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Abstract

Diabetes, a fifth leading disease in terms of causing death
and having a complex syndrome. Many anti-diabetic drugs
are still in the market but due to their resistance, side-
effects, and toxicity, the effective treatment has been
restricted. Focusing on the problem, this paper is focusing
on herbal treatment (medicinal plants) for curing diabetes
by generalizing the computational model to examine the
response of selected medicinal plants on the regulatory
model of glucose and insulin for the patients having type-1
diabetes. Glucose and universal insulin variables have been
considered in this computational model. How the glucose
and insulin behave in the patients suffering from type-1
diabetes has also been shown by obtaining the numerical
values with the impact of medicinal plants. The conclusion
of this study proposes that blood glucose levels decrease
with the impact of parts of the medicinal plant like
coriander seeds, black myrobalan, amla, sweet basil, garlic
inday by the day consuming.

Introduction:

Diabetes, a constantly recurring metabolic disorder of fats,
proteinsand carbohydrates signalized by the elevated levels
of blood sugar in the body, leading to a condition of
hyperglycemia (more than 180 mg/ dl of blood glucose
level) after the intake of any kind of meal (Modak et al.,
2007; Kooti et al., 2016; Lemos Costa et al., 2011). Oxidative
stress and high concentration of reactive oxygen species is
also the cause of diabetes.The B—cells are responsible for
secreting insulin upon recognition of high blood glucose
levels. Insulin causes the lowering of blood sugar
concentration by increasing the rate of uptake of blood
glucose (Rottschafer, 2017). The a—cells secrete glucagon
which lowers down the concentration of blood glucose.
Glucagon's role is to break down the glycogen to glucose in
liver and muscle cells, causing an increased level of blood
glucose (Rottschafer, 2017).

Antagonist effects of insulin and glucagon help in
restoring the normal glucose levelsin the blood plasma. But
in diabetic patients, this regulatory mechanism of Glucose-
insulin- glucagon is disrupted (Réder et al., 2016; Jiang et
al., 2003).

Mainly there are two categories of diabetes occur
namely- Type1and Type2.

Type1 (Juvenile Diabetes): It is insulin-dependent diabetes.

Here, the immune system attacked the f—cells, responsible
forthe production of insulin (Adapa & Sarangi, 2015).

Type 2 (Adult onset Diabetes): It is non-insulin-dependent
diabetes. In this, cells do not respond to the insulin or cells
develop resistance to insulin. It occurs Insulin is not being
used by fat; muscle and liver cells to take glucose into the
body's cells to utilize for energy. Consequently, the body
desires supplementary insulin to help glucose penetrate
cells (Adapa et al., 2015; Kazi, 2014). However, Diabetes
type-2isthe most prevalent type of diabetes (Lal, 2016).
According to WHO (2019), around 422 million adults
are suffering from diabetes and around 1.6 million deaths
are directly endorsed to diabetes annually. With time,
increased concentration of blood glucose can cause severe
damage to the heart, kidneys, blood vessels, nerves, eyes.
Gut Microflora is having a significant purpose in the
regulation of metabolic activities. Due to the imbalances in
the gut microbes, the number of butyrate-producing
bacteria decreases resulting in the low level of sulfate and
resistance to oxidative stress (Raman, 2016). Further, as per
some study, individuals who work on shifts have a 37% more
increased risk as compared to the normal population within
an overall increased risk of 9%. This is because, shift workers
have to suffer from increased appetite and also their regular
sleep-wake cycle disrupted due to which resistance to
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insulin develops (Raman, 2016; Gan et al., 2015).

Although several medications such as glucose-
lowering drugs or anti-diabetic drugs including
Metformin, biguanides, sulfonylureas, meglitinide,
thiazolidinedione (TZD), dipeptidyl peptidase 4 (DPP-4)
inhibitors, sodium-glucose cotransporter (SGLT2)
inhibitors, and a-glucosidase inhibitors (Chaudhury et al.,
2017; Modak et al., 2007) are available in the market but the
results not showing its cure completely. Moreover, drug
resistance, toxicity, and side effects are some of the
disadvantages of these treatments due to which there is a
need to shift these medications towards the some
traditional treatments by means of herbal ways.

In the history of medicine, plants are considered as the
major source of drugs. Rigveda contains the description of
all the curative properties of the medicinal plants. Later,
many synthetically derived chemical drugs came into
existence which falls due to their disadvantages such as
drug resistance, side effects and toxicity. But, in the current
scenario, again, traditional medicines (plant-based) are
being used ina positive way.

The front line drug- Metformin for treating Diabetes
Mellitus, consists of Galega officinalis as an active
ingredient that proves to be an efficacious oral glucose-
lowering agent (Modak et al., 2007).

Medicinal plants “Coccinia indica, Azadirachta indica,
Syzygium cumini, Terminalia chebula, Ficus racemosa,
Momordica charantia, Swietenia mahagoni, Allium
sativum, Eugenia jambolana, Momordica charantia,
Ocimum sanctum, Phyllanthus amarus, Pterocarpus
marsupium, Tinospora cordifolia, Trigonella foenum
graecum and Withania somnifera” have been reported that
have effective response in the treatment of Diabetes
(Modak et al., 2007; Kooti et al., 2016). These plants help to
increase the body's resistance against infection and purifies
the blood. These plants are reported to have a hypoglycemic
activity which helps to decrease the glucose level in blood
plasma, resulting ina better cure fordiabetic patients.

The components of many plants include natural
antioxidants, flavonoids, tannins, vitamins C and E that
retain the ability of [B-cells to secrete insulin and hence
decrease blood glucose levels (Kooti et al., 2016).

The components of many plants include natural
antioxidants, tannins, vitamins C and E that retain the
ability of B-cells to secrete insulin and hence decrease blood
glucose levels. These are used as an anti-diabetic and anti-
hyperglycemic remedy in India. Extracts of these medicinal
plants can be used toreduce glucose in the blood.

In the given table some of the potential plants have
been highlighted with respect to their Active constituents
and Mechanism related toanti-diabetic effect or properties.

Methodology:
The Mathematical Model: it is composed of glucose and
insulin level ‘G’andT. The above system can be described by
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the ordinary differential equations considering many

parameters including the parameter of medicinal plants as

well. The differential equation model is:
dG/dt=-(A-a,)G+AI+G, (1)
dl/dt=-(A+a )I+A+AG+I, (2)

Variablesand parametersaredescribed as:

G (t): “Concentration of glucose in blood plasmaat time t (mg/dl)”

I(t):" Concentration of insulin in plasmaat time t (LU/ml)”

G,: “Thisisthe basalvalue of plasma glucose (mg/dl)”

: “Thisisthe basal value of plasma insulin (uU/ml)”

: “Insulin independent rate constant of glucose rate uptake in A,
muscles, liverand adipose tissue (min-1)”.

: “Therate of decrease in tissue glucose uptake ability (min-1)”.

: “The insulin-independent increase in glucose uptake ability in
tissue perunitof insulin concentration Ib (min-2 (uU/ml)”

: “The first-order decay rate for insulin in plasma (min-1)
pancreatic 3-cellsrelease insulin”

: “The rate of the pancreatic f3-cells’ release of insulin after the
glucose injection and with glucose concentration above h
[(uU/ml) min* (mg/d1)"]

a;: “Therate of change of blood glucose level upon intake of active

constituents of medicinal plants”.

Eliminating G & I from set of equations (1) & (2) we get

D*G+w’DG+20G=s...... (3)
D’I+w’DI+20l=s,..... (4)

Where

W(A-a)(A+A)-A A,

20=(A-a)(A+A)

S,:AZI,,+(A3+A4)G,,

S=(A-a)+AQG,

Theanalytic solution of the proposed mathematical model
If S=(t)=e" sin wt and S,(t)=0

G=e" [ X cos wt+Y sin wt+ Bsin wt/w] (5)
I= e"' [ Mcos wt+N sin wt] (6)

Numerical solution

Case 1 (a): If a type-1diabetic person in not using medicinal

plantsin day today life.
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Figure 1(a): Untreated, 6 hours of blood glucose and insulin
concentration curve fora patient having type-1diabetes.
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Table-1: Medicinal plantand theirpotentiality against the disease

Plant (Common Name): Family

Active constituents Mechanism References

Allium sativum (Garlic): Alliaceae
Ethyl ether extract Antihyperglycemic activity Patel et al.,

Allicin (increase insulin activity)  2012; Singh

S-allyl cystein - Hypoglycemic activity et al., 2010;

sulfoxide (SACS)  (increase insulin discharge Bnouham et
from pancreatic beta cells) al., 2016;
Antioxidant and Modak et
secretagogues activity al., 2007

Coriandrum sativum (Coriander): Apiaceae
P-cymene, linalool Enhances beta cells activity. Rahimi, 2015;
Blood glucose lowering Aissaoui et
activity. al., 2on

Phyllanthus emblica (Amla): Euphorbiaceae
Phyllanthin Hypoglycemic activity,
Alkaloids, phenolic anti- oxidant,
compounds, Ahypolipidemic activity
chromium.

Giovannini et
al., 2016; Sri
Sri et al., 2013

Ocimum basilicum (Sweet/ Great basil): Lamiaceae

Eugeno Blood glucose lowering Miraj et al.,
Methanol-dichlo- activity. Anti-hyper- 2016; Kéita
romethane leaf glycemic activity. et al., 2000;
extract, Methanol, Glucose transporter Mbaoji et al.,
hexane & dichloro- activity. 2014; Kadan
methane extracts et al., 2016.

Terminalia chebula (Black myrobalan): Combretaceae

Chloroform Anti diabetic and Rao et al.,

extract renoprotective effects 2006; Senthil
Kumar et al.,
2008;Khan
et al., 2015.

Figure 1 (a) represents the behavior of glucose and insulin
suffering from type 1 diabetes without using the medicinal
plants. It is showing how the level of glucose rises from
morning I.e. 50 mg/DL to 190 mg/DL within 2.5 hours of
breakfast.

Case 1 (b): If a Type-1diabetic person in using medicinal
plantsin dailylife routine fora week.

As per Kusirisin et al. (2009) Value estimation for,
Garlic=0.487mg/dl; Coriander seeds= 0.306mg/dl; Sweet
Basil=0.296mg/dl; Black Myrobolar=0.063mg/dl;
Amla=0.001mg/dl.
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Figure-1(b): Graph of 6 hours of blood glucose and insulin curve
foratype-1diabetic person using medicinal plants.
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Figure 1 (b) speaks to the glucose and insulin behavior
on the regulatory model of the patient suffering from type 1
diabetes when the patient is using parts of medicinal plants
like coriander seeds, black myrobalan, amla, sweet basil,
garlic in the diet for a week. It depicts that the glucose level
of a type-1 diabetic person has been controlled after using
medicinal plants in daily life. Also, the effect of Garlic is
maximum due to its hypoglycemiceffect.

Conclusion:

Many anti-diabetic drugs are still available in the market
but due to their resistance, toxic and side effects, the
effective treatment has been restricted. Herbal treatments
(the utilization of therapeutic plants) provide a better
approach, cure and the executives’ treatment for the
patients having diabetes. The generalized Mathematical
Model describes the change in the level of blood glucose
upon using different parts of the medicinal plant as a drug
and their effect on the Glucose- Insulin regulatory system.
Different medicinal plants have chosen possess the
antihyperglycemic activity due to the presence of active
constituents such as flavonoids, tannins, phenolic, and
alkaloids which help the diabetic patients in reducing their
blood glucose level.

Numerical solutions for each of the plant has been
figure out for a week and found to be stable. The graph
determines the change in the concentration of blood
glucose levels in the patient suffering from type 1 diabetes
upon intake of active parts of different medicinal plants.
Eachofthe 5 therapeutic plants picked can reduce the blood
glucose level; however, Allium sativum (Garlic) shows the
bestresultsin the context of treating type -1diabetes.
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