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a b s t r a c t 

Background: Gymnema lactiferum is an edible leafy vegetable plant in the family of Apocynaceae. It has been used 

to control diabetes in the northern part of Sri Lanka for several decades and used as a leaf vegetable from the 

ancient period. However, this plant was not clinically tested for its claimed antidiabetic properties. Therefore, 

this study was conducted in Teaching Hospital Jaffna to establish the efficacy of the plant. 

Objective: The objective of this parallel arm, double-blind randomised controlled phase III trial is to establish the 

efficacy and safety of Gymnema lactiferum. 

Methods: Eligible type 2 diabetes mellitus (T2DM) patients at the Diabetic Centre, Teaching Hospital Jaffna, Sri 

Lanka were randomly allocated to treatment ( n = 160) and control ( n = 160) arms. The treatment arm received 

a tea brew made of G. lactiferum dried leaves (1.5 g in 200 mL of hot water) while the control arm received green 

tea (1.5 g in 200 mL of hot water) daily for 3 months. The patients in both arms were reviewed at the baseline 

and the end of 1st, 3rd and 6th months for FPG, HbA1c, blood pressure, body weight and lipid profiles. 

Results: Statistically significant reductions in HbA1c (treatment arm: -0.47 %, P = 0.0000; control arm -0.26 %, 

P = 0.0009) and FPG (the control arm: − 0.42 mmol/L, P = 0.0388) from the base values were observed at the 

end of the 3rd month. In the subgroup analysis that evaluated the participants with poorly controlled glycemia 

(HbA1c ≥ 8), which accounted for over 52 % of all participants, a clinically significant reduction in HbA1c was 

observed in the treatment and control arms (-0.90 %; P = 0.0000 and -0.71 %; P = 0.0000). Post-intervention 

analysis revealed a long-lasting significant reduction in HbA1c in both arms. Further, significant reductions in 

blood pressure and lipid profile were also noted at the end of the third month and post-intervention period. 

Conclusion: G. lactiferum tea significantly reduced HbA1c in uncontrolled T2DM patients and the effect observed 

was superior to green tea. Long-term treatment is needed to determine the clinical implications of the effects on 

blood pressure, body weight and lipid levels and to confirm the safety. 
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. Introduction 

Diabetes mellitus is one of the major non-communicable diseases af-

ecting more than 422 million people worldwide, and its prevalence is

ncreasing rapidly in low- and middle-income countries ( WHO.,2016 ).

omplementary and alternative medicines (CAM) by patients with dia-

etes is increasing worldwide ( Birdee et al., 2010 , Vishnu et al., 2017 ,

adwan et al., 2020 , Kifle et al., 2021 , Shahjalal et al., 2022 ). The ma-

or concern regarding the use of CAM is the lack of evidence for the
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fficacy and safety of these medicines ( Birdee et al., 2010 , Kifle et al.,

021 ). A study conducted among patients with type 2 diabetes mel-

itus (T2DM) in Sri Lanka reported that 76 % of them use CAM, in-

luding herbal products, to reduce their blood glucose ( Medagama at

l., 2014 ). Gymnema lactiferum (G. lactiferum) is a commonly used

AM in Sri Lanka (Tamil name Cherukurinja; Singhala name: Kuring-

an) ( Wasana et al., 2021 ). G. lactiferum leaves have been chewed as

aw in northern Sri Lanka mainly by Diabetic patients from ancient

imes. 
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Fig. 1. Pictures of Gymnema lactiferum and the chemical structure of Gymnemic acid. 

R1- tigloyl / 2-methyl butanol, R2- acetyl / H, e.g.- Gymnimic acid I- R1-tigloyl and R2-acetyl, Gymnemic acid II- R1- 2-methyl butanol and R2- acetyl, Gymnemic 

acid III- R1- 2-methyl butanol and R2- H. 
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G. lactiferum and the other well-known species, G. sylvestre , are

oody climbers belonging to the Apocynaceae family (sub-family of

sclapiadaceae) distributed throughout India, Malaysia and Sri Lanka.

eaves of both climbers have the property of controlling the blood sugar

nd lipids in diabetic patients ( Baskaran et al., 1990 , Kanetkar et al.,

007 , Thushari et al., 2010 , Kang et al., 2012 , Wasana et al., 2021 ).

. lactiferum is used as a food supplement to control diabetes in alter-

ative medicine and has been used as a leafy vegetable in Sri Lanka

rom ancient times mainly by diabetes mellitus patients. The leaves are

sed to make an Ayurvedic drug, “Mathumehachooranam ”, to treat di-

betic patients in Ayurvedic Hospitals in Sri Lanka. The active com-

onent of the “Mathumehachooranam ” is G. lactiferum leaves. Gymne-

ic acids ( Fig. 1 ) are the bioactive components reported to be found

n the Gymnema leaves. The hypoglycaemic effects of Gymnemic acids

re reported to be due to the facilitation of secretion of insulin, pro-

otion of regeneration of islet cells, increased utilisation of glucose by

ncreasing the activities of enzymes responsible for the utilisation of glu-

ose in insulin-dependent pathways, increased phosphorylase activity,

ecreasing gluconeogenic enzymes and sorbitol dehydrogenase activi-

ies and act as a competitive inhibiter of glucose absorption from the

ntestine ( Sahu et al., 1996 , Persaud et al., 1999 , Kanetkar et al., 2004 ,

anetkar et al., 2007 , Tiwari et al., 2014 , Khan et al., 2019 ). Several

ymnemic acid derivatives such as Gymnemic acids I, II, and III have

een reported to be obtained from the hot water extract of Gymnema

eaves ( Rastogi et al., 1990 , Kadiragamanathar et al., 2009 , Tiwari et al.,

014 ). 

G. lactiferum trees grow freely in the dry forests and home gardens

f Sri Lanka and are cultivated in diabetic patients’ home gardens in the

orthern part of Sri Lanka for their use. The leaves are usually chewed

aw by diabetic patients to control blood glucose. Further, a herbal tea

roduced from G. lactiferum leaf is registered by a company under the

rand name Gym Diabetic Tea under the Department of Ayurveda, Sri

anka (Reg. No – 02/01/AF/14/687) and available over the counter in

he market for Diabetes Mellitus patients. 

So far only one study on G. lactiferum in human subjects is available

ut with sample size and methodological inadequacies ( Thushari et al.,

009 ). The present study was conducted in the Teaching Hospital,

affna, Sri Lanka by preparing a G. lactiferum herbal Tea. This parallel

rm double-blind randomised controlled phase III trial was conducted in

H Jaffna to establish the efficacy and safety of G. lactiferum leaf because

f a fairly large population of diabetic patients using the G.lactiferum leaf

n and off in addition to their conventional drugs to control the blood

ugar without proper scientific studies or proper medical advice. 

. Methods 

.1. Clinical trial 

This clinical study was conducted as a double-blind, active con-

rolled, phase III clinical trial from October 2019 to August 2022 in the

iabetic Centre, Teaching Hospital Jaffna under Good Clinical Practice
2

GCP) and Declaration of Helsinki guidelines. Ethical clearance was ob-

ained from the Ethics Review Committee, Faculty of Medicine, Univer-

ity of Jaffna (Reg. No- J/ERC/15/66/NDR/013, date: - 11.01.2016).

he study was registered under the Sri Lanka Clinical Trial Registry

Reg. No - SLRT/2016/007, date: - 09.03.2016) and the WHO Clinical

rial platform (Universal registration number U1111-1177- 0604). 

.2. Objective 

The specific objective of the research was to determine the supple-

ent effects of G. lactiferum on glycaemic control in T2DM diabetic pa-

ients and the effect on selected biochemical and physiological param-

ters such as body weight, blood pressure, lipid profile, liver function,

enal function and full blood count. 

.3. Test materials 

The test product was a tea brew made out of G. lactiferum dried

eaf, and the active control was Green tea ( Camellia sinensis ). G. lact-

ferum leaves were obtained from a single farm in northern Sri Lanka to

inimize variations. They were authenticated by an experienced tradi-

ional medical practitioner of the herbal company, Bio Tec International,

affna, Sri Lanka and assisted in preparing powdered dried leaves of G.

actiferum for the study. The commercially available herbal tea of G. lac-

iferum , the Gym Diabetic Tea contains 1.5 g of powdered dried leaves of

. lactiferum in each bag. Daily intake was mentioned in the registered

roduct as one cup of tea at a time, made from one tea bag, and three

imes a day max. Chemical analysis or purity testing of G. lactiferum dry

eaves was performed before the clinical trial at accredited testing labo-

atories at Industrial Technology Institute, Colombo, Sri Lanka to ensure

icrobial purity and free of heavy metals and pesticide residues. Green

ea was obtained from a single manufacturer (Melfort Green Teas - Pvt

td, Pussellawa, Sri Lanka.). 

Each test and control tea bag contained 1.5 g of G. lactiferum and

reen tea, respectively. All tea bags were prepared and packed before

he recruitment of participants. The external appearance and labelling

f both tea bags were the kept same. To blind the investigators and the

articipants, participants’ numbers, according to the group, were writ-

en on the tea bags, by the packing company. Neither the investigators

or the participants revealed the identity of the treatment and control

roducts until after the statistical analysis of the data was completed. 

.4. Quantification of Gymnemic acids in G. lactiferum tea brew 

The moisture content in G. lactiferum tea powder was measured ac-

ording to ISO 287:2017 for moisture determination. Gymnemic acids

resent in the G. lactiferum tea extract were first converted to gymnema-

enin and the total gymnemagenin content was then estimated using

 standard solution of gymnemagenin using High-Performance Liquid

hromatography (HPLC) (Agilent Technologies 1260 Infinity II) with
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Table 1 

Summarised study schedule. 

Parameters Period of review 

Baseline visit End of 1st month End of 3rd month End of 6th month (Post-intervention visit) 

History and examination 
√ √ √ √

Blood pressure 
√ √ √ √

Body weight 
√ √ √ √

FPG 
√ √ √ √

HbA1c 
√

- 
√ √

Lipid profile 
√

- 
√ √

FBC 
√ √ √ √

Serum creatinine 
√ √ √ √

ALT 
√ √ √ √

AST 
√ √ √ √

√
= a nalysed, - = not analysed 
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(  
ariable wavelength detector (1260 DAD WR) operating at 210 nm. Sep-

rations were carried out with SUPELCOSILTM LC-18 (25 cm × 4.6 mm,

 μm) column with a column temperature of 30 °C. The mobile phase

as acetonitrile water (50:50) with a 1 mL/min elution rate. The HPLC

nalysis was carried out in duplicate. Calculation of gymnemic acids

omponent from the total gymnemagenin quantified by HPL was done

sing the equation: C = X (809.0/ 506.7) where C is the content of gym-

emic acid in the sample; X is the content of gymnemagenin present in

he sample; 506.7 is the molecular weight of gymnemagenin, and 809.0

s the molecular weight of gymnemic acid. The conversion of gymnemic

cid into gymnemagenin for the HPLC analysis was carried out as de-

cribed by Verme et al 2016 . Briefly, G. lactiferum tea (1.5 g) in 50 mL

f water with 10 mL of 11 % potassium hydroxide was refluxed for

n hour and refluxed again for one hour after adding 9 mL of concen-

rated HCl. The mixture was then cooled down to room temperature,

ltered and made up to 100 mL with water. The solution was filtered

hrough a 0.45 𝜇m nylon filter (Millipore) and used for HPLC analysis

 Verma et al., 2016 ). 

.5. Study design 

A total of 778 T2DM patients on oral hypoglycemic drugs were

creened and 320 were recruited between October 2019 and February

022 in the diabetic centre, Teaching Hospital Jaffna. Pregnant or lac-

ating women, patients with end-stage organ failure or difficulty in com-

unication, patients who were taking insulin or medications that may

aise blood glucose and those who were already taking G. lactiferum

upplement and or green tea were excluded. The numbers for the se-

ected participants were allocated by the research assistants according

o the arrival time during the recruitment process. They were assigned

o the groups by the PI by their participant number. Code numbers

rom 1 to 320 were created and randomly assigned to each group us-

ng computer-generated randomization by another person who was not

n the research team. The recruited patients were randomly allocated

nto the treatment and control groups. The sample size for each arm was

etermined with 80 % power at a 5 % significance level ( Sakpal et al.,

010 ) using the changes in mean HbA1c reported by a study that com-

ared a Sitagliptin/metformin fixed-dose combination ( Reasner et al.,

011 ). Assuming 10 % dropouts, the estimated sample size was 160

er group. Informed consent was obtained from each participant on

ecruitment. 

.6. Data collection and safety outcomes 

At the time of recruitment, information about sociodemographic

haracteristics, disease profile and medications was obtained and a

hysical examination was performed and recorded. Blood pressure and

ody weight were measured and blood samples were taken to determine

he baseline values. Participants were reviewed at the end of one month,
3

hree months of treatment, and six months of post-treatment. Blood pa-

ameters, blood pressure and body weight measurements were repeated

t the end of 1, 3 and 6 months except for HbA1c level and lipid pro-

le. HbA1c levels and lipid profiles were repeated at the end of 3 and 6

onths ( Table 1 ). 

The collected blood samples were sent to the clinical laboratory at

he Teaching Hospital Jaffna immediately after the collection. At each

isit, the participants were reviewed for adverse effects, any changes in

he treatment and the count of the remaining tea bags to estimate the

ompliance of patients. 

Height, body weight and blood pressure were taken according to the

HO standard. Body weight was measured using an electronic digital

eighing scale in kg with two decimal accuracy. Height was measured

n meters with a two-decimal accuracy. The blood pressure was mea-

ured in the seated position after a resting period of 5 minutes using an

lectronic blood pressure recorder. An average of two readings in mmHg

as recorded. 

A third reading was taken if both readings showed a variation of over

0 mm Hg. The average of any of the two readings which shows a narrow

ariation was considered for the analysis. All the above measurements

ere taken using standard clinical equipment. G. lactiferum tea bags and

reen tea bags were given to the participants according to the number

ritten on each tea bag, at the baseline visit. Participants were asked

o consume one cup (200 mL) tea or green tea once a day for 90 days

nd not to take them after 90 days up to the 6-month visit. They were

nstructed to prepare the tea by placing a tea bag in a cup containing 200

L of hot water and stirring for 5 minutes. The participants were told to

ontinue their regular medications, usual diets and activity during the

ntervention period. Participants were also asked to report any adverse

ffects at any time through a hotline telephone number and next visit

ates were given. No alterations were made after the commencement of

he trial. Patients or the public were not involved in the design, conduct,

eporting, or dissemination plans of the research. 

All biochemical tests were performed by Siemens dimension EXL

00 fully automated clinical chemistry analyser (USA) with dedicated

eagents at the Chemical Pathology laboratory in the Teaching Hospital,

affna. Plasma glucose assay was performed by enzymatic colorimet-

ic method (Hexokinase, glucose-6-phosphate dehydrogenase method),

bA1c by turbidimetric inhibition immunoassay (TINIA); total choles-

erol by enzymatic colorimetric method (cholesterol esterase, choles-

erol oxidase, Peroxidase method); triglyceride by enzymatic colorimet-

ic method (lipoprotein lipase, glycerol kinase, glycerol-3-phosphate

xidase, peroxidase); HDL cholesterol by the direct method and LDL

holesterol by the homogenous direct method; AST by enzymatic col-

rimetric method (Aspartate, 𝛼 ketoglutarate, oxalacetate coupled re-

ction) and ALT by enzymatic colorimetric method (Alanine, 𝛼 ketog-

utarate, pyruvate coupled reaction) and Serum creatinine by modified

affe kinetic method (IDMS traceable). 

FBC was done by a fully automated 7-part Haematology analyser

Sysmex XN 1000), Hb was done by calorimetry method, WBC (White
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c  
lood cell) was done by flow cell counting, and the Differential count

as done by dye-binding method 

.7. Data analysis 

Data from participants who completed the 6-month follow-up with-

ut interruption were analysed. Descriptive statistics such as frequency,

ercentage, mean ± standard deviation (SD) and change in means were

sed to present the data. Independent t-tests and paired t-tests were

sed to determine the difference in continuous variables between and

ithin the groups respectively, using SPSS software (Version 26) and

xcel Sheet. Independent t-tests with 95 % confidence intervals (CIs)

ere used to compare the categorical variables of the test and control

roups. All the tests were two-tailed, and a P -value < 0.05 was consid-

red statistically significant. 

Primary endpoints were changes in HbA1c from baseline to the end

f the 3rd and 6th months (post-intervention) and changes in FPG from

aseline to the end of the 1st, 3rd and 6th months. 

Secondary endpoints were changes in blood pressure, body weight

nd lipid profile from the bass line to 3 and 6 months. 

Subgroup analyses of changes in HbA1c among subsets of partici-

ants with HbA1c levels < 7 %, ≥ 7 % to < 8 % and ≥ 8 % and changes in

P among the participants with and without hypertension were carried

ut. 

. Results 

.1. Gymnemic acids content 

Quantitative estimation revealed a 1.5g tea bag contains

5.60 ± 0.34 mg of active biomarker gymnemic acids. 

.2. Sample characteristics 

Out of the 160 patients per arm, 146 (91.3 %) in the treatment arm

nd 142 (88.6 %) in the control arm completed the study without in-

erruption ( Fig. 2 ). The mean ages of the test and control arms were

8.7 ± 10.5 years and 56.7 ± 11.1 years, respectively. The majority

ere females in the treatment arm (60.2 %), whereas the number of

ales and females was almost equal in the control arm. All the partic-

pants were Sri Lankan Tamils except one Sri Lankan Sinhalese. Most

f the participants had T2DM for more than 5 years (61.0 %) in the

reatment arm and 62 % in the control arm. The majority of the partici-

ants received metformin and Gliclazide (test- 44.4 %; control- 47.5 %),

etformin was the most frequently used medication, prescribed to more

han 90 % of the participants in both arms ( Table 2 ). 

.3. Clinical and biochemical effects of Gymnema lactiferum treatment 

The mean HbA1c and FPG (Fasting Plasma Glucose) in the treatment

nd control arms were 8.31 ± 1.79 %, 8.07 ± 1.38 % and 7.99 ± 2.41

mol /L, 8.25 ± 2.70mmol/L respectively ( Table 3 ). There is a signifi-

ant reduction in the HbA1c in three months was noted in the treatment

rm (-0.47 %; P < 0.0000) and control arm (-0.26 %; P < 0.0009). The

ost-intervention review showed a significant increase in mean HbA1c

rom the 3rd month in the treatment arm (test = 0.22 % with P = 0.0040)

hereas it was not significant in the control arm (control = 0.16 % with

 = 0.0908). The subgroup analysis showed that the reduction in

ean HbA1c occurred only in the subgroup of participants with base-

ine HbA1c ≥ 8 % in the treatment and control arms, and the reductions

ere -0.90 % ( P = 0.0000) and -0.71 % ( P = 0.0000), respectively

 Fig. 3 ). In the HbA1c ≥ 8 subgroups, the reduction from baseline in

bA1c remained at -0.75 % ( P = 0.000) in the treatment arm and -

.73 % ( P = 0.000) in the control arm in the post-intervention period.

hese post-intervention readings show that the reduction in HbA1c was

ong-lasting beyond 3 months in poorly controlled diabetes participants.
4

here was no significant reduction in FPG at the end of 1st and 3rd

onth in the treatment arm ( Table 3 ). In the control arm, a signifi-

ant reduction was noted in the 3rd month (-0.42 mmol/L; P = 0.0388)

 Fig. 4 ). 

In the subgroup of HbA1c ≥ 8, a significant reduction was noted in

he FPG in the control arm during the 3rd month period (-0.75 mmol/L:

 = 0.0284) and in the treatment arm during the post-intervention pe-

iod (-0.87 mmol/L; P = 0.0134). 

A significant reduction in mean SBP (Systolic blood pressure) at

he end of 3 months in the treatment and control arms was observed

-2.77 mmHg ( P = 0.0375) and -2.66 mmHg ( P = 0.0390) respectively]

 Fig. 5 ). The post-intervention review after 6 months showed a greater

eduction in mean systolic blood pressure in the treatment arm [-3.6

mHg ( P = 0.0072)] whereas; in the control arm, it was statistically

nsignificant [-0.99 mmHg ( P = 0.4797)] ( Fig. 5 ). 

The reduction in mean DBP (Diastolic blood pressure) at the end of 3

onths in the test and control arms was -3.2 mmHg ( P = 0.0000) and -

.3 mmHg ( P = 0.0030). The post-intervention review of diastolic blood

ressure showed a greater reduction in the treatment arm [-4.5 mmHg

 P = 0.0000)] and in the control arm, it was -1.9 mmHg ( P = 0.0343). 

Subgroup analysis among participants with HT showed progressive

eductions in both systolic and diastolic blood pressure in the treatment

nd control arms ( Table 3 ). 

Reduction in mean systolic blood pressure at the end of 3 months

n the treatment and control arms in hypertension patients were -10.46

mHg ( P = 0.0000) and -8.22 mmHg ( P = 0.0000) respectively. The

eduction of mean systolic blood pressure of the post-intervention period

n the treatment and control arms were -12.82 mmHg( P = 0.0000) and

9.085 mmHg ( P = 0.0000) respectively. 

Subgroup analysis among participants without HT showed any sig-

ificant reduction in any of the arms. 

The reduction in the mean BW (Body weight) in the treatment arm

t 3 months was -0.27 kg; ( P = 0.0343) and in the post-intervention

eriod it was -0.52 kg; ( P = 0.0012) ( Table 3 ) In the control arm the

eduction in the body weight was not significant in 3 months (-0.20

g; P = 0.2106) whereas a significant reduction was observed in the

ostintervention period (0.45 kg; P = 0.0355). 

In the total cholesterol, A significant reduction ( P < 0.05) in 3 months

as observed in the treatment arm (-0.22 mmol/L; P = 0.0008) and in

he control arm the reduction was -0.18 mmol/L; P = 0.0095. In the

ost-intervention period the reduction treatment arm remained at -0.20

mol/L; P = 0.0083 and in the control arm it was not significant (-0.08

mol/L; P = 0.2805) ( Fig. 6 ). 

A significant reduction was observed in the triglycerides in 3 months

n the treatment arm (-0.14 mmol/L; P = 0.0003) and in the control arm,

t was -0.13 mmol/L; P = 0.0003. In the post-intervention period in the

reatment arm, it was -0.08mmol/L; P = 0.0559 and in the control arm,

t was – 0.08 mmol/L; P = 0.0243. 

In the treatment arm, the LDL cholesterol (Low-density lipopro-

ein) was significantly reduced in the treatment arm (-0.16mmol/L;

 = 0.0053) and in the control arm, it was not significant(0.06 mmol/L;

 = 0.2850). In the post-intervention period the reduction in LDL in the

reatment arm was -0.26mmol/L; P = 0.0000 and in the control arm, it

as -0.13mmol/L; P = 0.0333. 

HDL cholesterol(High-density lipoprotein) was not significantly re-

uced in the treatment arm in 3 months (-0.01mmol/L; P = 0.7398)

nd in the control arm, it was significantly reduced (-0.03mmol/L;

 = 0.0283). In the post-intervention period, the reduction in HDL in

he treatment arm and control arm was not significant (0.03 mmol/L;

 = 0.0566 and -0.03 mmol/L; P = 0.2739) ( Fig. 6 ). 

.4. Adverse effects, dropouts and compliance 

Both treatment and control products were well tolerated. Less than

 % reported dizziness, palpitation and tiredness ( Table 4 ). No hypogly-

aemic episodes or serious adverse events were reported in either arm.
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Fig. 2. CONSORT flow diagram. 
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L  
he mean WBC, Platelet, Hb (Haemoglobin), ALT (Alanine aminotrans-

erase), AST (Aspartate aminotransferase) and Creatinine were within

ormal levels at the baseline, in 3rd month and the post-intervention

eriod. However, both arms showed a reduction in eGFR (Estimated

lomerular filtration rate), ALT, AST and haemoglobin ( Table 3 ). The

eduction in eGFR in the treatment arm was -6.68 mL/min/1.73 m2 

 P = 0.00001) and -5.88 mL/min/1.73 m2 ( P = 0.0000) in the control

rm . Haemoglobin was reduced by 0.23 % ( P = 0.0011) in the treat-

ent arm and by 0.27 % ( P = 0.0010) in the control arm compared to

espective baseline values. The reduction in the ALT in the treatment

rm was – 6.10 U/L ( P = 0.0000) and in the control arm was -3.78 U/L

 P = 0.0009). The reduction in the AST in the treatment arm was -5.23

/L ( P = 0.0000) and in the control arm, it was -1.34 U/L ( P = 0.0749).

The post-intervention review showed a reduction in eGFR and

aemoglobin in both arms. The treatment arm showed a -12.00

L/min/1.73 m2 ( P = 0.0000), and the control arm showed an -

s

5

1.03 mL/min/1.73 m2 ( P = 0.0000) reduction in eGFR. The reduc-

ions in haemoglobin in the treatment and control arms were -0.59 %

 P < 0.0000) and -0.47 % ( P = 0.0000), respectively. 

The reduction in the ALT in the treatment arm was -6.38 U/L

 P = 0.0000) and the control arm was -4.67 U/L ( P = 0.0012). The

eduction in the AST was -4.05 U/L ( P = 0.0010) and the control arm

as -0.023 U/L ( P = 0.9806). 

. Discussion 

The use of CAM among patients with T2DM in Sri Lanka is high

 Medagama at el., 2014 ) despite the lack of evidence on its efficacy and

afety. This paper discusses the effects of G. lactiferum in participants

ith T2DM, which is one of the commonly used herbal medicines in Sri

anka, particularly in the northern region. Without a proper scientific

tudy, patients are taking the leaves to control their blood sugar. 



K. Karthigesu, S. Sivapalan, S. Rajendra et al. Clinical Traditional Medicine and Pharmacology 5 (2024) 200164

Table 2 

Baseline characteristics of the participants. 

Variables Test ( n = 146) Control ( n = 142) 

Age (years) 58·7 ± 10.5 56·8 ± 11.1 

Sex 

Male 58 (39.7 %) 75 (46.9 %) 

Female 88 (60.2 %) 85 (53.1 %) 

Duration of diabetes mellitus (years) 

< 5 years 57 (39.0 %) 54 (38.0 %) 

5 to 10 years 47 (32.2 %) 55 (38.7 %) 

> 10 years 42 (28.8 %) 35 (23.2 %) 

Treatment 

Metformin 59 (36.9 %) 54 (33.8 %) 

Gliclazide 10 (6.3 %) 5 (3.1 %) 

Metformin + Gliclazide 71 (44.4 %) 77 (47.5 %) 

Metformin + Sitagliptin 3 (1.9 %) 0 

Metformin + Tolbutamide 3 (1.9 %) 4 (2.5 %) 

Metformin + Glibenclamide 0 1 (0.6 %) 

Gliclazide + Sitagliptin 0 1 (0.6 %) 

Metformin + Gliclazide + Sitagliptin 12 (7.5 %) 19 (11.9 %) 

Metformin + Gliclazide + Pioglitazone 1 (0.6 %) 0 

Metformin + Gliclazide + Sitagliptin + Glimepiride 1 (0.6 %) 0 

HbA1c (%) 8.46 ± 1.92 8.35 ± 1.70 

HbA1c subgroups 

Baseline HbA1c < 7 % 33 (22.6 %) 29 (20.4 %) 

Baseline HbA1c ≥ 7 % to < 8 % 37 (25.3 %) 37 (26.1 %) 

Baseline HbA1c ≥ 8 % 76 (52.1 %) 76 (53.5 %) 

FPG (mmol /L) 8.5 ± 3.1 8.5 ± 3.0 

Bodyweight (kg) 64.3 ± 12.1 65.9 ± 13.1 

Systolic blood pressure (mmHg) 130.6 ± 21.4 131.4 ± 20.2 

Diastolic blood pressure (mmHg) 81.8 ± 12.1 81.3 ± 11.1 

Lipid profile 

Total cholesterol (mmol /L) 4.3 ± 1.0 4.2 ± 1.0 

LDL cholesterol (mmol /L) 2.4 ± 0.8 2.3 ± 0.9 

Triglycerides (mmol /L) 1.4 ± 0.7 1.3 ± 0.6 

HDL cholesterol (mmol /L) 1.4 ± 0.5 1.3 ± 0.5 

Data are presented as Mean ± SD or percentage. FPG = fasting plasma glucose, LDL = 
low-density lipoprotein, HDL = high-density lipoprotein. 

Fig. 3. Changes in HbA1c in test and control arms. 
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Table 3 

Clinical and biochemical data of T2DM patients in the Gymnema lactiferum or Green Tea administered groups. 

Findings Control Group (Green Tea- n = 142) Treatment Group (Gymnema lactiferum- n = 146) 

Baseline (Mean ± SD) 1st Month (Mean ± SD) 3rd Month (Mean ± SD) 6th Month (Mean ± SD) Baseline (Mean ± SD) 1st Month (Mean ± SD) 3rd Month (Mean ± SD) 6th Month (Mean ± SD) 

FPG (mmol/L) 8.25 ± 2.70 8.48 ± 2.57 7.82 ± 2.19 8.04 ± 2.43 7.99 ± 2.41 7.84 ± 2.29∗ 7.80 ± 2.40 7.76 ± 2.43 

FPG (in HbA1c < 7) 5.90 ± 0.90 6.18 ± 0.90 6.19 ± 0.95 6.62 ± 1.45 6.11 ± 0.81 5.98 ± 0.66 5.95 ± 0.86 6.39 ± 0.80 

FPG (in HbA1c ≥ 7 to < 8) 6.77 ± 1.42 7.21 ± 1.38 7.11 ± 1.21 7.07 ± 1.59 6.87 ± 1.11 7.15 ± 1.59 7.32 ± 1.59 7.30 ± 1.64 

FPG (in HbA1c ≥ 8) 9.87 ± 2.67 10.00 ± 2.50 9.11 ± 2.90 9.27 ± 2.97 9.70 ± 2.63 9.63 ± 2.99 9.19 ± 2.86 8.83 ± 2.70 

HbA1c (%) 8.07 ± 1.38 - 7.81 ± 1.18 7.96 ± 1.36 8.31 ± 1.79 - 7.85 ± 1.45 8.07 ± 1.50 

HbA1c ( < 7) 6.43 ± 0.42 - 6.64 ± 0.59 7.04 ± 1.30 6.37 ± 0.40 - 6.75 ± 0.45 6.70 ± 0.37 

HbA1c ( ≥ 7 to < 8) 7.41 ± 0.27 - 7.44 ± 0.77 7.62 ± 1.00 7.46 ± 0.29 - 7.49 ± 0.91 7.82 ± 1.47 

HbA1c( ≥ 8) 9.34 ± 1.24 - 8.64 ± 1.14 8.61 ± 1.30 9.83 ± 1.55∗ - 8.93 ± 1.60 9.08 ± 1.54 

BW (kg) 64.14 ± 10.37 64.18 ± 10.25 63.93 ± 10.46 63.68 ± 10.46 63.49 ± 11.05 63.50 ± 11.03 63.23 ± 11.06 62.98 ± 11.04 

SBP (mmHg) 130.09 ± 18.69 128.39 ± 16.19 127.43 ± 14.93 129.10 ± 15.62 127.69 ± 17.48 126.74 ± 15.93 124.91 ± 16.68 124.11 ± 15.35∗ 

SBP (in Patients with HT) 145.69 ± 11.14 136.31 ± 15.14 137.47 ± 13.84 135.86 ± 14.60 145.23 ± 12.19 135.30 ± 15.53 134.77 ± 17.35 132.39 ± 13.34 

SBP (in Patients without HT) 116.55 ± 8.71 120.64 ± 11.84 118.45 ± 10.92 121.85 ± 11.55 116.38 ± 9.72 120.62 ± 13.36 118.12 ± 13.03 117.12 ± 10.87∗ 

DBP(mmHg) 80.36 ± 10.00 79.16 ± 9.21 78.07 ± 8.39 78.42 ± 9.47 79.90 ± 9.947 78.30 ± 9.24 76.66 ± 8.54 75.37 ± 8.15∗ 

DBP (in Patients with HT) 89.03 ± 6.39 84.06 ± 7.37 82.61 ± 7.36 81.90 ± 8.74 98.10 ± 7.56 88.40 ± 6.68 88.50 ± 8.75 85.50 ± 7.28 

DBP (in patients without HT) 72.09 ± 5.77 74.25 ± 8.18 73.90 ± 7.98 75.01 ± 9.21 76.60 ± 7.22 76.2 ± 8.34 74.60 ± 6.81 73.60 ± 6.99∗ 

Total Cholesterol 4.14 ± 0.89 - 3.96 ± 0.86 4.06 ± 1.04 4.19 ± 0.90 - 3.97 ± 0.79 3.99 ± 0.84 

LDL (mmol/L) 2.20 ± 0.66 - 2.27 ± 0.69 2.07 ± 0.71 2.29 ± 0.74 - 2.14 ± 0.59 2.04 ± 0.65 

HDL (mmol/L) 1.22 ± 0.29 - 1.19 ± 0.25 1.21 ± 0.22 1.27 ± 0.25 - 1.27 ± 0.23∗ 1.24 ± 0.23 

Triglyceride (mmol/L) 1.20 ± 0.42 - 1.07 ± 0.41 1.12 ± 0.46 1.22 ± 0.52 - 1.08 ± 0.45 1.14 ± 0.53 

WBC(103 / L) 7.39 ± 1.69 7.34 ± 1.64 7.32 ± 1.66 7.29 ± 1.61 7.24 ± 1.84 7.29 ± 1.56 7.14 ± 1.73 7.20 ± 1.57 

Hb(g/dL) 12.98 ± 1.44 13.18 ± 1.50 12.72 ± 1.54 12.51 ± 1.46 12.77 ± 1.37 12.85 ± 1.43 12.54 ± 1.47 12.18 ± 1.38 

Platelet(103 / L) 260.57 ± 66.54 261.73 ± 63.84 264.98 ± 58.93 263.34 ± 63.90 265.44 ± 53.38 260.80 ± 55.79 259.17 ± 50.294 258.19 ± 49.26 

Serum creatinine (μmol/L) 62.55 ± 15.01 64.14 ± 15.26 70.02 ± 15.67 74.61 ± 16.69 59.85 ± 15.02 61.16 ± 15.19 67.60 ± 16.64 73.45 ± 15.15 

eGFR ( mL/min/1.73 m2 ) 96.12 ± 18.67 95.89 ± 16.273 90.24 ± 18.44 85.09 ± 19.97 95.45 ± 18.45 93.58 ± 20.21 88.76 ± 19.44 83.45 ± 18.01 

ALT (U/L) 44.11 ± 18.45 43.06 ± 18.20 40.33 ± 17.15 39.43 ± 20.05 43.78 ± 15.78 41.61 ± 16.46 37.72 ± 15.34 37.62 ± 14.98 

AST (U/L) 30.06 ± 9.61 30.11 ± 10.49 28.57 ± 9.37 29.67 ± 10.94 31.48 ± 10.47 30.41 ± 8.61 27.33 ± 7.86 28.69 ± 9.46 

Data are presented as mean ± SD or percentage(%) SB P = systolic blood pressure; DB P = diastolic blood pressure, LDL = low-density lipoprotein, HDL = high-density lipoprotein, ALT = Alanine aminotransferase, 

AST = Aspartate aminotransferase, WBC = White blood cell, Hb = Haemoglobin, eGFR = Estimated Glomerular filtration rate. 

HT = Hypertension, Each data point in the raws of the treatment group was statistically compared with the respective data point in the control group. ∗ P < 0.05 
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Fig. 4. Changes in the FPG in test and control arms. 

Fig. 5. Changes in the Blood Pressure in treatment and control arms. 

Table 4 

Adverse effects. 

Outcome Treatment n = 146 Control n = 142 

Adverse Events 

Dizziness 2(1.4 %) 2(1.4 %) 

Palpitation 1( < 1 %) 0 

Tiredness 3(2.1 %) 2(1.4 %) 

 

u  

g  

m  

v  

c  

w  

a  

i  

t  

m  

t  

m  

v  

t  

2  

v  

H  

2

 

t  

s  

i  

l  

h  

t  

a  

v  

B

 

G  

r  

r  

o  

M  

d  

s  

p

 

a  

i  

t  

t  

d  

T

 

d  

a  

(

 

o  

T  

t  

t  

m  

g  

8

Even though the diabetic centre patients are on regular clinic follow-

p, 52 % of the patients, recruited for this study were observed with poor

lycaemic control (HbA1c ≥ 8). Poor glycemic control T2DM patients are

ore prone to increased morbidity and mortality due to either the de-

elopment or progression of diabetic complications. From this study, it

ame to know that these poorly controlled diabetic patients who were

ith G. lactiferum herbal tea supplementation with proper monitoring

rrangement of other parameters, had long-lasting significant reductions

n HbA1c. Further to this it controlled elevated blood pressure in hyper-

ension patients, total, LDL Cholesterol and Triglycerides in the third

onth and over the post-intervention period with no significant reduc-

ion in HDL Cholesterol level. Long-lasting control of the above noncom-

unicable diseases with one cup of Gymnema lactiferum tea per day is

ery economical to the patients as well as to the health sector. In contrast

o the findings of a laboratory study on G. lactiferum ( Thushari et al.,

010 ), there was no significant reduction in FPG in this study. As pre-

ious studies reported, green tea also showed a significant reduction in

bA1c and a reduction in fasting glucose in the 3rd month ( Liu et al.,

013 , Park et al., 2014 , Nie et al., 2021 ). 

G. lactiferum tea showed a significant long-lasting reduction in sys-

olic and diastolic blood pressure in patients with elevated blood pres-

ure or Patients with hypertension. Green tea also showed a reduction

n diastolic blood pressure. Both teas have shown a more significant

ong-lasting reduction in systolic blood pressure in the participants with

ypertension. G. lactiferum tea reduced diastolic blood pressure in par-

icipants with and without HT (Hypertension), whereas green tea caused

 significant reduction in diastolic blood pressure in those with HT. Pre-

ious studies reported that green tea significantly reduced SBP(Systolic

lood Pressure) as well ( Mousavi et al., 2013 , Onakpoya et al., 2014 ). 

The statistically significant, constant reduction in body weight by

. lactiferum during the intervention period and post-intervention pe-

iod suggests that it may be beneficial for weight loss. However, the

eduction in body weight was not clinically significant. Unlike previ-

us studies ( Basu et al., 2010 , Chacko et al., 2010 Zheng et al., 2011 ,

ousavi et al., 2013 , Chen et al., 2016 ), in the present study, green tea

id not cause clinically significant weight loss in the 3rd month, but a

tatistically significant reduction was elicited in the post-intervention

eriod. 

Both teas yielded the same benefits, but due to its widespread use as

 home remedy, and ease of cultivation without much expense, G. lact-

ferum tea is more economically viable as a dietary supplement in con-

rolling diabetes mellitus, hypertension, total cholesterol, LDL choles-

erol, Triglycerides, maintain HDL Cholesterol without significant re-

uction and the reduction of body weight in T2DM patients than Green

ea. 

These effects may be more beneficial to those with metabolic syn-

rome, as it has a beneficial effect on glycaemic control, weight loss

nd TG. A similar claim has been made for green tea in several studies

 Chacko et al., 2010 , Kanlaya et al., 2019 ). 

Both G. lactiferum tea and green tea were well tolerated. Neither

f the preparations caused any hypoglycaemic episodes in the study.

he liver enzymes ALT and AST showed a statistically significant reduc-

ion lasting over the post-intervention period in the treatment arm. Al-

hough there was a reduction in eGFR and Hb, they were within the nor-

al range. In contrast to the present findings, the literature claims that

reen tea increases eGFR and reduces creatinine levels ( Kanlaya et al.,
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Fig. 6. Changes in the Lipid Profile in treatment and control arms. 
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019 , Zhang et al., 2022 ). In one of the recent studies with green tea

600 mL of green tea per day for one month) serum creatinine levels

id not significantly change, suggesting renal filtration was unaffected

nd there was no significant difference in full blood count parameters

ost-green tea consumption ( Essex et al., 2019 ). As many participants in

oth arms had multiple comorbidities and were taking multiple medica-

ions, we could not say whether these findings were due to intervention

r contributed by other factors such as comorbidities and medications.

onitoring HbA1c, FPG, Lipid profile, Full blood count, S.Ceratinine

nd eGFR every 3 months is an essential part of the clinic follow-up of

iabetic management. When introducing this food supplement for long-

erm use to diabetic patients these regular measures should be followed

trictly. 

The findings of this short-term RCT showed that G. lactiferum tea sup-

lementation significantly improved the long-term glycaemic control in

articipants with poorly controlled T2DM. It also appeared to have ad-

itional beneficial effects on blood pressure, body weight, TC, LDL, and

G while HDL remained normal. The overall beneficial effects of both

eas yielded the same benefits, but G. lactiferum tea is more economi-

ally viable as a dietary supplement due to the above-mentioned reason

n the discussion. The use of an active control instead of a placebo, the

ack of a long-term treatment arm and the long recruitment time of par-

icipants due to the prevailing COVID-19 pandemic were the limitations

f this study. 

. Conclusion 

G. lactiferum tea supplementation significantly reduced HbA1c in

2DM. This long-lasting control of blood sugar in T2DM patients with

eductions in hypertension, total cholesterol, LDL cholesterol, TG and

ody weight will help to reduce the complications of diabetes. There-

ore G. lactiferum herbal tea may be an appropriate food supplement for

iabetes patients if it is introduced to the market with proper monitoring

rrangements in their regular clinic. Uncontrolled T2DM patients have a
9

igh chance of frequent admissions to the wards due to the progression

f complications. Long-lasting control of these non-communicable dis-

ases greatly reduces this type of frequent admission. Reduction in fre-

uent admission to the wards has a great beneficial effect on the medical

ector and economy of the countries. Long-term monitoring is necessary

o confirm the safety and health benefits of this food supplement’s ef-

ects on blood pressure, body weight, glucose level, and lipid profile.

lood tests for ALT, AST, FPG, HbA1c, and S. creatine, as well as mea-

urements of blood pressure and body weight, in three-month intervals,

re essential for monitoring and managing T2DM patients receiving con-

entional drugs to confirm their benefits and assess the effectiveness of

ood supplement utilization. 
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