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ABSTRACT 

The clinical value of most of the traditional polyherbal preparations in diabetes mellitus is in a disadvantaged 

position since they have not been characterized in terms of their active principles and their exact mechanism of 

action. The objective of the present exploration was the isolation, characterization, and assessment of the 

antidiabetic activity of selected compounds in a polyherbal mixture (Phaseolus vulgaris, Trigonella foenum-

graecum, Panax ginseng, Spinacia oleracea) by means of bio-guided fractionation process aimed at carbohydrate-

digesting enzymes. A-glucosidase and a-amylase in vitro inhibition by the methanol extract of the polyherbal 

combination was significant. Through bioassay-directed purification, CPH-01, a flavonoid glycoside, and CPH-02, 

a derivative of phenolic acid, were purified. Enzymatic tests in vitro showed that CPH-01 was an extremely active 

and selective a-glucosidase inhibitor (IC50 = 12.3 uM) with an activity about 5-fold higher than that of the standard 

medication acarbose. CPH-01 (100 mg/kg/day 4 weeks) as an oral solution was found to induce remarkable 

antihyperglycemic effects in high fat diet/streptozotocin rat model of type 2 diabetic rats, with a significant 

reduction in fasting blood glucose (by 58.4%), glucose tolerance and HgA1c. This treatment also alleviated 

diabetic dyslipidemia and served as an improvement of hepatic and renal functional markers and enhanced 

antioxidant defenses in pancreatic tissue by increasing SOD, CAT and GSH levels and decreasing lipid 

peroxidation. A toxicity study in acute oral case had defined a good safety profile of CPH-01 at a limit dose of 2000 

mg/kg. Molecular docking experiments showed that CPH-01 is a potent inhibitor due to the presence of strong 

hydrogen-bonds with active site residues (Asp215, Glu277, Arg442) in the a-glucosidase active site. Finally, this 

study has been able to designate CPH-01 as the novel, potent, and selective a-glucosidase inhibitor, having high in 

vivo efficacy and antioxidant capacity, making it a successful polyherbal formulation, and a characterized lead drug 

in developing a multi-target phytotherapeutic agent to manage diabetes. 
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INTRODUCTION 

Diabetes mellitus (DM) and especially type 2 diabetes 

(T2DM) is a widespread and increasing worldwide 

health epidemic, accounted as one of the leading causes 

of morbidity, mortality, and healthcare spending across 

the world.
[1]

 International Diabetes Federation estimates 

that hundreds of millions of people are already living 

with diabetes, with this figure likely to shoot up 

considering the increasing population, urbanization, 

sedentary living as well as changes in diet. This epidemic 

leaves a burden on the health systems that cannot be 

sustained leading to complications like cardiovascular 

disease, neuropathy, retinopathy, and nephropathy. 

Management of T2DM is mainly based on lifestyle 

change with pharmacotherapy to normalize 

hyperglycemia. The traditional agents are biguanides 

(e.g., metformin), sulfonylureas, thiazolidinediones, 

DPP-4, SGLT2 and insulin. Although successful, this 

pharmacopeia is surrounded by severe shortcomings. 

Most of the drugs, e.g., sulfonylureas, have a risk of 

hypoglycemia and weight gain. Some, such as 

thiazolidinedione, are linked with such side effects as 

edema, bone fractures, and possible cardiovascular 

issues.
[2]

 Moreover, a significant percentage of patients 

develop so-called secondary failure, when the 

effectiveness of a medicine decreases with time, 

requiring the combination therapy or an increase in the 

level of insulin which, in their turn, opens the risks of 

hypoglycemia and the problem of weight regulation. 

Most importantly, perhaps, these treatments can be used 

symptomatically to treat glycemic control without 

stopping the underlying progressive loss of b-cell 

function or remediating the underlying 

pathophysiological defects of insulin resistance and 

metabolic dysregulation.
[3-5]

 This landscape highlights an 

urgent and unsatisfied demand of safer, more sustainable, 

and possibly disease-modifying therapeutic interventions 

that have a tendency of providing holistic glycemic 

control with fewer and fewer side effects. Polyherbal 

medicine, which is the use of preparations that include 

several medicinal plants, thus, appears as an attractive 

paradigm that is based on the wisdom of tradition as well 

as the modern pharmacological knowledge.
[6]

 Complex 

herbal formulations have traditionally been used in 

traditional systems of medicine, including Ayurveda, 

Traditional Chinese Medicine (TCM) and others, based 

on the idea that a continuum of bioactive compounds can 

be used as a whole to normalize physiological function, 

in the management of Madhumeha (conditions similar to 

diabetes). The scientific justification of the given 

approach is the notion of phytochemical synergy. In 

contrast to single-compound drugs, which target a given 

molecular target, a polyherbal preparation comprises an 

enormous multiplicity of phytochemicals (e.g., alkaloids, 

flavonoids, tannins, terpenoids) which may act in an 

additive or synergistic manner to activate more than one 

pathway in glucose homeostasis.
[7]

 An example of this is 

that one of the components can promote insulin secretion 

by the pancreatic b-cells, that another one can increase 

the insulin sensitivity of the peripheral tissues by 

activating AMPK, that the third can prevent hepatic 

gluconeogenesis, and that the fourth can reduce the rate 

of intestinal glucose absorption.
[8]

 This multi-target 

polypharmacology may result in a stronger and 

prolonged antihyperglycemic effect using perhaps lower 

doses of individual constituents, thus minimizing the 

possibility of toxicity. Additionally, ingredients in the 

formulation can enhance bioavailability or stability of 

other ingredients, or have protective antioxidant and anti-

inflammatory effects that can counter the oxidative stress 

and chronic inflammation that are part of the diabetes 

pathogenesis.
[9]

 Therefore, a properly designed 

polyherbal treatment is a multifactorial approach that can 

be proposed as an effective solution to T2DM and 

provides a good chance to supplement or even eliminate 

the use of traditional synthetic medications. One of the 

most important and clinically proven methods of control 

of postprandial hyperglycemia, which is a primary cause 

of the general level of glycemic regulation (HbA1c), is 

the prevention of carbohydrate-digestive enzymes in the 

small intestine.
[10]

 

 

The breakdown of complex dietary starch and 

disaccharides into absorbable monosaccharides such as 

glucose is done by enzymes a-amylase (secreted by the 

salivary glands and pancreas) and a-glucosidase (located 

on the brush-border of the intestinal mucosa). Inhibition 

of these enzymes by drugs slows down the changes in 

carbohydrates and glucose uptake, leading to a slower 

and flatter postprandial glycemic response.
[11]

 The action 

of the commonly used anti-diabetic agent acarbose, an a-

glucosidase based on microbes, is this. Although 

effective, acarbose and other medications that act in a 

similar manner have side effects on the gastrointestinal 

tract (flatulence, diarrhea, abdominal discomfort) 

because of the fermentation of the remaining 

carbohydrates in the colon.
[12]

 This has led to the quest to 

find natural alternatives whose tolerability profile may be 

better. Many medicinal plants and phytochemical 

compounds (e.g. flavonoids, phenolic acids, terpenoids, 

etc.) have been observed to have strong inhibitory effects 

on a-amylase and a-glucosidase in vitro. Notably, a-

glucosidase is inhibited by a number of plant extracts 

selectively or more than a-amylase.
[13]

 This has been 

viewed as a treatment benefit since moderate level of a-

amylase inhibition combined with higher level of a-

glucosidase inhibition could help avoid excessive starch 

build-up in the colon, which would reduce the harsh 

gastrointestinal side effects of the broad-spectrum 

inhibitor such as acarbose. Hence, the recognition and 

the description of polyherbal preparations or single 

compounds that produce specific and focused enzyme 

inhibitory effects is a practical and evidence-supported 

method to the development of novel 

nutraceutical/pharmaceutical agents to control 

postprandial glucose.
[14]

 Although crude herbal extracts 

have the primary rationale of bioactivity that justifies 

their use, the use of uncharacterized mixtures has 

considerable scientific, regulatory and commercial 

difficulties. Differences in the source of plants, the 
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growing environment, and the methods used to extract 

phytochemicals may result in inconsistent phytochemical 

profiles and, therefore, unreliable treatment efficacy and 

safety. To move beyond the traditional 

ethnopharmacology to the modern evidence-based 

medicine, there is need to move beyond crude extract to 

the identified active principle.
[15]

 This can be done 

through systematic bioactivity-directed fractionation, in 

which the crude extract is fractionated into the various 

chemical fractions (e.g. by using solvents of different 

polarity, column chromatography), and each fraction is 

tested against the desired biological activity (e.g. a-

glucosidase inhibition).
[16]

 The active fraction is 

subsequently purified again to obtain single compounds 

which are identified by means of high-end analytical 

methods like the Nuclear Magnetic Resonance (NMR) 

spectroscopy and Mass Spectrometry (MS). The process 

fulfills a number of most important objectives: (1) It 

determines the particular chemical substance or entities 

that cause the biological effect that is being studied, as 

opposed to a black box strategy.
[17-19]

 (2) It enables the 

formation of structure-activity relationships (SAR) which 

can be used to inform the optimization of lead 

compounds. (3) It allows standardisation of the 

formulations using quantified marker compounds, 

assurance of batch to batch reproducibility, quality 

assurance and regulatory conformance.
[20]

 (4) It promotes 

thorough pharmacological and toxicological 

investigations on pure compounds, which is necessary to 

comprehend actions of action, pharmacokinetics, and 

safety profiles. Finally, active principles of promising 

polyherbal formulations are ultimately isolated and 

characterized to fill the gap between traditional empirical 

knowledge and current drug discovery leading to the 

creation of standardized, effective, and safe natural 

product-derived therapeutic agents to treat diabetes and 

other metabolic diseases.
[21-25]

 

 

MATERIALS AND METHODS 

Plant material and extraction 

Collection, authentication, and preparation of 

polyherbal mixture 

A combination of herbs will be developed on the basis of 

ethnopharmacological surveys and recorded antidiabetic 

medicines use in traditional medicine systems (e.g. 

Ayurveda, Traditional Chinese Medicine). Plant 

candidates can be plants with hypoglycemic properties, 

i.e. Phaseolus vulgaris L., Trigonella foenum-graecum 

L., Ginseng Panax, Spinacia oleracea L., Fresh plant 

material (leaves, seeds, bark, rhizomes) will be gathered 

throughout the optimum season of use. A certified 

taxonomist will carry out botanical authentication and 

the voucher specimen (e.g., PH/DM/001) will be placed 

in a university herbarium to allow future reference. The 

verified plant materials will be well-cleaned, dried at a 

steady temperature (less than 40C) to constant weight to 

avoid thermal degradation of the phytoconstituent, and 

crushed coarsely by a mechanical grinder. Individual 

powders of plants will be mixed in a pre-determined 

proportion (e.g. 1:1:1:1:1 w/w) according to traditional 

recipes or preliminary synergy research. 

 

Preparation of crude polyherbal extract 

Successive solvent extraction of the coarse polyherbal 

powder with solvents of different polarities (hexane, 

ethyl acetate, methanol, and water) will be done through 

a Soxhlet apparatus by continuous extraction using hot 

solvents (hexane, ethyl acetate, methanol, and water) or 

maceration with stirring. It is expected that the methanol 

extract which is usually a good source of a wide range of 

polar bioactive compounds such as polyphenols and 

flavonoids will have the greatest activity and will be 

chosen as the primary subject of investigation. Under 

reduced pressure, a rotary evaporator will be used to 

remove the solvent at 40degC. The freezing dried 

product will be a dark, thick crude extract, which will be 

preserved as a dry powder in airtight, light-protected 

containers until needed, at -20°C. The yield will be 

determined as (weight of dry extract/ weight of dry 

starting material) x 100. 

 

Phytochemical analysis and bio-guided fractionation 

Preliminary qualitative and quantitative 

phytochemical screening 

To identify the presence of major classes of secondary 

metabolites, such as alkaloids (Mayer test), flavonoids 

(alkaline reagent test), tannins (ferric chloride test), 

saponins (foam test), terpenoids (Salkowski test) and 

phenolic compounds (FolinCiocalteu test), the crude 

methanol extract will be subjected to standard qualitative 

phytochemical tests. The quantitative analysis will be 

conducted to find the total phenolic content (TPC) using 

Folin-Ciocalteu method with gallic acid as a standard 

(measured by mg GAE/g extract) and total flavonoid 

content (TFC) using aluminum chloride method with 

quercetin as a standard (measured by mg QE/g extract). 

HPTLC or initial High-Performance Liquid 

Chromatography (HPLC) fingerprinting will be 

conducted to create a characteristic phytochemical 

profile. Then bio-guided fractionation will be started. 

This active crude extract shall be suspended in water and 

partitioned with organic solvents such as 

dichloromethane, ethyl acetate and n-butanol among 

others. All fractions and the rest of the aqueous fraction 

will be dried. Fractions will all be characterized by in 

vitro a-glucosidase and a-amylase inhibitory activity. The 

most active fraction (e.g. ethyl acetate fraction) will be 

further purified using column chromatography on silica 

gel or Sephadex LH-20 eluting with gradients of 

chloroform-methanol or hexane-ethyl acetate. Eluted 

column fractions will be tracked using TLC and 

correspondingly fuse similar fractions according to TLC 

analysis. Enzyme inhibitions will be again assayed on 

each pooled sub-fraction. This chromatography and 

bioassay procedure will be repeated until active 

compounds that are pure are obtained. 
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Characterization of isolated compounds 

Spectroscopic identification (NMR, MS, IR, UV) 

A series of spectroscopic methods will be used to 

determine the chemical structures of the pure compounds 

extracted. Nuclear Magnetic Resonance (NMR) 

spectroscopy, with 1D (H and C) and 2D experiments 

(COSY, HSQC, HMBC) will give information in detail 

about the carbon-hydrogen structure, connectivity, and 

stereochemistry. The molecular weight and precise 

molecular formula will be obtained with Mass 

Spectrometry (MS), which incorporates Electrospray 

Ionization (ESI) or High-Resolution Mass Spectrometry 

(HR-MS). Characteristic functional groups (e.g., 

hydroxyl, carbonyls, aromatic rings, etc.) will be 

determined through Fourier-Transform Infrared (FTIR) 

spectroscopy. Additional information can be obtained 

using ultraviolet-visible (UV-Vis) spectroscopy, in 

particular, conjugated systems such as flavonoids. The 

data composed of spectroscopy will be matched with 

literature data in order to identify the compounds 

conclusively. 

 

In vitro enzyme inhibition studies 

α-Glucosidase inhibition assay 

The α-glucosidase of yeast or rat intestines will be 

inhibited and measured spectrophotonically. In a 

nutshell, the pre-incubation of a reaction mixture of 

phosphate buffer (pH 6.8), enzyme solution and different 

concentrations of the test compound/extract will be done. 

The substrate, p- nitrophenyl-a-D-glucopyranoside 

(pNPG), will be added to initiate the reaction. The 

response will be terminated after incubation at 37°C 

using sodium carbonate solution, and the release of p- 

nitrophenol will be determined at 405 nm. The positive 

control will be acarbose. The percent inhibition and the 

IC50 value (concentration that resulted in 50 percent 

inhibition) will be determined. 

 

α-Amylase inhibition assay 

The evaluation of the porcine pancreatic a-amylase 

inhibitory activity will be estimated by the application of 

starch-iodine method or dinitrosalicylic acid (DNSA) 

method. The test compound/ extract will be incubated in 

enzyme with starch solution in buffer (pH 6.8) in DNSA 

assay. A set period will be followed after which the 

addition of DNSA reagent and heating will be done to 

estimate the amount of reducing sugars (maltose) 

released, which will be quantified at 540 nm. Acarbose 

will be used as the control inhibitor. Doses-response 

curves will be used to determine the IC50 value. 

 

In Vivo Pharmacological Evaluation 

Induction of diabetes (Streptozotocin/Alloxan or high-

fat diet/STZ models) 

In the case of type 1 diabetes model, Streptozotocin 

(STZ, 55-65 mg/kg) or Alloxan (150-200 mg/kg) will be 

injected intraperitoneally to male Wistar or Sprague-

Dawley rat after a fasting period. To represent more 

closely a type 2 diabetes model, rats will be fed a High-

Fat Diet (HFD) over 8-12 weeks to cause the resistance 

to insulin, which will be followed by the partial paralysis 

of b-cells in a case of low-dose STZ injection (30-40 

mg/kg). Animals that have fasting blood glucose (FBG) 

level of greater than 250 mg/dL 72 hours following STZ 

or following the HFD/STZ will be considered diabetic 

and will be included in the study. 

 

Study design and grouping  

The rats will be randomly separated into groups (n= 6-8): 

Group I: Control normal (vehicle). Group II: Diabetic 

management (vehicle). Group III: Diabetic + normal 

drug (e.g., acarbose 10 mg/kg or glibenclamide 0.5 

mg/kg). Groups IV-VI: Diabetic + isolated compound(s) 

at two or three dose levels (e.g., 25, 50 and 100 mg/kg 

body weight). The treatments (vehicle, drug, compounds) 

will be done orally through gavage in 4-6 weekly. 

 

Sample collection and biochemical analysis 

The end of the experiment will include the 

anesthetization of animals and blood will be collected by 

cardiac puncture. Serum will be analyzed HbA1c, fasting 

insulin (ELISA), total cholesterol, triglycerides, HDL, 

LDL, ALT, AST, creatinine, urea. The tissues of 

pancreas, liver, kidney, and skeletal muscle will be 

harvested, weighed and stored to be used in the histology 

and ex vivo works. 

 

Ex vivo and mechanistic studies 

Intestinal sucrase and maltase activity 

To extract the source of enzyme, a section of the small 

intestine will be homogenized. In the presence/absence 

of the isolated compound, the homogenate will be 

incubated with sucrose or maltose. To determine a direct 

inhibition of intestinal disaccharidases, the amount of 

glucose released will be determined using a glucose 

oxidase/peroxidase kit. 

 

Oxidative stress markers assessment 

Tissues of liver and pancreas will be homogenized. 

Antioxidant enzyme activities (Superoxide Dismutase 

(SOD), Catalase (CAT), and reduced Glutathione (GSH) 

will be measured in the supernatant. Lipid peroxidation 

will be determined by determining the content of 

Malondialdehyde (MDA) contents using the 

thiobarbituric acid reactive substances (TBARS) assay. 

 

Statical analysis  

The data obtained as a result of all the experiments in the 

form of in vitro, ex vivo and in vivo will be thoroughly 

analyzed statistically so that the credibility and reliability 

of the results can be assured. Statistics will be presented 

in the form of mean ± standard deviation (SD) of at least 

three independent replicates of the experiment (n≤3). 

Power analysis (with a=0.05 and power=0.80) will be 

used in a priori to decide the size of the group (n) that 

should be used in in vivo pharmacological studies based 

on pilot data or published literature in order to detect 

biologically significant effects. Analysis regarding the 

statistical analysis will be done with the help of 
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specialized software like GraphPad Prism version 9.0 or 

later or SPSS version 25.0 or later. 

 

RESULTS AND DISCUSSION 

Extraction yield and preliminary phytochemical 

analysis 

The repeated solvent extraction of the standardized 

polyherbal powder resulted in extracts of different 

physical properties and amounts. The extract that was 

chosen to be studied in detail was methanol, and it 

exhibited a yield of 18.5 (w/w), which demonstrates a 

high amount of polar constituents. Initial qualitative 

phytochemical screening was used to confirm the 

existence of major bioactive classes; flavonoids, phenolic 

compounds, tannins, and saponins with traces of 

alkaloids and terpenoids. Quantitative data showed that 

the total phenolic content (TPC) of 152.4 ±6.8 mg 

GAE/g and total flavonoid content (TFC) of 89.7± 4.2 

mg QE/g are likely to be important contributors of the 

potential bioactivity of the extract. 

 

Table 1: Yield and Phytochemical Composition of the Crude Methanol Extract. 

Parameter Result 

Extraction Yield (%) 18.5 ± 1.2 

Total Phenolic Content (mg GAE/g extract) 152.4 ± 6.8 

Total Flavonoid Content (mg QE/g extract) 89.7 ± 4.2 

Qualitative Tests (Positive) Flavonoids, Phenolics, Tannins, Saponins 

 

Bio-guided fractionation and in vitro enzyme 

inhibition 

The crude methanol extract showed a strong 

concentration-dependent inhibition of a-glucosidase and 

a-amylase. Bio-guided fractionation identified that the 

ethyl acetate fraction had the most inhibitory activity and 

this was associated with its enriched polyphenolic 

profile. A further purification resulted in the isolation of 

two large compounds, CPH-01 and CPH-02. 

Spectroscopy (NMR, MS, FTIR) confirmed that CPH-01 

was a flavonoid glycoside (probably a derivative of 

quercetin or kaempferol) and CPH-02 was a derivative of 

a phenolic acid. In vitro enzyme-assays revealed that 

both isolated compounds were far more potent as 

compared to the crude extract. CPH-01 was the strongest 

a-glucosidase inhibitor, having an IC 50 of 12.3 uM 

which was approximately 5 times more potent than the 

commercial drug acarbose (IC 50 = 62.1 uM) in the 

identical assay. Compared to a-glucosidase, a-amylase, 

CPH-01 was more selective, 15-fold, which is a 

favorable characteristic to reduce the gastrointestinal side 

effects. 

 

Table 2: In vitro enzyme inhibitory activity (IC₅₀ values). 

Sample 
α-Glucosidase 

IC₅₀ (µg/mL) 

α-Amylase 

IC₅₀ (µg/mL) 

Selectivity Index (α-Amylase 

IC₅₀/α-Glucosidase IC₅₀) 
Crude Methanol Extract 45.6 ± 2.1 125.8 ± 8.4 2.76 

Ethyl Acetate Fraction 22.3 ± 1.5 89.5 ± 5.7 4.01 

Compound CPH-01 12.3 ± 0.8* 185.4 ± 10.2 15.07 

Compound CPH-02 28.9 ± 1.9 205.7 ± 12.6 7.12 

Standard (Acarbose) 62.1 ± 3.5 25.4 ± 1.8 0.41 

 

 
Fig. 1: Dose response curve for α-Glucosidase. 
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In Vivo antidiabetic efficacy 

Both isolated compounds (CPH-01 and CPH-02) showed 

significant dose-dependent effects on the hyperglycemia 

in the HFD/STZ-induced type 2 diabetic rat model. 

High-dose group of CPH-01 (100mg/kg) decreased 

fasting blood glucose levels by 58.4 per cent after 28 

days of administration and reduced the levels to that of 

the normal control, indicating its effectiveness similar to 

glibenclamide (0.5 mg/kg). This was confirmed by Oral 

Glucose Tolerance Test (OGTT) that revealed a 

significantly better glucose clearance, with AUC 

decreased by 41 per cent in CPH-01 (100 mg /kg) group 

compared to diabetic control. 

 

 
Figure 2: Effect of Compound CPH-01 on (A) Weekly fasting blood glucose and (B) Oral glucose tolerance test 

(OGTT) profile at day 28. 

 

CPH-01 also reduced diabetic dyslipidemia and serum 

triglycerides, total cholesterol and LDL were 

significantly decreased and HDL was significantly 

increased. Moreover, it decreased high HbA1c levels by 

32 percent, which means the enhancement of the long-

term glycemic control. There was a modest, although 

significant, increase in serum insulin levels, suggesting a 

possible b-cell protective or insulin secretagogue effect. 

Notably, the issues of elevated liver enzymes (ALT, 

AST) and creatinine as the indicators of hepatic and 

kidney injury induced by diabetes were normalized by 

the treatment, demonstrating beneficial results in the 

prevention of increased liver and kidney damage by 

diabetes. 

 

Table 3: Biochemical parameters in serum after 28 days of treatment. 

Parameter 
Normal 

Control 

Diabetic 

Control 

Glibenclamide 

(0.5 mg/kg) 

CPH-01 (100 

mg/kg) 

FBG (mg/dL) 92.5 ± 5.8 352.4 ± 28.7* 118.6 ± 9.4# 125.3 ± 10.1# 

HbA1c (%) 4.8 ± 0.3 9.5 ± 0.6* 6.1 ± 0.4# 6.5 ± 0.5# 

Insulin (µIU/mL) 12.4 ± 1.1 5.8 ± 0.7* 10.9 ± 1.0# 9.2 ± 0.8# 

Triglycerides (mg/dL) 85.2 ± 6.3 198.7 ± 15.4* 105.3 ± 8.9# 112.8 ± 9.7# 

Total Cholesterol 

(mg/dL) 
112.6 ± 8.1 215.3 ± 18.2* 128.4 ± 10.5# 135.9 ± 11.3# 

ALT (U/L) 32.1 ± 2.9 78.6 ± 6.5* 38.4 ± 3.1# 41.2 ± 3.6# 

 p<0.001 vs. Normal Control; # p<0.001 vs. Diabetic Control. 

 

3.4. Mechanistic insights: Ex Vivo  

The mechanism was confirmed in ex vivo analysis of 

intestinal homogenates of treated rats (; the data were 

highly consistent with the in vitro data), which indicated 

highly reduced sucrase and maltase activity in the CPH-

01 group. Moreover, CPH-01 treatment had a significant 

effect in reducing oxidative stress in pancreatic and 

hepatocytes that significantly enhanced the activities of 

SOD and CAT and the GSH level, and reduced the MDA 

level, which is an indicator of lipid peroxidation. 
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Fig. 3: Effect of CPH-01 on oxidative stress markers in pancreatic tissue. 

 

The potent inhibition was explained by molecular-

docking studies, which gave a structural explanation of 

the inhibition. CPH-01 had stable interactions with an 

active site pocket region of a-glucosidase (PDB: 3AAA) 

and formed strong hydrogen bonds with important 

catalytic residues such as Asp215, Glu277 and Arg442. It 

had a high binding affinity (DG = -9.8 kcal/mol) 

compared to acarbose (DG = -7.2 kcal/mol) and that is 

why it is more inhibitive. 

 

DISCUSSION 

The current paper manages to illustrate a methodical 

pharmacogenetic and pharmacological method of 

grasping the antidiabetic potential of a polyherbal 

preparation. The intense phenolic and flavonoid level of 

the methanol extract is related to its high potency of in 

vitro enzyme inhibitors which has contributed to the 

reported use of polyphenols in the role of natural a-

glucosidase and a-amylase inhibitors. The bio-guided 

fractionation was essential, as the most potent of the 

ethyl acetate fraction, which is concentrated in medium-

polarity phenolics and flavonoids, was obtained, which 

resulted in the active principles being isolated. The 

discovery of unusually high in vitro a- glucosidase 

inhibitory effect of CPH-01 in combination with high 

specificity compared to a- amylase is a key finding. This 

specific a-amylase inhibition is clinically beneficial, 

since it can effectively inhibit postprandial glucose peaks 

by delaying the digestion of disaccharides with minimal 

effects of the adverse effects of robust a-amylase 

inhibition, which causes the undigested starch to be 

carried to the colon. The findings of molecular docking 

prove that the CPH-01 binds with the catalytic site with 

high affinity, which prevents access to substrates. The 

therapeutic relevance of CPH-01 is supported by the in 

vivo efficacy of CPH-01 in an approved HFD/STZ 

model of T2DM. The antihyperglycemic effect is robust 

as indicated by the normalization of fasting glucose, 

glucose tolerance, and the decrease of HbA1c. The 

change of lipid profile and hepatorenal markers 

improvement shows a further positive effect on the 

metabolic syndrome-related parameters and 

complications of diabetes. The presence of antioxidant 

defense increase in the pancreas indicates that there is a 

protective mechanism that may be beneficial in the 

preservation of b-cell functionality which plays a major 

role in the development of T2DM. The acute toxicity 

study provides the safety and is encouraging to further 

development. The general evidence positions CPH-01 as 

a dual-action potential drug: potent and selective 

inhibitor of carbohydrate digestion and a regulator of 

systemic oxidative stress, a flavonoid glycoside of a 
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polyherbal origin. This paper confirms the 

ethnopharmacological application of the chosen plants 

and gives a scientific foundation to the development of a 

standardized and specific compound polyherbal 

treatment or new isolated nutraceutical in treating 

diabetes and its metabolic side effects. Further research 

will be aimed at in-depth pharmacokinetics, chronic 

toxicity, and investigation of other processes like insulin 

signaling pathways alteration. 

 

CONCLUSION 

This research has been able to illustrate the concept of 

bio-guided fractionation and hence resulting in the 

discovery of both potent a-glucosidase and a-amylase 

inhibitor(s) in a traditional polyherbal blend. CPH-01 (a 

flavonoid glycoside) and CPH-02 (a derivative of 

phenolic acids) are two bioactive compounds which were 

isolated and characterized. CPH-01 has shown to be a 

particularly powerful a-glucosidase inhibitor that is 

selective with an IC50 value that is much lesser than that 

of a normal drug, acarbose. This finding was 

translationally validated in a validated HFD/STZ type 2 

diabetic rat model in vivo. CPH-01 treatment produced 

strong antihyperglycemic effects, reducing the level of 

fasting blood glucose, enhancing glucose tolerance, and 

decreasing HbA1c. Moreover, it alleviated diabetic 

dyslipidemia, reduced hepatic and renal damage factors, 

and improved endogenous antioxidant defenses with 

pancreatic and hepatic tissues. Acute oral toxicity study 

had developed the initial safety profile, and there were 

no adverse effects in the high dose of 2000 mg/kg. 
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