohydrate metabolism and also play a vital role in cellular uptake of the
glucose molecule. A low Mg level could be risky for diabetes patients because of the Mg
involvement in insulin activation. Potassium, K, activates beta cells of the pancreas and
helps in the production of insulin in the human body. Thus, low potassium levels could be
risky as well for developing diabetes due to persistent high blood glucose levels. Hence,
the presence of elements like Mg , K , and Na in the sample could be correlated well with
the observed significant efficacy of t. dioica leaves in insulin-dependent diabetes mellitus
(IDDM) [24,25].
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Figure 3. Intensity ratios Mg/Na, K/Na, and Mg/K of t. dioica leaves.

3.1.3. Quantitative Analysis
The importance of various bio-elements in the medicinal activity of plants cannot
be ignored and thus it becomes imperative to detect their presence, concentrations, and
ratios in which they are present in T. dioica leaves sample. Hence, the anti-diabetic activity
of T. dioica leaves could be correlated not only with the presence of Na, K, and Mg but
also with the assessment of specific ratios of Mg/Na and Mg/K, which are just the same
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as in the earlier results of other anti-diabetic ayurvedic medicines [24]. For CF-LIBS one
utilizes recorded intensities of different spectral lines of the elements, however, the laserinduced plasma needs to fulfill three cconditions that must be verified: (i) plasma must be
stoichiometric, (ii) plasma must be optically thin, and (iii) plasma must show local thermal
equilibrium [26–28]. In the laser-plasma experiments, all three conditions are satisfied as
further discussed below.
The calibration curve method is applied in a traditional approach for determination of
concentrations of the constituents present in any materials. In this method, laser-induced
breakdown spectra are recorded for each reference material with known element concentrations, viz. one measures the intensity of a spectral line present in each reference material.
A graph is drawn for spectral intensities versus elemental concentrations in the reference
materials. Calibration curves are established for each element of interest from reference
material with known ingredient concentrations and the same matrix as the unknown target
material. Usually it is challenging to find a reference material with the same matrix as the
material in which concentrations of the constituents are to be determined. In turn, CF-LIBS
method is well-established to determine each constituent’s concentration simultaneously
without requiring reference materials. The results obtained by CF-LIBS are reliable with a
typical uncertainty of less than 10 % [29].
Stoichiometric ablation
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The ablation to be stoichiometric, the laser ablated part of the sample which is converted into the plasma must truly represent the composition of the sample. In this regard,
it is said [26–28] that the laser irradiance greater than 1 GW/cm2 leads to stoichiometric
ablation irrespective of the state of matter and yields a plasma truly representative of
the sample’s elemental composition. Here, in our experiment, the pellet of the sample
is homogeneous. Laser irradiance can be calculated by determining the laser spot size
diameter, D, on the sample surface,
D = 4λ f /πd,

(1)

where λ is the wavelength of the laser beam, f is the focal length of the lens, and d is
the beam diameter of the laser beam. In the present experiment, laser energy per pulse,
E = 15 mJ, λ = 532 nm, f = 30 cm, and d = 0.9 cm. Therefore, the laser spot size
diameter on the sample’s surface amounts to D = 22.6 µm. Consequently, the fluence and
the irradiance are 3.8 × 103 J/cm2 and 0.94 TW/cm2 , respectively. Clearly, in the present
experiment, the laser irradiance is greater than 1 GW/cm2 and fulfills the condition for
stoichiometric ablation.
Optically Thin Plasma
For the validation of optically thin plasma, we have selected the pair of two interferencefree lines of Ca II and Mg II having the same upper energy level and estimated the spectral
intensity ratio followed by Lorentzian fitting. The theoretical intensity ratio has been
estimated by using the other spectroscopic parameters in NIST data. Both the theoretical
and Experimental ratios have been listed in table (2). We observed from the table that the
experimental ratio (I1/I2) is approximately equa1 to the theoretical ratio A1 g1 λ2 /A2 g2 λ1
for the pair spectral lines Ca-II (393.3/396.8) and MgII (279.5/280.2). It is clear from Table 2
that the intensity ratio (I1 /I2 ) of two spectral lines is approximately equal to the ratio
A1 g1 λ2 /A2 g2 λ1 . These results demonstrate that the laser-induced plasma in the present
study is optically thin.
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Table 2. Experimental and theoretical ratio of the spectral line Ca II and Mg II.
element

experimental ratio (I1 /I2 )

theoretical ratio
A1 g1 λ2 /A2 g2 λ1

Ca II (393.3/396.8)
Mg II (279.5/280.2)

1.92
1.98

1.86
2.05

Local Thermodynamic Equilibrium

251

The necessary McWhirter criterion,
Ne (cm−3 ) > 1.6 × 1012 ( T (K))1/2 (∆E(eV))3 ,

(2)

where Ne is the electron density, T the plasma temperature, and ∆E the energy difference
for the corresponding transition, needs to be met for the laser-plasma to be considered in a
state of local thermodynamic equilibrium (LTE). In this work, emission lines of Ca I and
Mg I are selected for graphical display in form of a Boltzmann plot that utilizes emission
intensity and the standard logarithm form,
Iλki = Cs FAki gk
"

k

Iλi
ln
A k i gk

#

=−

e− Ek /(k B T )
,
Us ( T )



Ek
Cs
+ ln
.
kB T
Us ( T )

(3)

(4)

Here, k B is the Boltzmann constant, Us ( T ) the partition function, Cs the concentration, F an
experimental factor. The plasma temperature of each constituent in laser-produced plasma
was determined by using the slope and intercept of the above equation. The average
temperature of the plasma is found to be 10,570 K, as displayed in Figure 4. The sufficient
condition for plasma to be considered in LTE requires that the ionization and excitation
temperatures determined by the Saha-Boltzmann equation and by the Boltzmann plot,
respectively, must be in agreement to within 15 per cent. The Saha-Boltzmann equation
[29],
"
#
" II I I #
I
Iij Amn gm
Eion − dE + EiI I − Em
2(2πme k B T )3/2
+ ln
,
(5)
ln I I I I I = −
kB T
Ne h3
Iij Aij gi
for the ionic and atomic emission ratio serves as sufficient condition for confirmation of
LTE. Here, dE is the lowering correction parameter, i.e., the correction term in the first
ionization potential emerging due to high pressure in the plasma plume. me is the electron
I are the
mass, h Planck’s constant, Eion the element’s first ionization potential. EiI I and Em
ionic and atomic species of an element’s upper energy levels with transition probabilities
I and statistical weights g I I and g I , respectively. Fig. 4 also illustrates the
of AijI I and Amn
m
i
Saha-Boltzmann plot. The slope indicates an ionization temperature of 11,651 K. Excitation
and ionization temperature are within 11 %, consequently, the laser-plasma is in LTE.
For determination of electron density, the Stark-broadened 422.6-nm Ca I line is wellisolated from other atomic lines, see Figure 4 (a). The electron density,
Ne =

∆λ FW HM
,
2wS

252
253
254
255
256
257
258
259

(6)

is proportional to the full-width-at half-maximum (FWHM), ∆λ FW HM , and inversely proportional to the Stark-broadening parameter, wS . From the FWHM of the line profile, the
average, line-of-sight electron number density amounts to Ne = 2.2 × 1018 cm−3 . The
electron density is larger than the necessary McWhirter criteron of 1.6 × 1015 cm−3 for the
422.6-nm Ca I line and for an average, line-of-sight temperature of 10,570 K.
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Figure 4. (a) Lorentzian plot for determination of electron density. (b) Boltzmann plot for determination of plasma excitation temperature. (c) Saha-Boltzmann plot for determination ionization
temperature. Excitation and ionization temperature agree within 11 %, confirming local thermodynamic equilibrium, see text.

Application of CF-LIBS algorithm [30] leads to the following concentrations: 38.2%
Ca, 2.6% Fe, 24.6% Na, 18.4% K, 6.3% Mg, and 0.24% Sr, 7% C, 2.8% N, 0.4% O, and 1.8% H.
Figure 5 displays concentration ratios of Mg/Na, K/Na, and Mg/K that are calculated with
CF-LIBS. These results indicate good agreement with the ratios of the integrated intensities
of Mg/Na, K/Na, Mg/K of t.. dioica leaves samples illustrated in Fig. 3. The experiments
reveal that that spectral intensities of the elements can be used for evaluation of actual
concentrations and concentration ratios of the elements.
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Figure 5. Concentration ratios of Mg/Na, K/Na, and Mg/K, evaluated with CF-LIBS.

3.2. Biochemical Analysis
3.2.1. Effect on Normal Healthy Rats
Table 3 indicates the hypoglycemic impact of a single oral administration of variable
doses of 500, 750, 1000, and 1250 mg/kg bw aqueous leave extract in normal healthy rats,
including the control dose of 0, i.e., distilled water (dw) Treated rats showed a regular fall
of 8.56, 20.36 and 23.87 % from the doses of 500, 750 and 1000 mg/kg bw, respectively, after
6 h. However, a fall of only 14.04% was observed with the dose of 1250 mg/kg bw after the
same time interval.
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Table 3. Effect of graded dose of t. dioica leave aqueous extract on blood glucose leveles (mg/dl) of
normoglycemic rats (mean ± standard deviation) for pre- and post- treatments.
experiment
groups

treatment
(mg/kg bw)

pre-treatment
FBG

post (h)
1.5

post (h)
3.0

post (h)
4.5

post (h)
6.0

control
extract
extract
extract
extract

0 (dw)
500
750
1000
1250

71.5 ± 3.2
72.0 ± 3.5
69.9 ± 3.9
70.3 ± 3.7
71.1 ± 4.6

69.3 ± 3.2
69.7 ± 4.3
64.5 ± 4.2
67.1 ± 4.1
70.4 ± 4.2

73.0 ± 3.6
65.4 ± 4.6
63.1 ± 4.4
64.8 ± 4.3
67.1 ± 4.8

71.5 ± 3.3
61.4 ± 4.2
57.9 ± 4.2
57.8 ± 4.7
65.7 ± 3.6a

71.2 ± 4.0
65.1 ± 3.4a
56.7 ± 3.9
54.6 ± 3.5a
61.2 ± 4.9a

a

P < 0.01 compared with control

3.2.2. Effect on Normal Healthy Rats during Glucose Tolerance Test

280

Table 4 summarizes the study results of aqueous extract of t. dioica leaves on blood
glucose level (BGL) and glucose tolerance test (GTT) of normal healthy rats. Different
doses of 500, 750, 1000 and 1250 mg/kg bw of extract were given orally to overnight fasted
healthy rats. The observed decrease with the doses of 500, 750, 1000 and 1250 mg/kg bw in
BGL after 2 h of administration was 12.28, 9.54, 15.21, and 12.15 %, respectively, and these
BGL’s are considered as the ‘0’ h value. However, the decrease was observed up to 3 h after
glucose administration, and at 1 h intervals. The results show that the percentage decrease
in BGL’s was regular up to the dose of 1000 mg/kg bw and reaches its maximum of 17.28
%. Moreover, a decrease of 14.77 % was observed with the dose of 1250 mg/kg bw at the
same time.

281
282
283
284
285
286
287
288
289
290

Table 4. Effect of graded dose of t. dioica leaves aqueous extract on BGL during GTT of normoglycemic
rats (mean ± standard deviation) for pre- and post- treatments.
experiment

treatment

groups

(mg/kg bw)

pretreatment
FBG

control
treated 1
treated 2
treated 3
treated 4

0 (dw)
500
750
1000
1250

73.3 ± 4.1
69.1 ± 4.6
66.9 ± 5.5
72.5 ± 4.1
69.9 ± 4.6
a

post (h)

post (h)

post (h)

post (h)

1

2

3

4

post (h)
¯
5

75.9 ± 3.2
68.1 ± 5.4
67.8 ± 4.2
65.4 ± 4.1
69.1 ± 3.9

76.5 ± 4.5
67.1 ± 4.3
69.2 ± 3.7
64.8 ± 5.1
67.2 ± 3.8

107.3 ± 4.1
691.3 ± 4.1
591.4 ± 4.4
592.1 ± 4.4
690.1 ± 4.3a

99.6 ± 3.7
83.2 ± 4.3a
81.4 ± 4.4a
81.3 ± 4.4a
684.1 ± 3.8a

91.4 ± 4.5
78.1 ± 3.9
75.1 ± 3.9
75.6 ± 4.1
77.9 ± 3.5

P < 0.01 compared with control

3.2.3. Effect on diabetic rats during Glucose Tolerance Test
Figure 6 and Figure 7 demonstrate the antidiabetic effect of aqueous extract of t. dioica
leaves on sub- and mild- diabetic animals, respectively. Different doses of aqueous extract
as mentioned above along with the standard drug tolbutamide 250 mg/kg bw was given
orally to the groups as defined in the experimental design. The decrease of 13.7, 17.01, 22.0
and 16.3 % in BGL’s of sub-diabetic animals was observed after 3 h of glucose administration
with the doses of 500, 750, 1000 and 1250 mg/kg bw, respectively. However, the dose of 250
mg/kg of tolbutamide reduced the BGL by 24.19 % at 3 h during GTT in sub-diabetic rats,
which is comparable with the dose of 1000 mg/kg bw. Moreover, the maximum decrease
of 22.0 % with 1000 mg/kg bw dose of aqueous extract and 24.19 % with 250 mg/kg bw
doses of tolbutamide was observed after 3 h of glucose administration during GTT. The
decrease of 15.7, 28.79, 31.39 and 30.86 % in BGL’s of mild-diabetic animals was observed
after 3 h of glucose administration with the doses of 500, 750, 1000 and 1250 mg/kg bw,
respectively. However, the dose of 250 mg/kg of tolbutamide reduced BGL by 30.89 % after
3 h during GTT in mild-diabetic rats, which is almost same as with the dose of 1000 mg/kg
bw. Moreover, the maximum decrease of 30.73 % with 1000 mg/kg bw dose of aqueous
extract and 31.95 % with 250 mg/kg bw dose of tolbutamide was observed after 3 h of
glucose administration during GTT.
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Figure 6. Effect of grade doses of t. dioica leaves aqueous extract on BGL during GTT in sub-diabetic
rats. Control: Distilled water, Treated 1: 500 mg/kg bw, Treated 2: 750 mg/kg bw, Treated 3: 1000
mg/kg bw, Treated 4: 1250 mg/kg bw, tolbutamide: 250 mg/kg bw.

Figure 7. Effect of grade doses of t. dioica leaves aqueous extract on BGL during GTT in mild-diabetic
rats. Control: Distilled water, Treated 1: 500 mg/kg bw, Treated 2: 750 mg/kg bw, Treated 3: 1000
mg/kg bw, Treated 4: 1250 mg/kg bw, tolbutamide: 250 mg/kg bw.

3.2.4. Effect on Fasting Blood Glucose, Post Prandial Glucose, and Lipid Profile of Severely
Diabetic Rats
The long-term treatment’s antidiabetic and antilipemic effects on the blood sugar
levels and lipid profiles of severely diabetic rats are shown in Table 5. Rats were treated
with optimum effective dose of 1000 mg/kg bw of aqueous extract once a day at noon
for one month. At the end of the treatment, the animals were compared with their own
initial values and showed a significant reduction of 27.17 % in fasting blood glucose (FBG)
and 31.17 % in post prandial glucose (PPG) levels. The enhanced levels of TG, TC, LDL,
and VLDL cholesterol were brought down significantly to 59.21, 19.15, 9.13 and 56.92 %,
respectively after the treatment period. The aqueous extract has gained much attention due
to their promising improvement of 32.18 % in HDL level in severely diabetic treated group.
Moreover, in untreated group there was a slight fall in HDL levels and slight increment in
all the other above mentioned parameters.
3.2.5. Effect on Aspartate Aminotransferase, Alanine Aminotransferase , Alkaline
Phosphatase, Creatinin, Total Protein, and Total Hemoglobin Levels of Severely Diabetic
Rats
The hepatoprotective impact of long-term therapy is demonstrated in Table 6 on blood
serum levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALKP), and creatinine (CRTN). These indicators are usually measured in
units per liter (u/l). The affected levels of total protein and hemoglobin are also recorded.
In diabetic control rats there was a gradual increase in these all these parameters except
total protein (TPR) and total haemoglobin (Hb) with vehicle (water only). Moreover, the
most effective dose of 1000 mg/kg bw of the aqueous extract produced a fall of 26.19, 39.03,
38.43 and 41.17 %, respectively, in AST, ALT, ALKP and CRTN levels after 30 days treatment.

309
310
311
312
313
314
315
316
317
318
319
320
321

322
323
324
325
326
327
328
329
330
331
332

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 September 2022

doi:10.20944/preprints202209.0337.v1

12

Table 5. Effect of graded dose of t. dioica leaves aqueous extract on blood glucose level and lipid
profile of severely diabetic (SD) rats (mean ± s.d.) for pre- and post- treatment levels.
experiment
animals
FBG (mg/dl)
Normal
(control)
SD (control)
SD (treated)
PPG (mg/dl)
Normal
(control)
SD (control)
SD (treated)
total colesterol
(mg/dl)
Normal
(control)
SD (control)
SD (treated)
HDL colesterol
(mg/dl)
Normal
(control)
SD (control)
SD (treated)
LDL colesterol
(mg/dl)
Normal
(control)
SD (control)
SD (treated)
VLDL
colesterol
(mg/dl)
Normal
(control)
SD (control)
SD (treated)
Triglycerides
(mg/dl)
Normal
(control)
SD (control)
SD (treated)

treatment
(aqueous
extract)

pre-treatment

post (days)

post (days)

post (days)

post (days)

levels

7

14

21

28

0 (dw)

82.3 ± 3.4

85.7 ±2.9

84.5 ± 4.5

83.8 ± 4.9

3.5a

4.7a

4.8a

85.3 ±3.8

0 (dw)
1000 mg/kg bw

287.4 ± 5.6
297.3 ± 4.6

290.8 ±
273.5 ± 4.5a

302.5 ±
255.6 ± 4.4a

299.8 ±
223.9 ± 4.8a

298.8 ± 4.8a
211.2 ± 4.9

0 (dw)

161.6 ± 5.1

161.9 ± 4.8

162.1 ± 4.8

161.4 ± 5.2

162.6 ± 4.2

0 (dw)
1000 mg/kg bw

446.9 ± 4.7
437.3 ± 3.4

5.2a

455.4 ±
385.2 ± 5.0a

3.7a

457.8 ±
353.4 ± 4.2a

4.1a

453.5 ±
321.3 ± 4.1a

462.9 ± 3.7a
303.2 ± 4.1a

0 (dw)

94.5 ± 4.1

96.0 ± 3.9

97.9 ± 3.7

97.2 ± 3.1

97.0 ± 3.3

0 (dw)
1000 mg/kg bw

117.9 ± 4.1
116.5 ± 4.9

115.8 ±
101.7 ± 4.3a

115.3 ±
99.9 ± 4.5a

114.6 ±
93.5 ± 5.3a

115.2 ± 5.1a
94.9 ± 5.0a

0 (dw)

27.6 ± 4.1

28.9 ± 4.6

29.7 ± 4.5

28.8 ± 3.8

29.9 ± 4.1

0 (dw)
1000 mg/kg bw

23.9 ± 2.9
21.1 ± 3.6

3.1b

23.6 ±
25.3 ± 4.8b

3.6b

22.5 ±
25.4 ± 5.2b

3.8b

23.2 ±
27.8 ± 5.4b

23.3 ± 3.1b
28.1 ± 6.2b

0 (dw)

53.1 ± 3.6

53.3 ± 3.7

53.8 ± 4.0

55.6 ± 4.1

54.7 ± 3.6

0 (dw)
1000 mg/kg bw

51.8 ± 3.3
54.6 ± 2.8

6.4a

52.4 ±
48.2 ± 3.2a

5.4a

55.6 ±
51.1 ± 4.1a

4.2b

53.6 ±
47.9 ± 5.3b

53.9 ± 4.1b
49.3 ± 4.2a

0 (dw)

14.2 ± 2.9

14.3 ± 2.3

14.4 ± 2.5

14.5 ± 2.7

14.6 ± 2.4

0 (dw)
1000 mg/kg bw

41.7 ± 5.2
40.6 ± 3.3

4.5a

39.4 ±
32.3 ± 4.3a

4.2a

36.2 ±
20.4 ± 5.3a

4.8a

38.3 ±
17.4 ± 4.3a

38.9 ± 4.8a
17.5 ± 4.5a

0 (dw)

91.9 ± 4.7

91.4 ± 4.1

92.8 ± 4.2

91.2 ± 3.1

92.8 ± 4.3

0 (dw)
1000 mg/kg bw

198.3 ± 4.1
204.9 ± 4.3

196.7 ± 4.8a
160.5 ± 4.8a

184.2 ± 4.4a
100.9 ± 4.1b

190.5 ± 3.6a
88.5 ± 4.6a

199.7 ± 3.1b
87.4 ± 4.8a

a
b

5.1a

P < 0.001 compared with control
P < 0.01 compared with control

5.1a

4.1a
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The unique observation indicated a promising improvement of 36.36 and 15.78 % in protein
and haemoglobin levels, respectively.

333
334

Table 6. Effect of graded dose of t. dioica leaves aqueous extract on serum enzymes, total protein, and
total hemoglobin of severely diabetic (SD) rats (mean ± s.d.) for pre- and post- treatment levels.
experiment
animals
AST (u/l)
Normal
(control)
SD (control)
SD (treated)
ALT (u/l)
Normal
(control)
SD (control)
SD (treated)
Alkaline
Phasphatase
(u/l)
Normal
(control)
SD (control)
SD (treated)
Serum
Creatanine
(u/l)
Normal
(control)
SD (control)
SD (treated)
total
haemoglobin
(g/dl)
Normal
(control)
SD (control)
SD (treated)
total protein
(mg/dl)
Normal
(control)
SD (control)
SD (treated)

treatment
(aqueous
extract)

pre-treatment

post (days)

post (days)

post (days)

post (days)

levels

7

14

21

28

0 (dw)

21.1 ± 3.4

21.6 ± 2.9

21.4 ± 3.4

21.6 ± 4.1

21.8 ± 3.5

0 (dw)
1000 mg/kg bw

37.5 ± 4.6
37.8 ± 4.6

3.7a

35.2 ±
36.4 ± 3.9a

3.5a

35.7 ±
35.2 ± 3.6a

3.9a

36.8 ±
33.4 ± 4.2a

36.3 ± 3.9a
27.9 ± 4.4a

0 (dw)

21.6 ± 3.4

21.8 ± 4.3

21.2 ± 4.2

21.9 ± 4.8

21.6 ± 4.1

0 (dw)
1000 mg/kg bw

37.3 ± 3.1
39.2 ± 4.6

3.2a

36.5 ±
38.3 ± 4.3a

3.6a

38.1 ±
34.1 ± 4.2a

4.2a

37.3 ±
29.7 ± 4.6a

37.8 ± 3.1a
23.9 ± 3.7a

0 (dw)

91.9 ± 5.1

90.3 ± 4.7

91.2 ± 4.4

91.9 ± 3.9

91.9 ± 3.4

0 (dw)
1000 mg/kg bw

163.6 ± 4.5
166.5 ± 4.7

164.9 ±
169.9 ± 4.4a

165.2 ±
145.9 ± 4.1b

166.1 ±
114.6 ± 4.9a

168.7 ± 4.2a
102.5 ± 5.1b

0 (dw)

0.9 ± 0.1

0.8 ± 0.3

0.8 ± 0.5

0.9 ± 0.6

0.8 ± 0.3

0 (dw)
1000 mg/kg bw

1.4 ± 0.5
1.7 ± 0.6

0.7a

1.5 ±
1.7 ± 0.5a

0.5a

1.7 ±
1.3 ± 0.4a

0.4a

1.6 ±
1.2 ± 0.4a

1.8 ± 0.6a
1.0 ± 0.4a

0 (dw)

13.9 ± 2.4

13.6 ± 2.4

14.1 ± 2.4

14.0 ± 2.3

14.2 ± 2.3

0 (dw)
1000 mg/kg bw

10.5 ± 3.2
11.4 ± 2.9

2.4a

10.5 ±
12.4 ± 2.5a

3.6a

10.1 ±
14.2 ± 2.3a

2.5a

10.6 ±
13.1 ± 2.6a

10.0 ± 2.4a
13.2 ± 2.7a

0 (dw)

8.8 ± 1.9

8.6 ± 1.3

8.6 ± 1.5

8.9 ± 2.4

8.9 ± 2.3

5.4 ± 2.5
5.5 ± 2.3

2.6a

1.8a

2.5a

5.5 ± 1.4a
7.5 ± 2.3a

0 (dw)
1000 mg/kg bw
a
b

4.4a

5.2 ±
5.7 ± 2.3a

4.2a

5.4 ±
6.5 ± 2.1a

4.9a

5.6 ±
7.2 ± 1.8a

P < 0.001 compared with control
P < 0.01 compared with control

3.2.6. Effect on Urine Sugar and Body Weight of Severely Diabetic Rats
The effects of the most effective dose of the aqueous extract, 1000 mg/kg bw, on the
body weight and urine sugar levels of severely diabetic rats and the control group are shown
in Table 7. Urine sugar results of 0 are usually indicated as nil, and strip-measurements
showed +, ++, +++, or ++++ as noted in the table. The urine sugar levels decreased 75 %
and the body weight increased by 16.7 % after treatment with the effective dose. In turn,
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336
337
338
339
340
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enhanced levels of urine sugar accompanied with weight loss were observed in the control
group.

341
342

Table 7. Impact of the most effective dose of t. dioica aqueous extract on urine sugar and body weight
in normal and severely diabetic (SD) rats (mean ± s.d.) for pre- and post- treatment levels.
experiment
animals
urine sugar
Normal
(control)
SD (control)
SD (treated)
body weight
(g)
Normal
(control)
SD (control)
SD (treated)

treatment

pre-treatment

post (days)

post (days)

post (days)

post (days)

levels

7

14

21

28

0 (dw)

nil

nil

nil

nil

nil

0 (dw)
1000 mg/kg bw

+++
++++

+++
++++

++++
+++

++++
++

++++
+

0 (dw)

210 ± 10

210 ± 10

210 ± 10

200 ± 10

210 ± 10

0 (dw)
1000 mg/kg bw

260 ± 10
250 ± 10

250 ± 10
240 ± 10

240 ± 10
240 ± 10

240 ± 10
230 ± 10

230 ± 10
230 ± 10

extract)

3.2.7. Lethal Dose 50
The experiment was conducted with normal healthy rats. The behavior of the treated
rats appeared normal. No toxic effect was reported at doses up to 10 and 15 times of the
effective dose of the aqueous extract as no mortality was observed in any of these groups.
4. Discussion
Application of LIBS delivers the elemental composition of t. diocia leaves. These
leaves are instrumental for the lowering of an elevated BGL, and consequently, can be
used for therapy and management of diabetes. Elements including Na, K, Ca, Mg and
Fe, and elemental ratios plays a vital role in managing diabetes. Noteworthy is that the
ratios of Mg/Na and Mg/K, determined by CF-LIBS in aqueous extract of t. diocia leaves,
indicate similar trends as observed for other anti-diabetic medicines. The t. diocia plant is
traditionally used as a vegetable in today’s Indian food system and as well in the ayurvedic
system of medicine [31].
The communicated work demonstrates considerable hypoglycemic and antidiabetic
efficacy of t. diocia leaves corroborated by short- and long- term studies. FBG studies on
normal rats show the greatest hypoglycemic impact (23.8 percent) in less than 6 hours,
see Table 3. Whereas, the GTT studies on normal rats demonstrate that the hypoglycemic
impact was initiated within 1 hour and intensified later, see Tab. 4. This implies that within
about one hour the active components of aqueous extract induces the hypoglycemic effect
after reaching the target tissues through circulation. The data also confirms that a significant
effect persists for the next three hours after the glucose administration.
The GTT results reveal an improvement in glucose tolerance of sub- and mild- diabetic
animals reflecting a significant drop in high blood glucose levels. The results with a dose
of 250 mg/kg bw of tolbutamide, a synthetic drug, are comparable with the dose of 1000
mg/kg bw of the aqueous extract. This would indicate a similar mechanisms of action. STZ
induces type II diabetes in which pancreatic insulin-secreting cells get destroyed [32,33],
consequently, the elevated blood glucose levels in the diabetic animals used in this study
are consistent with type II diabetes. Hence, t. diocia aqueous extract, which supposedly acts
as an insulin secretion enhancer by activating beta cells could be considered an important
and useful treatment in the context of type II diabetes.
In cases of normal-, sub-, and mild- diabetic animals, the dose of 1000 mg/kg bw was
found to be the most effective dose, therefore, this dose was used to treat the animals with
severe diabetes for further studies. It has been noted frequently that hyperlipidemia is
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always associated with hyperglycemia. As indicated in medical literature, hypertriglyceridemia is the most prevalent lipid abnormality [33]. Numerous studies have linked
elevated blood triglyceride levels to a higher risk of stroke. If high levels of TC and LDL
cholesterol persist, then LDL has a propensity to adhere to the blood vessel walls, stimulating atherosclerosis, which in turn causes heart attacks and strokes. Consequently, high
levels of LDL cholesterol increases the danger of developing heart disease that may induce
stroke [34]. There is currently a volley of data supporting the notion that HDL is a beneficial
lipid, as high levels are linked to low rates of heart disease while low levels are linked
to higher rates. After 30 days of treatment, the animals in the current study with severe
diabetes had increased HDL cholesterol levels and considerably decreased levels of TC,
LDL, VLDL, and TG.
Other biochemical parameters taken into consideration, for assessing the improvement
in LFT and KFT of severely diabetic animals, include AST, ALT, ALKP, CRTN, and TPR. AST
is located in the liver and it is released into the serum when the liver suffers from damage.
Increased levels of AST in serum cause heart attacks and muscle disorders. Although ALT
is not just found in the liver, liver damage causes it to be released into the bloodstream. As
a result, it acts as a pretty accurate measure of liver health. Although ALKP is present in a
variety of organs, its significant presence in the liver cannot be ignored. Hence, elevated
levels of ALKP are indicative of liver disease, or bile tract obstruction. However, high levels
of CRTN cause renal failure. The reduction of raised levels of AST, ALT, ALKP, and CRTN
by the treatment of aqueous extract of t. dioica leaves suggests that it could be explored
as an anti-hyperglycemic agent and as an hepato-protective and renal protective agent to
manage diabetic complications as well. The additional advantageous results in this study
include a reduction in urine sugar level, an increase in body weight and total protein level.
It has considerable value for human subjects too due to its traditional use as an Indian
vegetable and its high LD50 , showing a great margin of safety.
5. CONCLUSIONS
The present study reveals the fact that LIBS could be used as an advanced analytical
tool to identify and quantify the elements and their ratios responsible for the medicinal
profile of herbs that are part of the ayurvedic system of medicine. The elemental ratio of
Mg/Na and Mg/K in the aqueous extract of t. dioica leaves are the same and also follow the
same trend as reported in traditional medicine that is prescribed for treatment of diabetic
patients. Based on the results of all parameters specially from LFT (Liver Function Test) and
KFT (Kidney Function Test), it could be said that the aqueous extract of t. dioica leaves could
be developed as an anti-diabetic drug for the management of diabetes and its complications.
Further characterizations of active components in t. dioica leaves are of future interest.
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LIBS
ALKP
ALT
AST
BGL
bw
CRTN
dw
FBG
GTT
h
Hb
HDL
kg
LDL
mg
PPG
SD
s.d.
STZ
t. dioica
TC
TPR
TG
US

Laser Induced Breakdown Spectroscopy
Alkaline Phosphate
Alanine Transferase
Serum Separate Transferase
Blood Glucose Level
body weight
Creatinine
distilled water
Fasting Blood Glucose
Glucose Tolerance Test
hours
Haemoglobin
High Density Lipoprotein
kilogram
Low Density Lipoprotein
milligram
Post Prandial Glucose
Severly Diabetic
standard deviation
Streptozotocin
trichosanthes dioica
Total Cholesterol
Total Protein
Tri-Glyceride
Urine Sugar
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