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INTRODUCTION 
Diabetes, a chronic metabolic disorder marked by impaired insulin 
production or utilisation, has reached epidemic proportions around the 
world. Millions of people are affected by the disease, putting a 
signicant strain on healthcare systems and economies. Diabetes is 
associated with a variety of complications that have a signicant 
impact on quality of life and increase morbidity and mortality rates 
among those affected.[1]

The A1C measurement, continuous glucose monitoring (CGM) using 
time in range (TIR) and/or glucose management indicator (GMI), and 
blood glucose monitoring (BGM) are used to assess glycemic control. 
To date, A1C has been the metric used in clinical trials to demonstrate 
the benets of improved glycemic control. "Diabetes Technology") is a 
useful tool for diabetes self-management, which includes meal 
planning, physical activity, and medication adjustments, especially for 
people who use insulin.[2]

Type 2 diabetes mellitus (T2DM) is the most common type of diabetes, 
accounting for roughly 90% of all diabetes cases. It is caused by a 
combination of insulin resistance and insufcient insulin secretion. 
T2DM is frequently linked to lifestyle factors such as sedentary 

behaviour, poor dietary habits, and obesity. Type 1 diabetes (T1DM) is 
an autoimmune disease that causes the destruction of insulin-
producing beta cells in the pancreas, resulting in absolute insulin 
deciency. Other types of diabetes, such as gestational diabetes, pose 
serious health risks, especially to pregnant women and their 
children.[3]

Diabetes complications are numerous and affect a variety of organ 
systems. Diabetes' chronic hyperglycemia causes the development of 
microvascular and macrovascular complications. Microvascular 
complications primarily affect small blood vessels, such as those in the 
eyes (diabetic retinopathy), the kidneys (diabetic nephropathy), and 
the nerves (diabetic neuropathy). Macrovascular complications affect 
the body's large blood vessels and increase the risk of cardiovascular 
diseases like coronary artery disease, stroke, and peripheral arterial 
disease.[4]

Diabetes and its complications necessitate a multifaceted approach 
that includes lifestyle changes, glucose-lowering medications, and 
targeted interventions to address specic complications. While 
conventional diabetes management has advanced, there is a growing 
interest in investigating alternative therapeutic strategies that offer 
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improved efcacy, fewer side effects, and disease-modifying 
potential.[5]

Literature Review
Diabetes mellitus is a chronic metabolic disorder characterised by 
hyperglycemia, underutilization of blood glucose, and defects in 
macronutrient metabolism such as carbohydrates, fat, and protein as a 
result of insulin action disruption. Type 1 diabetes is caused by insulin 
deciency caused by pancreatic beta-cell failure. As a result, diabetic 
patients require exogenous insulin injections, whereas insulin-
independent patients do not respond to insulin and can thus be 
managed through lifestyle changes.

Effective disease-modifying therapies aimed at preserving 
endogenous insulin production could not only improve these 
outcomes, but also, if administered early enough in the disease's 
course, eliminate the need for insulin replacement.[6]

Diabetes Mellitus Pathophysiology, Type 1 And Type 2.
Type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM) 
are both characterised by abnormally high blood glucose levels, and 
until the 1930s, when 'insulin-sensitive' and 'insulin-insensitive' 
diabetes were distinguished, all patients with diabetes were thought to 
have a shortage of insulin production.

The pathophysiology of the two diseases has been extensively 
researched since then, and T1DM is now relatively well understood. To 
summarise, the patient's immune system attacks and destroys beta cells 
in the pancreatic islets, resulting in insulin deciency. The causes of the 
immune response are unknown, but they are thought to be both genetic 
and environmental.[7]

T2DM pathophysiology is still poorly understood today. Most patients 
have insulin resistance when they are diagnosed: the pancreas 
produces insulin, but the body cannot use it effectively. The pancreas 
initially compensates by producing more insulin, and patients have 
increased beta-cell mass. Insulin production will eventually decline, 
typically several years after diagnosis, with a corresponding drop in 
beta-cell mass, and many people with T2DM will eventually require 
insulin. Although the underlying cause is unknown, it is believed that 
liver, fat, and muscle cells, in addition to pancreatic beta cells, all play a 
role.[8] 

Excess glucose binds to free amino groups in tissue or blood proteins 
and body uid in the chronic state, interfering with their functions. 
This nonenzymatic reaction produces advanced glycosylation end 
products (AGEs). The glycation reaction alters the structure and 
function of biomolecules, particularly proteins. Diabetes 
complications are known to be exacerbated by AGE formation.

Diabetes can be treated and controlled in a variety of ways, including 
the administration of insulin or hypoglycemic drugs, dietary control, 
and exercise. Furthermore, chemical drugs have low long-term 
efcacy, are prohibitively expensive, and have severe side effects, such 
that some patients cannot tolerate prolonged treatment or high dosages 
of these drugs. Herbal medicines, on the other hand, are regarded as 
potential sources of medication due to their benecial effects, 
negligible side effects in clinical trials, and low cost. [9]

Although insulin pump technology has advanced, today's pumps 
deliver insulin subcutaneously, and the delay while insulin is absorbed 
into the bloodstream limits software's ability to accurately regulate 
blood glucose. Intravenous insulin delivery has been hampered by 
catheter complications, and surgically implanted pumps are costly. 
None of these technological challenges are insignicant, but given the 
rate of technological advancement, we can expect more practical 
options for patients within the next ten years.[10] 

Pharmacological Solutions
Due to its relatively modest glucose-lowering effects, bromocriptine is 
likely to be used in only a minority of patients, but it may spark new 
avenues of research for diabetes treatments, as is always the case when 
new drug classes are identied. 

Metformin is also associated with weight loss, though the amount lost 
is insufcient to meet FDA weight loss drug criteria (at least 5% of 
body weight). Metformin is now recommended by guidelines for 
preventing or delaying diabetes in people with elevated glucose levels 
and a BMI greater than 35 kg/m2 [11]

AMPK (activated protein kinase) appears to be important. The role of 
AMPK and potential activators is being studied extensively, and this 
appears to be the most exciting line of inquiry into a possible cure for 
T2DM at the moment.

Previous study has revealed the role of AMPK signalling in improving 
insulin sensitivity for diabetic patients. Furthermore, AMPK 
upregulation protects cells from stress and cell death.[12]

We often think of glucose as the fuel for cells, but it is only one of the 
fuels used to produce adenosine triphosphate (ATP), the actual energy 
source in every cell. Individual cells' energy balance is maintained by 
the enzyme AMP-activated protein kinase (AMPK), which is activated 
when the ATP-to-adenosine monophosphate (AMP) ratio falls. 
Because AMPK is the'master switch' that regulates energy intake and 
expenditure, it is a potential therapeutic target in T2DM patients. If 
AMPK can be activated, the resulting signaling pathways could be 
manipulated to restore energy balance, making people more t and less 
likely to develop insulin resistance, without requiring a reduction in 
energy intake or weight loss.[13]

Some of these theoretical effects are already being conrmed by 
studies of AMPK activators. Sedentary mice, for example, were shown 
to improve treadmill performance when given an oral AMPK agonist 
called AICAR. The polyphenol resveratrol, an AMPK modulator 
found in red wine, appears to protect mice from diet-induced obesity 
and insulin resistance. It has also been shown to mimic the effects of 
calorie restriction in obese people.[14]

Different complexes of AMPK localise to the liver, adipocytes, or 
skeletal muscles, and a drug targeting these complexes with high 
specicity could selectively restore energy balance without harming 
other tissues.

AMPK activation (green lines) stimulates energy-generating 
pathways while inhibiting energy-consuming pathways (red lines) in 
several tissues. AMPK activation increases glucose uptake and fatty 
acid oxidation in skeletal muscle and the heart. AMPK activity in the 
liver inhibits fatty acid and cholesterol synthesis. AMPK activation 
also reduces lipolysis and lipogenesis in adipose tissue. AMPK 
activation in pancreatic -cells is linked to decreased insulin secretion. 
AMPK activation increases food intake in the hypothalamus.[15] 

Fig (2):  AMPK Signaling Activation

Phlorizin was later discovered to be a non-specic inhibitor of sodium-
glucose cotransporter (SGLT) proteins, and several different types of 
SGLT proteins have been identied since then. These proteins perform 
their functions independently of insulin. Inhibiting these proteins was 
found to result in changes that favourably improve carbohydrate 
metabolism, making it an appealing concept for diabetes treatment.

Sodium-glucose cotransporter 1 (SGLT1) proteins are glucose 
transporters with high afnity but low capacity. They are found in the 
small intestine as well as the kidney's proximal tubule. Inhibiting 
SGLT1 can cause gastrointestinal problems, including severe diarrhea. 
The SGLT1 proteins in the kidney's proximal convoluted tubule 
account for less than 10% of ltered glucose reabsorption. The role of 
SGLT1 proteins in the intestine is still unknown, but evidence from 
dual inhibitors suggests that they may play a role.[16]

Because of their weight loss and antihypertensive properties, SGLT2 
inhibitors may be a useful option in obese and hypertensive patients. 

Insulin
Insulin is used to treat patients with all types of diabetes. Human 
insulin preparations (both NPH and regular insulin) do not mimic 
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endogenous insulin secretion (both basal and postprandial). Then 
insulin analogues were created (aspart, lispro, glulisine, detemir, 
glargine, degludec, and U-300). They have improved the exibility 
and effectiveness of diabetes management. Both are present in very 
rapid-acting insulin analogues: For pre-meal coverage, it is faster and 
has a shorter duration of action than regular insulin, whereas long-
acting analogues have a longer duration of action, allowing once-daily 
dosing; it also has less day-to-day variability.Insulin degludec reduced 
HbA1c as well as insulin glargine, with a lower risk of conrmed and 
nocturnal hypoglycemia.[17]

Biological Solutions
In recent years, natural products and their derivatives have received a 
lot of attention as potential therapeutic agents for diabetes and its 
complications. These compounds, derived from various natural sources 
such as plants, animals, fungi, and microorganisms, provide a wide range 
of bioactive constituents with diverse pharmacological activities. Using 
natural products in diabetes research not only provides a rich source of 
novel compounds, but it also capitalises on traditional medicinal 
knowledge passed down through generations. [18]

Natural products frequently have pleiotropic effects, which means 
they can target multiple pathways at the same time. This trait is 
especially important in the complicated pathophysiology of diabetes, 
where dysregulation occurs at multiple levels. Natural products and 
their derivatives have the potential to provide comprehensive and 
synergistic benets in diabetes management by addressing multiple 
underlying mechanisms at the same time.[19]

Polyphenols derived from Ochrophyta/Phaeophyceae (brown algae), 
including avonoids and phenolic acids, have sparked interest due to 
their potential anti-diabetic properties. These compounds have 
antioxidant and anti-inammatory properties, which can aid in the 
reduction of oxidative stress and chronic inammation associated with 
diabetes. Some brown algae-derived polyphenols, such as 
phlorotannins, have been shown to inhibit -glucosidase and -amylase 
enzymes, resulting in lower glucose absorption and better glycemic 
control.[20]

Fucoxanthin, a carotenoid found in brown algae, has shown promise in 
diabetes management by improving insulin sensitivity by stimulating 
glucose uptake in skeletal muscle cells and adipocytes. Furthermore, 
certain algae-derived pigments have antioxidant and anti-
inammatory properties, suggesting that they may play a role in 
reducing diabetes-related complications.

Algae-derived compounds have been found to inuence pancreatic -
cell insulin secretion. Some compounds have been shown to increase 
insulin secretion in response to elevated glucose levels, assisting in the 
maintenance of proper glucose homeostasis. This effect is especially 
benecial in people who have impaired insulin secretion, such as 
people with type 2 diabetes.[21] 

The scientic name "Anethum" is derived from the Greek word 
"anethon" and the colloquial name "dill." 

Fig. (3): Plant And Seed Of Dill

In diabetic models, administration of various AG seed and leaf 
extracts, as well as its essential oil, signicantly reduced triglycerides, 
total cholesterol, low-density lipoprotein cholesterol (LDL-C), very-
low-density lipoprotein cholesterol (VLDL-C), and glucose levels, 
while increasing HDL-C levels. Many studies, on the other hand, have 
found that AG has hypoglycemic and antioxidant activity. AG's 
antioxidant activity is due to the presence of phenolic 
proanthocyanidins and avonoids in its constituents. [22]

Methodology
Every three months, patients' glycemic targets are measured to see if 
they have been met and maintained. A 14-day CGM assessment of TIR 
and GMI can be used in clinical management as a surrogate for A1C.

Continuous glucose monitoring is an electronic system that records 
glucose levels from a sensor placed under the skin every few minutes. 
The system can send alerts when levels are too high or too low, and 
information can be transmitted to a mobile device such as a phone.

In addition measuring of blood pressure and cholesterol-lowering 
medications, as well as low-dose aspirin, to help prevent heart and 
blood vessel disease.[23]

A random blood sugar test was performed. A blood sample will be 
drawn at random. A blood sugar level of 200 milligrammes per 
deciliter (mg/dL) — 11.1 millimoles per litre (mmol/L) — or higher, 
regardless of when you last ate, indicates diabetes.

A fasting blood sugar test is performed. After you haven't eaten 
anything the night before (fast), a blood sample will be taken. Fasting 
blood sugar levels of less than 100 mg/dL (5.6 mmol/L) are considered 
normal. Prediabetes is dened as fasting blood sugar levels ranging 
from 100 to 125 mg/dL (5.6 to 6.9 mmol/L). Diabetes is diagnosed 
when your blood sugar level is 126 mg/dL (7 mmol/L) or higher on two 
separate tests.[24]

Test for glucose tolerance. You must fast overnight for this test. The 
fasting blood sugar level is then determined. Then you drink a sugary 
liquid, and your blood sugar levels are checked every two hours for the 
next two hours.

Normal blood sugar levels are less than 140 mg/dL (7.8 mmol/L). After 
two hours, a reading of more than 200 mg/dL (11.1 mmol/L) indicates 
diabetes. Prediabetes is dened as a blood sugar level between 140 and 
199 mg/dL (7.8 mmol/L and 11.0 mmol/L).

RESULTS
Blood sugar monitoring, insulin, and oral medications may all be part 
of  treatment plan, depending on the type of diabetes. Eating a healthy 
diet, maintaining a healthy weight, and engaging in regular physical 
activity are all important components of diabetes management.

Type 2 diabetes management entails the following steps:
Ÿ Eating well is important.
Ÿ Exercise on a regular basis.
Ÿ Weight reduction.
Ÿ Diabetes medication or insulin therapy could be used.
Ÿ Monitoring of blood sugar levels.

Physical Exercise
Exercise is essential for losing or maintaining a healthy weight. It also 
aids in blood sugar control. Before beginning or changing your 
exercise programme, consult with your doctor to ensure that the 
activities are safe for you.

Aerobic activity. Choose a fun aerobic exercise like walking, 
swimming, biking, or running. Adults should aim for at least 150 
minutes of moderate aerobic exercise per week, or 30 minutes of 
moderate aerobic exercise on most days of the week.

Resistance training. Resistance exercise improves your strength, 
balance, and ability to perform daily activities more easily. 
Weightlifting, yoga, and callisthenics are examples of resistance 
exercises. Adults with type 2 diabetes should aim for two to three 
resistance exercise sessions per week.

Limit your inactivity. Long periods of inactivity, such as sitting at a 
computer, can be broken up to help control blood sugar levels. Every 
30 minutes, take a few minutes to stand, walk around, or do some light 
activity.

Weight Reduction
Weight loss improves control of blood sugar, cholesterol, triglycerides, 
and blood pressure.

Hyperglycemic hyperosmolar nonketotic syndrome (HHNS). This 
life-threatening condition includes a blood sugar reading higher than 
600 mg/dL (33.3 mmol/L). 

DISCUSSION
Diabetes treatments for both type 1 and type 2:
nsulin injections or the use of an insulin pump, frequent blood sugar 
checks, and carbohydrate counting are all part of type 1 diabetes 
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treatment. Pancreas or islet cell transplantation may be an option for 
some people with type 1 diabetes.

Treatment for type 2 diabetes consists primarily of lifestyle changes, 
blood sugar monitoring, and the use of oral diabetes medications, 
insulin, or both.[25]

Physical activity and exercise are important components of diabetes 
treatment. Promoting exercise within a specic plan provides 
numerous benets in general: Increased insulin sensitivity in tissues, 
benets in lipid prole and blood pressure, weight maintenance or loss, 
cardiovascular benets, better quality of life, psychological well-
being, and depression improvement. Both aerobic and resistance 
exercises have demonstrated benets in people with diabetes through 
increased glucose uptake and decreased insulin resistance.[26]

CONCLUSIONS
Diabetic treatment options should be individualised based on patient 
characteristics such as degree of hyperglycemia, presence of co-
morbidities, and patient preference and ability to access treatments; 
and treatment properties such as effectiveness and durability of 
lowering blood glucose, risk of hypoglycemia, effectiveness in 
reducing diabetes complications, effect on body weight, side effects, 
and contraindications. Also, novel  biological safety and effective 
agents that will improve the quality of life of diabetic patients are being 
developed in the near future.

REFERENCES
1- Lemmerman L.R., Das D., Higuita-Castro N., Mirmira R.G., Gallego-Perez D. 

Nanomedicine-Based Strategies for Diabetes: Diagnostics, Monitoring, and Treatment. 
Trends Endocrinol. Metab. 2020

2- Lagopati N., Pavlatou E. Nanotechnology in Diabetes Management. Interv. Obes. 
Diabetes. 2021;5:419–424. doi: 10.31031/IOD.2021.05.000603. 

3- Passarella P, Kiseleva TA, Valeeva FV, et al . Hypertension management in diabetes: 
2018 update. Diabetes Spectr 2018;31:218–24.

4- Evert AB, Boucher JL, Cypress M, Dunbar SA, Franz MJ, Mayer-Davis EJ, Neumiller 
JJ, Nwankwo R, Verdi CL, Urbanski P, et al. Nutrition therapy recommendations for the 
management of adults with diabetes. Diabetes Care. 2013;36:3821–3842. 

5- Qaseem A, Barry MJ, Humphrey LL, et al. Oral pharmacologic treatment of type 2 
diabetes mellitus: a clinical practice guideline update from the American College of 
Physicians. Ann Intern Med 2017;166:279–90.

6- Lau DC, Teoh H. Impact of Current and Emerging Glucose-Lowering Drugs on Body 
Weight in Type 2 Diabetes. Can J Diabetes. 2015;39 Suppl 5:S148–S154

7- Cotter A.P., Durant N., Agne A.A., Cherrington A.L. Internet interventions to support 
lifestyle modication for diabetes management: A systematic review of the evidence. J. 
Diabetes Its Complicat. 2014;28:243–251. doi: 10.1016/j.jdiacomp.2013.07.003. 

8- Coughlan, K., Valentine, R. J., Ruderman, N. B., & Saha, A. K. (2014). AMPK 
activation: A therapeutic target for type 2 diabetes? Diabetes, Metabolic Syndrome and 
Obesity: Targets and Therapy. Diabetes, Metabolic Syndrome and Obesity: Targets and 
Therapy, 7, 241–253. 

9- Dong, H., Wang, N., Zhao, L., & Lu, F. (2012). Berberine in the treatment of type 2 
diabetes mellitus: A systemic review and meta-analysis. Evidence-Based 
Complementary and Alternative Medicine, 2012, 1–12. 

10- Macpherson, H., Formica, M., Harris, E., & Daly, R. M. (2017). Brain functional 
alterations in Type 2 diabetes—A systematic review of fMRI studies. Frontiers in 
Neuroendocrinology, 47, 34–36. 

11- O'Kane MJ, Bunting B, Copeland M; ESMON study group. Efcacy of self monitoring 
of blood glucose in patients with newly diagnosed type 2 diabetes (ESMON study): 
randomised controlled trial. BMJ 2008;336:1174-1177

12- Gu, C., Li, T., Jiang, S., Yang, Z., Lv, J., Yi, W., … Fang, M. (2018). AMP-activated 
protein kinase sparks the re of cardioprotection against myocardial ischemia and 
cardiac ageing. Ageing Research Reviews, 47, 168–175. 

13- Gasparrini, M., Giampieri, F., Alvarez Suarez, J. M., Mazzoni, L., Forbes Hernandez, T. 
Y., Quiles, J. L., … Battino, M. (2016). AMPK as a new attractive therapeutic target for 
disease prevention: The role of dietary compounds AMPK and disease prevention. 
Current Drug Targets, 17, 865–889. 

14-  Li YY, Yu LF, Zhang LN, et al. Novel small-molecule AMPK activator orally exerts 
benecial  effects  on diabet ic  db/db mice.  Toxicol  Appl  Pharmacol . 
2013;273(2):325–334.

15- Saha AK, Xu XJ, Lawson E, et al. Downregulation of AMPK accompanies leucine- and 
glucose-induced increases in protein synthesis and insulin resistance in rat skeletal 
muscle. Diabetes. 2010;59(10):2426–2434. 

16- Shubrook JH, Bokaie BB, Adkins SE. Empagliozin in the treatment of type 2 diabetes: 
evidence to date. Drug design, development and therapy. 2015;9:5793–803.

17- Watts NB, Bilezikian JP, Usiskin K, Edwards R, Desai M, Law G, et al. Effects of 
Canagliozin on Fracture Risk in Patients With Type 2 Diabetes Mellitus. J Clin 
Endocrinol Metab. 2016 Jan;101(1):157–66. The fracture risk seen in the CANagliozin 
cardioVascular Assessment Study (CANVAS) trial were presented. 

18- Mingrone G, Panunzi S, De Gaetano A, et al. Bariatric-metabolic surgery versus 
conventional medical treatment in obese patients with type 2 diabetes: 5 year follow-up 
of an open-label, single-centre, randomised controlled trial. Lancet 2015;386:964-973

19- Hariri K, Guevara D, Jayaram A, Kini SU, Herron DM, Fernandez-Ranvier G. 
Preoperative insulin therapy as a marker for type 2 remission in obese patients after 
bariatric surgery. Surg Obes Relat Dis 2018;14:332-337

20- Figueiredo, F.; Encarnação, T.; Campos, M. Algae as Functional Foods for the Elderly. 
Food Nutr. Sci. 2016, 7, 1122–1148.

21- Bocanegra, A.; Macho-González, A.; Garcimartín, A.; Benedí, J.; Sánchez-Muniz, F.J. 
Whole Alga, Algal Extracts, and Compounds as Ingredients of Functional Foods: 
Composition and Action Mechanism Relationships in the Prevention and Treatment of 
Type-2 Diabetes Mellitus. Int. J. Mol. Sci. 2021, 22, 3816. 

22- Cummings DE, Arterburn DE, Westbrook EO, et al. Gastric bypass surgery vs intensive 
lifestyle and medical intervention for type 2 diabetes: the CROSSROADS randomised 
controlled trial. Diabetologia 2016;59:945-953

23- Polonsky WH, Fisher L, Schikman CH, et al. Structured self-monitoring of blood 
glucose signicantly reduces A1C levels in poorly controlled, noninsulin-treated type 2 
diabetes: results from the Structured Testing Program study. Diabetes Care 

2011;34:262-267
24- Mannucci E, Antenore A, Giorgino F, Scavini M. Effects of structured versus 

unstructured self-monitoring of blood glucose on glucose control in patients with non-
insulin-treated type 2 diabetes: a meta-analysis of randomized controlled trials. J 
Diabetes Sci Technol

25- Pratley RE, Kanapka LG, Rickels MR, et al.; Wireless Innovation for Seniors With 
Diabetes Mellitus (WISDM) Study Group. Effect of continuous glucose monitoring on 
hypoglycemia in older adults with type 1 diabetes: a randomized clinical trial. JAMA 
2020;323:2397-2406

26- Deiss D, Bolinder J, Riveline J-P, et al. Improved glycemic control in poorly controlled 
patients with type 1 real-time continuous glucose monitoring. Diabetes Care 
2006;29:2730-2732

8  INDIAN JOURNAL OF APPLIED RESEARCH

Volume - 14 | Issue - 01 | January - 2024 |  . PRINT ISSN No 2249 - 555X | DOI : 10.36106/ijar


