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INTRODUCTION
The methylated biguanide (N,N-dimethylimidodi
carbonimicdiamide) mostly known as Metformin. 
Metformin first synthesized in Dublin, Ireland on 
1922 by Werner and Dublin from the French lilac 
(Galega officinalis) that inadvertently has anti-
hyperglycemic properties.1,2 It is considered as the 
gold standard that often firstly prescribed together 
with lifestyle modification after diabetes mellitus 
type 2 is diagnosed.3 As the glucose lowering agent, 
metformin could altered metabolic energy of the 
cell, reduced the absorption of glucose in intestinal, 
stimulated the free fatty acids oxidation and 
prevented lypolysis so insulin signaling is enhanced 
after suppressed lipotoxicity.4 Metformin also plays 
role in treating polycystic ovary syndrome (PCOS), 
treating obesity, intensify the glucose uptake to 
skeletal muscle, Alzheimer’s disease, radiotherapy, 
atherosclerosis, and reduce risk of cancer.2,5,6 

Having various mechanism of action, metformin 
has unique characteristics which is unmetabolised 
in the body. After absorption phase, it goes 
distributed and excreted afterwards in its active 
compounds.7 The interaction that occurs obviously 
different than others antidiabetic drugs, the 
CYP450 do not affect the metformin activity. 
Metformin could interact with drugs or substances 
that transported by OCT, PMAT, and MATE, since 
these transporters play major role in distribution 
of metformin in liver and kidney.8,9 Transporters 
not only works for transporting drugs and 

its active compound. It also works to transport 
active compound and also isolate from traditional 
medicine.

Traditional medicine such as Ayuverdic, Traditional 
Chinese Medicine, Jamu in Indonesia, and others 
common herbs is common used in Asia even 
worlwide. Using traditional medicine is no longer 
categorized as old-fashioned. Since now, there are so 
many drugs were made based on traditional used.10-

12 Given together with drugs, herbs could affect the 
mechanism of action of the drugs and gives positive 
or even negative effect afterwards.13 This kind of 
interaction might also occurs with drugs with 
some mechanism of action, like metformin. The 
interaction might affect pharmacodynamically or 
pharmacokinetically.

Since there are some mechanism of action of 
metformin, not only as the antidiabetics agent, as 
the tumor and its potency as anti-cancer and anti-
aging effects, and also treatment for PCOS, there are 
so many posibilities that interaction might occurs.1,14 
Interaction between herbs and drugs between herbs 
and antidiabetic drugs have been reviewed in some 
paper.15-17 Drug-herb interaction that concentrated 
in metformin have not been published, so this review 
is aiming to give some informations about the Drug-
Herbs and Drug-Isolate Interactions in two main parts.

METHODS
This literature review was conducted by collecting 
relevant literature without restricting race, country 
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or origin. Searching method was done with keywords “Metformin” 
combined with either of the following MeSH terms: “Herb-drug 
Interaction”, “Drug-Isolate Interaction”, “drug interaction”, 
“pharmacokinetics”, “pharmacodynamics”, and “pharmacology” to 
get related papers for sufficient review. It was done by international 
databases including Science Direct, Springer Link, Scopus, and 
PubMed up to September 2021. Additional lists of references were 
going through another screening and selection process to get relevant 
and most related to the question of interaction with metformin terms.

RESULTS AND DISCUSSIONS

Drug-Herbs Interaction

Momordica charantia

Drug-herb interaction that occurs with metformin, such as bitter 
gourd or BG (Momordica charantia) could enhanced the antidiabetic 
activity of metformin with unknown mechanism. Since metformin do 
not undergo metabolism in the body, bitter gourd do not affect the 
metabolism of metformin.18-20 

In alloxan-induced diabetic mice given metformin alone or in 
combination with bitter gourd fruit juice (BGFJ) showed reducing 
in blood glucose level significantly (p<0.05) after treated for 21 days. 
Bitter gourd fruit juice was made by 20 g bitter gourd and aquadest 
(100 mL) then heated for 5 minutes in high-powered microwave, 
homogenated and filtered by strainer to get the supernatant.18,21 The 
metformin dose was 500 mg in human dose and bitter gourd fruit juice 
concentration was77.58 g/mL.18 Organ indexes shown significantly 
differences in stomach and spleen from every groups compared to 
normal group. After 21 days of treatment, the histology of the stomach 
showed complete severe erosion over the shortened and diffused 
gastric pit and hyperplasia with large keratinization in combination 
group compared to normal group. While giving bitter gourd fruit juice 
twice daily induced shock hipoglychaemia in mice.18,22

In streptozotocin-induced diabetic rats, BGFJ combined with metformin 
high and low dose could reduce the blood glucose significantly higher 
than metformin alone. The highest hypoglycemic activity shown in rats 
that were given BGFJ with high dose metformin. In diabetic rats that 
induced by alloxan, 300 mg/kg BG extract revealed as most effective 
dose than 75 and 150 mg/kg in short term studies. Those fixed dose 
then combined with metformin 15 mg/kg, could decrease the blood 
glucose value significantly compared with normal group after four 
weeks. This combination also reduced the total cholesterol by 34.25%, 
triglycerides by 11.92%, and LDL-cholesterol by 57.73% also increased 
the HDL-cholesterol level by 55.48% compared by the control groups. 
This study suggested that combination of both as treatment for diabetes 
mellitus was more effective than mono-therapy. 19,23

In type 2 diabetic patient, bitter gourd showed there is no difference 
for HbA1c levels from baseline and after 12 weeks treated by bitter 
gour standardized extract, while in placebo group, HbA1c levels 
showed significantly increased after 12 weeks of treatment compared 
to baseline.24 Bitter gourd fruit juice could also reduce the enhanced 
fasting plasma glucose in patients with prediabetes. It was used as 
supplementation with maximum daily dosage until 4.8 g is considered 
to be safe for humans.25 Bitter gourd 2000 mg/day considered as best 
dose than 500 mg and 1000 mg daily as hypoglycemic agent based on 
fructosamine concetratrion decreased. The hyplogycemic effect of bitter 
gourd 2000 mg daily was less than metformin 1000 mg daily.22 Study 
about combination of bitter gourd and metformin in diabetic patient 
has not been conducted since the mechanism about the interaction of 
both have not been concluded.

Brassica rapa

Brassicacea family has major role in production and consumption 
in worldwide. Turnip leaf (Brassica rapa) used in Iran as traditional 
medicine for diabetes mellitus treatment. It has biologically active 
compounds such as flavonoids like isorhamnetin, phenylpropanoid 
derivates, indole alkaloids and sterol glycosides, while the beneficial 
effect as andiabetic activity, it has polyphenols and flavoinoids.26 

Brassica rapa aqueous extract (AETL) alone or combined with 
metformin could reduce fasting blood glucose in diabetic rats after 
treated for 4 weeks. The groups that were treated with AETL alone or 
combined with metformin, compared to the diabetic control that were 
not treated or just given saline alone, showed decreasing in fasting 
blood glucose gradually and normal glucose level had been achieved 
in the fourth week. Combination of AETL and metformin showed 
agonist effect as glucose lowering agent significantly. Metformin 100 
mg/kg and AETL showed best combination in this study with no 
alterations in limphocyte infiltration, deposition fat in microvesicular, 
hemorrhage, and eosinopilic cytoplasm compared to other groups. 
AETL and metformin 100 mg/kg combination showed low alterations 
in sinusoidal dilatation. It is concluded that metformin given together 
with AETL showed positive interaction by decreasing the risk of liver 
injury.27

Ginkgo biloba

Ginkgo biloba (GKB) extract, a herbal dietary supplement that is sold as 
over-the-counter (OTC) product in United States and Europe. Given 
together with metformin in patients with or without T2DM that may 
used it daily for other purposes, could alter the pharmacokinetics 
properties of metformin. EGb 761 as single dose 120 mg daily or placebo 
with vegetable-based for 3 months, and in the last day the patients were 
given metformin 250-850 mg before pharmacokinetics analysis. Urine 
and blood samples were used for pharmacokinetics analysis over an 
8 hours period.28 EGb 761 could reduce the HbA1c in T2DM subjects. 
While combined with metformin 500 mg twice daily, could escalate the 
metformin plasma level and deflated metformin excretion in urinary. 
The HbA1c that compared to baseline also decreased eventually. The 
combination could improve the effectivity of metformin seen by the 
outcomes in T2DM patients, such as decreasing in HbA1c, elevating the 
fasting blood glucose measure, and increasing insulin rate.28,29

Cocos nucifera

Cocos nucifera inflorescence (CnI) contained of amino acids that 
potentially improved the β-cells pancreatic islets, tannins, and phenolic 
compounds that could regulate carbohydrate and lipids metabolism, 
alleviate hyperglycemia, insulin resistance, dyslipidemia, and rejuvenate 
the adipose tissue’s metabolism.30 CnI extract (250-500 mg/kg) were 
given to diabetic rats with metformin (22.5 mg/kg). After dosing with 
CnI and metformin, a test to check the insulin reacted sith orally given 
glucose at the mean time was performed and the blood was withdrawn 
at 15, 30, 60 and 120 via retro-orbital sinus. The plasma glucose level 
decreased from day 0, 14 and 28 significantly in metformin combined 
with CnI 500 mg/kg than positive group control. The OGTT showed 
that CnI with metformin combination could improve the glucose 
homestasis by decreasing the concentration of blood glucose at 20 and 
60 minutes. Metformin and CnI with 500 mg/kg dose combination 
showed greater antidiabetic effects than other CnI doses.31

Zingiber officinale

Ginger (Zingiber officinale) has phenolic compound that could reduce 
LDL by increasing 7-hydroxylase enzyme that plays role as stimulator 
for cholesterol-bile acids changed. This mechanism plays important 
role in disease with metabolism correlations. Ginger could decrease 
the serum glucose level and regeration of beta pancreatic cells by its 
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chemical constituents such as polyphenols, vitamin C, β carotene, 
flavonoids, and tannins.32,33 Ginger juice 2000 mg/ml combined with 
metformin once daily could decrease the value of glucose in blood 
in diabetic mice significantly than the normal groups. While given 
twice daily, it induced hypoglycemia in mice. Organ indexes showed 
that the liver were increased due to degeneration and accumulation of 
fluid in cell organeles in negative control compared to normal groups. 
Combination of ginger and metformin could reduce the liver damaged 
caused by diabetes mellitus. Ginger has hepatoprotector activity so 
it could decrease the cells degeneration by antioxidant activity and 
fibrosis did not appeared on the combination groups compared to 
negative control.32,34,35

Aspalathus linearis

Green rooibos (Aspalathus linearis) also known as GRT, the 
indigenous fynbos legume from South Africa with aspalathin as major 
bioactive compound plays role as antidiabetic agent. Aspalathin 
could augmenting the uptake of glucose in L6 myotubes. The AMP-
activated protein kinase was activated and glucose translocated to the 
cell membrane through GLUT-4 by asphalathin.36,37 When combined 
with metformin the pharmacokinetics parameters did not showed 
affected significantly and also the concentrations of metformin did 
not change significantly. It showed reducing in Tmax, Cmax, and 
AUC insignificantly and also increased insignificantly in T1/2. 

37 GRT 
could increase mRNA Abcc2 expression significantly, while metformin 
downregulated the mRNA Abcc2 expression. Combination metformin 
and GRT made mRNA Abcc2 downregulated its expression. Since 
metformin is CYP450 independent, it depends on SLC transporters, 
like OCT and ABC transporters to showed its mechanism of action 
pharmacologically.38-40 The combination of both not affected 
of metformin pharmacokinetics profile specifically, and for the 
pharmacodynamic effect also insignificantly affected by combination 
compared to given metformin alone.37

Andrographis paniculata

Andrographis paniculata traditionally used as antidiabetic agent. 
Andrografolid as the main bioactive compound with bitter taste. 
Rats induced diabetes mellitus with high-fat-fructose diet given 
orally, purified extract of A. paniculata 434.6 mg/kg combined with 
metformin 2.5 mg/kg given twice daily could decrease the post-prandial 
glucose after 55 days compared to the 50th days. Andrografolid had the 
same activity as metformin in stimulating the GLUT-4 transporter to 
transport glucose and increased the expression of mRNA and the protein 
level in GLUT-4 transporter to transport glucose through cell.41-43

Lonicera japonica

Lonicera japonica Thunb. (Caprifoliaceae) popularly known in East 
Asia, traditionally used for lowering heat, clearing thirst, remove toxic 
substances and even improving diabetic symptoms. It is confirmed to 
have pharmacological activities from its flowers and flower buds as 
antidiabetic agent.44,45 Etanolic extract of Lonicera japonica (LJ) was 
used in combination with metformin to determine their interaction 
pharmacokinetically and pharmacodynamically. Low concentration 
of LJ inhibited the MATE1 receptor that used for metformin uptake 
to the cell. While LJ high concentration inhibited metformin 
penetration to cell mediated by some transporters. Combination of 
LJ and metformin after its oral administration showed changed in 
pharmacokinetics profile and metformin concentration insignificantly 
after 1, 7 and 28 days. Metformin distribution to liver after 28 days 
consuming both combination showed significantly higher after 3 
and 12 hours. The combination unaffected metformin distribution in 
renal significantly. So the combination of metformin and LJ escalated 
metformin concentration by inhibit liver MATE1 transporter and 
made intolerance glucose condition better. The glucose level showed 

no different significantly between groups that were given metformin 
alone or combination of both.45

Nisha amalaki
Nisha amalaki (NA), a formulation that contained of Curcuma longa 
Linn and Phyllanthus emblica Linn from Ayurvedic and Ninghantus. 
It is good for many diseases like also for diabetes. Combined with 
metformin, NA could affects metformin pharmacokinetics parameters. 
Co-administration NA at 200 mg/kg dose with metformin for 15 days, 
significantly increase the maximum concentration, maximum time 
concentration and infinity area under curve of metformin in contrast 
with metformin alone. It is also decreased the Vd and CL significantly 
compared to only metformin. This combination could increase the 
insulin levels and reduce the AUC plasma glucose than diabetic group.46

Plantago ovata

Plantago ovata (PO) used as purified psyllium fibers in treatment 
of diseases. Fibers could affect the bioavailability of drugs that 
administered orally in gastrointestinal tracts. Psyllium also has 
hypoglycemic properties that might possibly contribute in lowering 
glucose level taken together with metformin.12 Metformin 30 mg/kg 
administered intravenously after orally supplemented with PO husk 
fiber in certain dose for 35 days to normal rabbits, compared to rabbits 
that supplemented with standard chow. This study were performed for 
analyzing the pharmacokinetics studies and the fiber supplement effect 
on metformin concentration in blood.47 

The λ, Cl and MRT were insignificantly elevated at animal models 
supplemented with standard food in group that were given metformin 
intravenously. The glucose level and insulin concentrations also 
slightly higher in groups that were given with standard chow, but 
the differences is not significant.47 After metformin given orally, the 
concentration of metformin’s mean plasma is also slightly higher in 
standard chow than supplemented chow. The AUC, Va/F, AUMC, 
MRT, and F are slightly higher in supplemented chow.47 Fibers could 
increase the absorption amount of metformin and also slowing the 
rates of absorption. Significant delayed on tmax was shown while fiber 
is administered. Dietary with Plantago ovata husk can can play a role 
in lowering glucose levels in treatment of hyperglycemia and type 2 
diabetes mellitus.47 

Scutellaria baicalensis

Scutellaria baicalensis (SB) roots have been used traditionally in 
Eastern Asia as antioxidant, antiinflammatory, antiobesity, and 
antidiabetics agent.48 It is known as Traditional Chinese Medicine 
(TCM) that could improve the insensitivity of insulin and reduce total 
cholesterol of OLETF rats models while combined with metformin. 
In streptozotocin-induced diabetes rats, combined with metformin 
could improve hepatic antioxidant enzyme activity.49 Clinical study 
shows that both combination could improve glucose tolerance partially 
and expressing antiinflammatory effects by suppressing the immune 
modulators.49

Scutellaria baicalensis has some bioactive components such as baicalein, 
baicalin, and wogonin that might interact with drugs that rely on SLCs, 
OAT, OATPs, and OCTs or OCTNs.48 It is suggested that it might interact 
with metformin since metformin transport depends on those transporters. 
SB might also interacted with metformin mediated by MATE1.50

Catharanthus roseus

Metformin and Catharanthus roseus (CR) combined together 
significantly increase the hypoglycemic effect of metformin. CR 
mainly used in cancer chemotherapy from its bioactive components 
such as vincristine, vinblastine, vinleurosin, and vinposidin. The 
presence of flavonoids, alkaloids, and saponins plays important role 
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in hypoglycemic activity of CR. As observed in diabetic rats, CR has 
synergistic effect pharmacodynamically. It affected pharmacokinetically 
but insignificant.51

Canna edulis

Nutritional strategy for metabolic disease is very important for 
improving patient health. Resistant starch, novel dietary fibers that 
could also produced by Canna edulis. Canna edulis with 3rd type of 
resistant starch (Ce-RS3) administered on T2DM rats exhibited similar 
antidiabetic effects as those which treated with metformin. The effect 
including reduced blood glucose, elevated insulin resistance test 
response and test for anlyzing tolerance in glucose, also reducing the 
T2DM impairment in rats that occurs pathologically. This combination 
escalated the diverse of gut bacterial and significantly increase Short-
Chain Fatty Acids (SCFA) levels on producing bacteria.52

DRUG-ISOLATE INTERACTIONS

Curcuminoid
Curcuminoid (CE) is a bioactive compounds that exist in Curcuma 
longa Linn. It is potentially possess a significant an antidiabetic effects. 
Co-administration with metformin significantly affects metformin’s 
pharmacokinetics parameters such as the Cmax, AUC∞, and Tmax of 
metformin compared to metformin alone. It is also decreased the Vd 
and CL significantly compared to metformin alone. It is suggested 
that CE could affect the absorption and excretion of metformin. The 
possible mechanism is by inhibiting metformin transport through 
OCT. While pharmacodynamic interaction that occurs in diabetic 
rats model showed that maximum reduction in plasma glucose 
measurement occurred, could be seen from its AUC than the diabetic 
group. This combination also could reduce the triglycerides and HDL 
level significantly compared to untreated diabetic group.46

Berberine
Berberine as the main bioactive component from Rhizoma Coptidis 
have antidiabetic activity as hypoglycemic and insulin-sensitizing 
effects. It was analyzed while combined with metformin to make sure 
how is the interaction mechanism between both. Berberine inhibited 
metformin uptake by OCT1- and OCT2 based from its concentration 
after co-administration berberin with metformin. It also increased 
metformin initial concentration and AUC, decreased metformin 
systemic clearance and Vd in rats. This is suggested that berberine 
inhibited transport of metformin via OCT1 and OCT2 significantly. 
Two-hour pretreatment with berberine decreased the microbiota 
mediated degradation of metformin, so the in vivo bioavailability is 
higher. It could also increased the systemic exposure of metformin in 
body with 2 hours interval administration. 53,54

Methylmalonic acid
One of metformin side effects is decreased of serum vitamin B12 that 
might because of tissue B12 deficiency but it remains controversial. 
Methylmalonic acid (MMA) is a marker of tissue B12 deficiency. Long-
term placebo-controlled trial on metformin used together with MMA, 
showed that metformin reduce the serum levels of B12 and increased 
the MMA serum as well as homocysteine serum.55 The increasing 
of MMA serum in patients that taking metformin is correlated with 
significant worsening on validated clinical neropathy score. Metformin 
mechanism of action as the B12 lowering agent has been described in 
some papers.55-57

Mangiferin
Mangiferin could be found in variety of plans such as Mangifera 
indica L, Salacia spp., Iris unguicularis, Anemarrhena asphodeloides 

rhizoma, Bombax ceiba leaves. Its pharmacological properties 
including antioxidant, antimicrobial, anticancer, antiinflammatory, 
and antidiabetic activity.58 Mangiferin commercially prescribed 
as hypoglycemic agents with mechanism of action like dipeptidyl 
peptidase-4 inhibitor (DPP4-inhibitor). Given together metformin 
and mangiferin showed better glycemic control than treated with 
metformin or mangiferin only. It showed in animals or cells models 
with synergistic interaction. Both combinations could elevate overall 
diabetic conditions and suggest for clinical practice.59

Tangeretin
The flavonoid from Citrus sinensis fruit peels, Tangeretin have 
chemopreventive and chemosensitizer activities.60 Metformin as novel 
antiproliferative agent, combined with tangeretin to make the cells 
of breast cancer sensitized after resistant.61 Those combination was 
investigated and evaluated, and showed that the treatment combination 
triggered apoptosis and synergistically hindered cell proliferation in 
parental and resistant cells. This study showed, both combination force 
an inhibitory effect based on dose-dependent in the cancer cell lines 
and the cells corresponded to doxorubicin-resistant. The calculations of 
IC50 disclosed that resistant cells are sensitive to metformin preferable 
than parental counterpart. Metformin as energy restriction mimetic 
agents (ERMAs), combined with tangeretin could make resistant 
breast cancer cells sensitized. Both combination could decrease the rate 
and activity of ABCC1 and also ABCB1 pumps synergistically.61

Swietenine
Swietenine is the major compound of Swietenia macrophylla King 
(Meliaceae), a tetranortriterpenoid or limonoid. In diabetic patients, 
it could stabilized the blood glucose measurement. Metformin 
and swietenine as blood glucose lowering agent equally effective as 
metformin in certain dose in normal rats. While coadministration 
of swietenine significantly dropped the glucose level compared to 
non-diabetic group. Swietenine dose dependently could elevate the 
biomarkers such as glucose, LDL, total cholesterol, triglycerides, 
liver function test measurement, urea, also creatinine. Swietenine 
combined with metformin could increase the capacity of total 
antioxidant by increasing the malondialdehyde level and did not 
induced hypoglycemia, liver toxiticy or renal toxicity. The combination 
effectively control the blood glucose and lipid level, also protect liver 
and kidney from elevated blood gluse levels effect.62

CONCLUSION
Metformin with its various uses such as antidiabetic agent, an effective 
agent to lose weight for patients with insulin sensitivity problems, 
obesity patients, anti-tumor agent, anti-cancer potential agent, and 
also has anti-aging potential Metformin could interact with drugs, 
herbs, and also some bioactive isolate. The interaction might occur 
pharmacokinetically or pharmacodynamically. Pharmacokinetics 
interactions occurred during distribution and also excretion via 
transporters that metformin transported with. This was shown as the 
elevated or lowered metformin levels in blood. Pharmacodynamics 
interactions can be seen as the lowering or elevated levels of glucose, 
HbA1c and even the lipid profile in blood or plasma. The drug-herbs 
and drug-isolate interaction are concluded in Table 1 and Table 2.
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Herbs Types of 
preparation

Dose of 
Herbs

Dose of 
Drug Administration Sample study Pharmacokinetics 

Profiles Pharmacodynamic effects References

Momordica 
charantia 
(MC)

Fruit juice 77.58 g/mL NM PO
Alloxan-induced 
diabetics - DDY 
mice

NM Significantly enhance the 
glucose-lowering effect

18

Fruit juice 20 mL/kg BW 50-100 mg/
kg BW PO STZ-induced 

diabetics Wistar rats
NM Significantly enhance the 

glucose-lowering effect
19

Capsuled-dried 
powder

500, 1000, 
and 2000 mg 
daily

1000 mg 
daily PO Type 2 diabetes 

patients NM
Best for reduce the glucose 
and fructosamine levels with 
MC dose 2000 mg daily

22

Extract
75, 150, and 
300 mg/kg 
BW

7.5 and 15 
mg/kg BW PO

Alloxan-induced 
diabetics Swiss 
Albino male rats

NM

Synergistic effect as 
hypoglicemic agent and 
maintain normal lipid 
profiles

23

Brassica rapa 
(BR) Extract 400 mg/kg 50 and 100 

mg/kg BW PO STZ-induced 
diabetic rats NM

Improved metformin 
hypoglycemic activity 
significantly with synergistic 
interaction

27

Ginkgo biloba

Extract 120 mg daily

500 mg 
(non-
diabetics)
250-
850 mg 
(T2DM)

PO Non-diabetics and 
T2DM patients

Increased plasma 
level of metformin. 
Resident time of 
metformin
Decreased Tmax in 
non diabetics
Excretion of 
metformin in T2DM

Significantly enhance the 
glucose-lowering effect

28

Extract 120 mg daily 500 or 850 
mg PO T2DM patients NM

Significantly decreased 
HbA1c, fasting serum 
glucose, and insulin.

29

Cocos nucifera Extract 250 and 500 
mg/kg BW

22.5 mg/kg 
BW PO STZ-induced 

diabetic rats NM
Significant antidiabetic 
effect, decrease plasma 
glucose level.

31

Zingiber 
officinale

Extract 400 µg/mL 200 nM Co-cultured cell Rats L6 skeletal 
muscle cell line NM Increase glucose transport 

activity of L6 myotubes.
32

Juice 2000 mg/mL NM PO
Alloxan-induced 
diabetics DDY male 
mice

NM Decreased blood glucose 
level significantly.

34

Extract 500 mg/mL 150 mg/kg 
BW daily PO STZ-induced 

diabetic Albino rats NM Significantly enhance the 
glucose-lowering effect.

35

Aspalathus 
linearis Extract (GRT) 50 mg/kg BW 150 mg/kg 

BW PO Wistar rats

Plasma level of 
metformin not 
affected by the 
interaction

Metformin downregulated 
Abcb1a expression and GRT 
increased Abcc2 expression.

37

Andrographis 
paniculata

Purified extract 436,6 mg/kg 45 mg PO Sprague-Dawley 
Rats NM Significantly enhance the 

glucose-lowering effect.
63

Mixtured 
extract (EM) 
with Syzygium 
polyanthum

900 mg daily 1000 mg 
daily PO T2DM patients NM

Potential beneficial effects and 
prevent short- and long-term 
diabetes risk complications.

43

Lonicera 
japonica (LJ) Extract 200 mg/kg 

BW
100 mg/kg 
BW PO

In vitro HEK-293 
cells
In vivo rats

Decreased AUC, 
Cmax, Ae0-24h, GI24h, 
CLR
Increased body 
weight, terminal half-
life, CL/F, Tmax,

LJ inhibited metformin 
uptake in vitro by MATE1.
Improved glucose 
tolerance with no change 
of metformin that exposed 
systemically.

45

Nisha Amalaki Standardized 
Nisha Amalaki 200 mg/kg 200 mg/kg PO

STZ-induced 
diabetic male wistar 
rats

Significantly 
decreased Cmax, 
AUCt, and
AUC∞
Significantly 
increased CL and Vd

Beneficial antihyperglycemic 
and antihyperlipidemic 
effects.

64

Plantago ovata Husk 3.5 mg/kg 
BW daily

30 mg/kg 
BW (IV)
30 mg/kg 
(PO)

PO and IV New Zealand albino 
rabbits

No significant 
differences between 
metformin and 
Plantago ovata husk 
supplemented groups 
in pharmacokinetic 
parameters 
intravenously.
Orally administered 
metformin increased 
AUC, T1/2 and AUMC

Reduced glucose level and 
elevated insulin measure in 
supplemented rabbits

47

Table 1: Study Drug-Herbs Interaction of Metformin and Herbs.
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Scutellaria 
baicalensis

Capsulled 
extract 3.52 g 500 mg PO T2DM patient NM

Improved glucose tolerance 
and inflammatory markers 
expression in patient with 
T2DM

49

Extract 200 mg/kg 
BW

100 mg/kg 
BW PO Sprague-Dawley 

rats NM

Reduced biliary excretion 
of metformin, enhanced 
plasma lactate level. 
Improved glucose 
tolerance partially without 
hypoglycemia.

65

Catharanthus 
roseus Extract 250 mg/kg 

BW
100 mg/kg 
BW PO Mice and albino 

rats NM
Significantly increased 
the hypoglycemic effect of 
metformin

51

Canna edulis Type 3 resistant 
starch 2 g/kg BW 300 mg/kg 

BW PO Sprague-Dawley 
rats NM

Increased gut bacterial 
diversity associated with 
T2DM-related indexes, 
alleviated diabetic 
phenotype dysbioses, 
improved metabolic control

52

Ae0-24h, dose excreted in urine for 24 h in percentation; AUMC, area below the first momment curve; AUC, area under the plasma concentration-time curve;BW, 
body weight; CL/F, total body clearance; CLR, renal clearance; Cmax, plasma peak concentration; GI, gastrointestinal tract; GI24h, dose recovered from the GI at 24 h in 
percentation;  NM, not mentioned;  STZ, streptozotocin; T2DM, type 2 diabetes mellitus; PO, per oral administration; Tmax, time to achieve; T1/2, half-life elimination.

Isolates Types of 
preparation

Dose of 
Isolate

Dose of 
Drug Administration Sample study Pharmacokinetics 

Profiles
Pharmacodynamic 
effects References

Curcuminoid Extract 30 mg/kg 
BW

200 mg/
kg BW PO STZ-induced diabetic 

male wistar rats

Significantly decreased 
Cmax, AUCt, and
AUC∞
Significantly increased 
CL and Vd

Beneficial 
antihyperglycemic and 
antihyperlipidemic 
effects.

46

Berberine

Berberine 
chloride isolate

200 mg/
kg BW

200 mg/
kg BW PO Sprague-Dawley Rats

Increased AUC0-∞, T1/2, 
and MRT.
Reduced CL/F.

Significant effect 
of sequential co-
administration berberine and 
metformin could be related 
to the microbiota mediated 
metabolisms in GI.

54

Berberine 
isolate

10 mg/kg 
BW

2 mg/kg 
BW IV Male Sprague-Dawley 

rats

Increased initial plasma 
concentration and AUC 
of metformin.
Decreased systemic 
clearance and volume 
of distribution of 
metformin.

Berberine inhibited 
activity of transporter 
OCT1 and OCT2.

66

Methylmalonic 
acid (MMA) NM NM 850 mg 

daily PO T2DM patients NM

Long-term placebo-
controlled trial showed 
metformin progressively 
increase serum MMA 
and homocysteine. 
It is associated with 
significant worsening 
of  validated neuropathy 
score.

55

Mangiferin Mangiferin 
isolate

40 mg/kg 
BW

100 mg/
kg BW PO

STZ-indiced diabetes 
Sprague-Dawley rats 
with HFD.
In vitro on HepG2 cells

NM

In vitro study suggested 
a positive interaction 
on glucose uptake and 
exhibited a potent 
antidiabetic effect.

59

Tangeretin Isolate 
tangeretin

8.5-48 
µM

14.5-22 
mM Injected to cells

Breast cancer cell lines 
(MCF-7, MDA-MB-23) 
and its resistant 
phenotype

NM

Improve metformin 
ability as anticancer both 
in parental and resistant 
cancer cells.

61

Swietenine Isolate 
swietenine

10, 20, 
and 40 
mg/kg 
BW

50 mg/
kg BW PO STZ-induced diabetic 

rats NM

Beneficial and synergistic 
effects of swietenine  with 
metformin in controlling 
the dysregulated serum 
parameters.

62

Ae0-24h, dose excreted in urine for 24 h in percentation; AUMC, area below the first momment curve; AUC, area under the plasma concentration-
time curve;BW, body weight; CL/F, total body clearance; CLR, renal clearance; Cmax, plasma peak concentration; GI, gastrointestinal tract; GI24h, 
dose recovered from the GI at 24 h in percentation;  NM, not mentioned;  STZ, streptozotocin; T2DM, type 2 diabetes mellitus; PO, per oral 
administration; Tmax, time to achieve; T1/2, half-life elimination.

Table 2: Drug-Isolate Interactions of Metformin and Isolates.
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1. Metformin with its various uses such as antidiabetic agent, an effective agent to lose weight for patients with 
insulin sensitivity problems, obesity patients, anti-tumor agent, anti-cancer potential agent, and also has anti-
aging potential 

2. Metformin could interact with drugs, herbs, and also some bioactive isolate. The interaction might occur 
pharmacokinetically or pharmacodynamically. 

3. Pharmacokinetics interactions occurred during distribution and also excretion via transporters that metformin 
transported with. This was shown as the elevated or lowered metformin levels in blood. 

4. Pharmacodynamics interactions can be seen as the lowering or elevated levels of glucose, HbA1c and even the 
lipid profile in blood or plasma.
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