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Abstract: Metformin is one of the most common medicines for the treatment of type 2 diabetes, however, recent studies 

suggest that concomitant antihyperglycemic agents should be administered for better efficacy. Yukmijihwang-tang 

(YMJHT) is a nephroprotective polyherb prescribed for renal disorders or diabetic mellitus in traditional Korean 

medicine. Therefore, the pharmacokinetics between metformin and YMJHT were examined for their coadministration. 

Rats were orally coadministered with metformin and YMJHT as a combination group or metformin and distilled water as 

the corresponding control. Then, the metformin concentration in plasma and its pharmacokinetic parameters including 

maximum concentration (Cmax) and area under the plasma concentration time curve (AUC) were analyzed. There were 

no interactions between metformin and YMJHT in the single coadministration at intervals within 5 min. However, 

pretreatments with YMJHT for 6 days increased the metformin concentration and its Cmax and AUC (p<0.05). The 

repeated coadministration for 8 days increased the Cmax of metformin (p<0.05). Conversely, when the combination was 

coadministered at 2h -intervals, there were no interactions between metformin and YMJHT after a single dosing or 

repeated dosing of coadministration for 7 days. These results of the present study will help structure proper dosing 

regimens for the concomitant therapy of metformin and YMJHT. 
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INTRODUCTION 
 

Type 2 diabetes mellitus is a complex metabolic disorder 

characterized by elevated blood glucose levels, altered 

secretion of insulin and insulin resistance (Defronzo, 

2009). Metformin is a first-line oral medicine for the 

treatment of type 2 diabetes, particularly in obese people 

(Nasri and Rafieian-Kopaei, 2014). Although it has the 

risk of increasing lactic acidosis and some gastrointestinal 

adverse effects (Pasquel et al., 2015; Tahrani et al., 2011), 

the drug is widely prescribed as an antidiabetic medicine 

(Rhee et al., 2017). Furthermore, the clinical applications 

are increasing more since it has been prescribed to treat 

polycystic ovary syndrome, nonalcoholic fatty liver 

disease and cancer as well (Nasri and Rafieian-Kopaei, 

2014; Rouabhia et al., 2014).  

 

The pharmacological efficacy of metformin is related to 

improve hyperglycemia by suppressing glucose 

production in the liver and its absorption in the 

gastrointestinal tract and enhancing peripheral glucose 

uptake and insulin sensitivity (Bailey and Turner, 1996; 

Towler and Hardie, 2007). However, owing to the 

progressive functional loss of pancreatic β-cells caused by 

the insulin-independent mechanism of metformin, 

concomitant therapy with another antihyperglycemic 

agent is required (Haak, 2015). Based on their different 

glucose-lowering mechanisms, many compounds have 

been reported as potential candidates, however, most 

treatments have shown adverse effects such as 

hypoglycemia (e.g., sulfonylureas, amylin analogue, and 

insulin), weight gains (e.g., sulfonylureas, insulin, and 

thiazolidinediones), gastrointestinal disturbances (e.g., α-

glucodidase inhibitors), genital and urinary tract 

infections (e.g., sodium/glucose cotransporter 2: SGLT2 

inhibitors), and peripheral edema and potential 

cardiovascular effects (e.g., thiazolidinediones) (Tahrani 

et al., 2011). In addition, the beneficial effects of 

metformin on glycemia are not sustainable in the long 

term because the function of β-cell is progressively 

declining (Del Prato et al., 2007). This suggests that 

targeting a single defect may be insufficient to provide 

better glycemic control or slow the disease progression. 

Indeed, there have been studies to improve the overall 

efficacy in combination therapies of metformin with 

dipeptidyl peptidase-4 inhibitors (eg. linagliptin) (Forst et 

al., 2010) or SGLT2 inhibitors (e.g. henagliflozin) (Wang 

et al., 2015).  

 

Yukmijihwang-tang (YMJHT; Liuweidihuangtang in 

Chinese and Rokumijio-to in Japanese) is a traditional 

Korean medicine composed of 6 herbs (table 1) (Xie et al., 
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2008), and it has been prescribed to treat diabetes, 

glomerulonephritis and retarded mental and physical 

development in children (Chen et al., 1997). The YMJHT 

has been reported to have therapeutic potentials in 

experimental animal models of renal ischemia/reperfusion 

(Kang et al., 2006a) and patients with diabetes (Song et 

al., 2004; Pu et al., 2013). It has shown various 

pharmacological effects involved in inhibiting 

inflammation, oxidative stresses, and adiponectin (Perry 

et al., 2014; Lee et al., 2005). It also has shown to 

improve memory (Kang et al., 2006b), inhibit bone loss 

(Shim et al., 2011) and protect against prostate 

hyperplasia (Shin et al., 2012). We hypothesized that the 

nephroprotective and anti-diabetic effects of YMJHT may 

enhance the pharmacological properties of metformin as a 

comprehensive and integrative medicine, while reducing 

the side effects. For the combination therapy, the safety 

pharmacology or pharmacokinetic herb-drug interactions 

should be sufficiently monitored, but there are currently 

no studies on the pharmacokinetic interactions between 

metformin and YMJHT. Therefore, we performed 

comprehensive pharmacokinetic analyses between 

YMJHT and metformin. 

 

MATERIALS AND METHODS 
 

Animals 

Male Sprague-Dawley rats (6-week-old, SLC Inc., Japan) 

were randomly allocated to polycarbonate cages (n=5 

each) in a room controlled at 20-25ºC temperature and 

humidity of 40-45%, with a 12h-light and 12h-dark cycle. 

Feed and water were provided ad libitum. All animal 

experiments were carried out according to the Guidelines 

for Care and Use of Laboratory Animals of the Daegu 

Haany University (Gyeongsan, Korea).  

 

Reagents 

Commercial YMJHT (Lot No.: 12003) was purchased 

from Korea INS Pharm. (Hwasoon, Korea). The contents 

of YMJHT are shown in table 1. Metformin was obtained 

from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). 

Both drugs were dissolved in distilled water as a vehicle.  

 

Experimental design 

Rats were acclimatized for 2 weeks and divided into 2 

groups of control and combination (n=5 per group), based 

on body weight. The combination group was orally 

coadministered with metformin and YMJHT, while the 

control group was coadministered with metformin and 

distilled water. The pharmacokinetic interactions were 

analyzed in 4 different protocols as follows: Single 

coadministration within 5 min between metformin and 

YMJHT or distilled water (Study I); the repeated 

coadministration for 8 days after either pretreatment with 

YMJHT in the combination group for 6 days or 

pretreatment with distilled water in the control (Study II); 

Single (Study III) or repeated (Study IV) dosing of the 

coadministration for 7 days at 2 h-intervals between both 

administration. The doses of metformin and YMJHT were 

determined at 500mg/kg and 100mg/kg, respectively, by 

their toxicity and pharmacodynamics. The drugs were 

coadministered once a day in a volume of 5ml/kg. The 

body weight was measured at every administration. To 

avoid any influence of the diet, animals were fasted 

overnight prior to the pretreatment or the initial and last 

coadministration of the repeated dosing.  

 

Blood collections 

Blood samples for pharmacokinetic analyses were 

collected, as described previously (Kang et al., 2014; Kim 

et al., 2015). In brief, rats were slightly anesthetized with 

diethyl ether (Duksan Pure Chemical, Seoul, Korea), and 

blood via the orbital plexus was sampled at 0.5h before 

the coadministration (-0.5h) and 0.5, 1, 2, 3, 4, 6, 8 and 

24h after the coadministration. The samples were 

collected into heparin (50 IU) containing tubes, and 

centrifuged for 10 min at 11,400g. The resultant clear 

plasma was stored at -80ºC until the pharmacokinetic 

analyses. 

 

Sample preparation and calibrations 

Standard metformin (Sigma, St. Louis, MO, USA) was 

prepared at 1.0mg/ml in acetonitrile, and it was dose-

dependently diluted for working standard solutions. 

Carbamazepine (Sigma) was used at 500ng/ml in 

acetonitrile as an internal standard (IS) solution. 

Metformin was calibrated with the dose-dependent 

working standard solutions and IS solution. Plasma 

sample was added with IS solution and centrifuged at 

9,700g for 10 min at 4ºC. The clear supernatants were 

subjected to a liquid chromatography-tandem mass 

spectrometry (LC-MS/MS) system. 

 

LC-MS/MS conditions 

Concentration of metformin was determined using an 

Agilent 1100 HPLC system (Agilent Technologies, Santa 

Clara, CA, USA) consisting of an on-line degasser, a 

binary pump, an autosampler and column compartment. 

The chromatographic separation was conducted using a 

Shiseido CAPCELL PAK
TM

 C18 MGII (5μm, 2.0×150 

mm) (Shiseido, Tokyo, Japan), at a mobile phase flow 

rate of 0.20ml/min. The mobile phase consisted of 60% 

acetonitrile and 40% distilled water containing 10mM 

NH4OAc and 0.1% formic acid. The analytes were 

detected by an API 2000 triple-quadruple mass-

spectrometric detector (Applied Biosystems, Foster City, 

CA, USA) equipped with an electrospray interface in the 

positive ion mode. The instrument was operated with 5.0 

kV ion spray voltage, and nitrogen was used as 12 psi for 

nebulization, 6 psi for curtain and 8 psi for collision. The 

gas temperature was set at 375°C. The fragmentation 

transitions for the multiple-reaction monitoring were 

130>71 (retention time: 1.3 min) for metformin and m/z 

237>194 (retention time: 2.5 min) for the IS. It was 
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controlled by the Analyst version 1.4.1 software (Applied 

Biosystems). The calibration curve for metformin was 

linear over the ranges studied with an r
2
>0.999 and the 

lower quantification limit was 100ng/ml. 

 

Pharmacokinetic analysis 

Pharmacokinetic analysis from the metformin 

concentration data was performed using PK solution 2.0 

analyzer programs (Summit, CO, USA). Elimination rate 

constant (Ke) was calculated by the linear regression of 

the metformin concentration in the elimination phase, and 

the half-life (t1/2) was calculated as 0.693/Ke. The 

maximum plasma concentration (Cmax) of metformin and 

time of the maximal concentration (Tmax) were estimated 

by visual inspection of the concentration data. Area under 

the plasma concentration-time curve from 0h to the time 

of the last quantifiable concentration (Clast) was calculated 

as AUC0-t using the trapezoidal rule. The AUC from 0h to 

infinity (AUC0-inf) was derived by adding the AUC0-t, and 

then extrapolating the area determined by the Clast/Ke. The 

mean residence time extrapolated to infinity (MRTinf) was 

estimated by dividing area under the first moment curve 

of the AUC by the AUC0-inf.  

 

Table 1: Composition of herbs for Yukmijihwang-tang aqueous extracts. 
 

Herbs Scientific Names Amounts 

Rehmanniae Radix Preparat Rehmannia glutinosa Liboschitz var. purpurea Makino 2g 

Dioscoreae Rhizoma Dioscorea batatas Decaisne 1g 

Corni Fructus Cornus officinalis Siebold et Zuccarini 1g 

Hoelen Poria cocos Wolf 1g 

Moutan Cortex Paeonia suffruticosa Andrews 1g 

Alismatis Rhizoma Alisma orientale Juzepczuk 1g 

Total 6 types 7g 

The commercial Yukmijihwang-tang was composed of 6 types of polyherbs (Korea INS Pharm., Hwasoon, Korea). 
 

Table 2: Metformin pharmacokinetics in single coadministration at intervals within 5 min (Study I) 
 

Parameters Control (Metformin + distilled water) Combination (Metformin + YMJHT) 

Tmax (h)  1.10±0.55 0.90±0.22 

Cmax (μg/ml) 25.82±3.06 23.24±3.83 

AUC0-t (μg h/ml) 147.63±24.37 156.57±27.06 

AUC0-inf (μg h/ml) 177.06±35.17 200.00±29.04 

t1/2 (h)  9.23±3.23 10.56±1.73 

MRTinf (h) 11.35±5.18 14.44±2.65 

Values are expressed as means ± SD in 5 sample sizes. 
 

Table 3: Metformin pharmacokinetics in 8 day-repeated coadministration at intervals within 5 min after 6 day-

pretreatments (Study II). 
 

Parameters Control (Metformin+distilled water) Combination (Metformin+YMJHT) 

After first coadministration 

Tmax (h)  0.90±0.22 0.90±0.22 

Cmax (μg/ml) 20.20±3.42 34.80±9.04* 

AUC0-t (μg h/ml) 126.22±24.71 175.50±18.37* 

AUC0-inf (μg h/ml) 159.94±26.47 213.16±32.84* 

t1/2 (h) 10.72±3.37 9.97±1.28 

MRTinf (h) 13.99±4.80 11.71±2.80 

After last coadministration 

Tmax (h)  3.00±1.00  2.38±2.50 

Cmax (μg/ml)  42.20±10.57   66.75±30.74* 

AUC0-t (μg h/ml)  425.14±225.60  531.99±181.63 

AUC0-inf (μg h/ml)  499.36±211.07  612.11±155.90 

t1/2 (h)  9.63±4.95  8.59±4.09 

MRTinf (h) 12.61±5.86 11.44±6.02 

Values are expressed as means ± SD in 5 sample sizes. * p<0.05, by MW tests vs control. 
Rats received repeated oral coadministration of control (metformin + distilled water, DW) or combination (metformin + 

Yukmijihwang-tang, YMJHT). (A) Combination group was pretreated with YMJHT for 6 days, followed by repeated 

coadministration of combination for 8 days at intervals within 5 min, while the corresponding control group was pretreated with 

DW, followed by repeated coadministration of control (Study II). (B) The coadministration was repeated for 7 days at 2 h-intervals 

(Study IV). Values are expressed as means ± SD (g) of five rats. 
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STATISTICAL ANALYSIS 

 

Values are expressed as means ± the standard deviation 

(SD) in 5 sample sizes per group. The data for the plasma 

concentration of metformin and body weights were 

analyzed using a two-way analyses of variance (ANOVA) 

with main effects of the group. The time of blood samples 

or day when the body weight was measured were treated 

as repeated measurements. The pharmacokinetic 

parameters were examined by non-parametric comparison 

tests, followed by Mann-Whitney U (MW) tests. The 

statistical significance was defined as p<0.05. 
 

RESULTS 
 

Body weight changes  

In the studies II and IV, no significant differences were 

found in the body weights between the control and 

combination (data not shown). Further, there were no 

meaningful changes in body weight gains after the 

pretreatment with YMJHT and the repeated 

administration of the combination at intervals within 5 

min (Study II) or at 2 h-intervals (Study IV) (fig. 1). 

 

Effect of YMJHT on pharmacokinetic profiles of 

metformin 

Study I. Single dosing of coadministration at intervals 

within 5 min  

Metformin was detected in plasma at 0.5 to 24 h after the 

coadministration in both the control and combination 

groups, but there were no significant changes in the 

plasma concentration of metformin (fig. 2A). In addition, 

the pharmacokinetic parameters between both groups 

showed no significant differences (table 2).  
 

Study II. Repeated dosing of coadministration for 8 days 

at intervals within 5 min after pretreatment with 

YMJHT for 6 days.  

The pharmacokinetics of metformin in combination with 

YMJHT was analyzed in 2 phases: after repeated 

pretreatments and after repeated coadministration. In the 

first coadministration after the pretreatments, the two-way 

ANOVA for the plasma concentration of metformin 

showed significant main effects for the group (p<0.01) 

and time (p<0.01) (fig. 2B). There were also significant 

interactions between both main effects of group and time 

(p<0.05). The post hoc revealed increases in the 

concentration of metformin at 0.5 to 3h post-

coadministration (p<0.05). After repeated 

coadministration, metformin was found at -0.5 to 24h 

post-coadministration (fig. 2C). There were significant 

main effects of time (F=17.6; p<0.01), representing 

natural time-dependent pharmacokinetics, but no main 

effects for the group. There were no significant 

interactions between the group and time, although 

metformin concentration seemed to be increased in the 

 
Fig. 1: Body weight changes in repeated coadministration of metformin with YMJHT. 
 

Table 4: Metformin pharmacokinetics in single and 7 day-repeated coadministration at 2 h-intervals (Studies III and IV) 
 

Parameters Control (Metformin + distilled water) Combination (Metformin + YMJHT) 

After single coadministration 

Tmax (h) 1.40±0.97 1.20±0.71 

Cmax (μg/ml) 24.90±3.70 25.30±7.63 

AUC0-t (μg h/ml) 169.41±53.54 182.01±75.71 

AUC0-inf (μg h/ml) 206.79±88.71 224.95±109.24 

t1/2 (h) 9.61±3.58 9.76±3.59 

MRTinf (h) 10.89±5.14 11.56±5.47 

After repeated coadministration 

Tmax (h) 2.00±0.94 2.00±1.37 

Cmax (μg/ml) 30.20±3.11 27.80±3.27 

AUC0-t (μg h/ml) 190.47±32.44 199.24±61.78 

AUC0-inf (μg h/ml) 211.43±36.92 221.75±70.49 

t1/2 (h)  8.30±2.27  8.09±2.14 

MRTinf (h)  8.68±2.66  8.81±2.62 

Values are expressed as means ± SD in 5 sample sizes. 
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combination compared with the control. The 

pharmacokinetic parameters of metformin, the Cmax and 

AUC, significantly increased in the first combination after 

pretreatments with YMJHT, compared with the control 

(p<0.05) (table 3). Furthermore, the Cmax was significantly 

increased after repeated coadministration (p<0.05).  
 

Study III. Single dosing of coadministration at 2 h-

intervals 

Because pharmacokinetic interactions between metformin 

and YMJHT were observed in Study II, the YMJHT was 

administered 2h after metformin. The two-way ANOVA 

indicated no significant differences in the metformin 

concentration in plasma between the control and 

combination groups (fig. 3A). There were no significant 

differences in the pharmacokinetic parameters of 

metformin between both groups (table 4). 
 

Study IV. Repeated dosing of coadministration for 7 

days at 2 h-intervals  

The pharmacokinetic interactions were further analyzed 

by repeated coadministration of the combination at 2 h-

intervals. No significant differences were found in the 

plasma concentration of metformin and its 

pharmacokinetic parameters between the control and 

combination (fig. 3B and table 4). 

 

DISCUSSION 
 

Combination therapies using herbal medicines with 

synthetic drugs have been studied for the beneficial 

effects on certain diseases, however, some combination 

therapies can cause adverse reactions or interactions 

between the herb and drug can influence bioavailability, 

leading to adverse effects (Yang et al., 2006). In the 

current study, no interactions between metformin and 

YMJHT were noticed when they were coadministered 

within 5 min of each other. However, at the intervals 

within 5 min, the coadministration of combination after 

pretreatments with YMJHT for 6 days increased the 

plasma concentration of metformin and the 

pharmacokinetic parameters (Cmax and AUC), and the 

repeated coadministration of combination for 8 days also 

increased Cmax. This suggests that YMJHT should be 

avoided prior to treatment with metformin or when 

coadministered with metformin at short intervals (within 

5 min). When the coadministration interval was modified 

to 2h, the coadministration showed no interactions 

between metformin and YMJHT, after the single and even 

after the repeated coadministration of combination. 

 

Metformin is absorbed slowly in the body, and clinical 

pharmacokinetic analyses showed the Cmax within 1-3h 

and 50-60% oral bioavailability in fasting conditions 

(Gong et al., 2012). It has negligible plasma protein 

binding, and it is easily excreted by tubular secretion, 

with very low metabolism in the body (Gong et al., 2012; 

Scheen, 1996). Based on this context, the increased Cmax 

 
 

Fig. 2: Plasma concentrations of metformin in 

coadministration with YMJHT at intervals within 5 min. 
 

Rats received oral coadministration of control (metformin 

+ distilled water, DW) or combination (metformin + 

Yukmijihwang-tang, YMJHT) and the coadministration 

was performed at intervals within 5 min. The plasma 

concentration of metformin was analyzed after the single 

coadministration (Study I) (A), and the first (B) and last 

(C) coadministration of repeated treatments for 8 days 

(Study II). Values are expressed as means ± SD (μg/ml) 

of five sample sizes. *: p<0.05. 
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Fig. 3: Plasma concentrations of metformin in 

coadministration with YMJHT at 2 h-intervals. 
 

Rats received oral coadministration of control (metformin + 

distilled water, DW) or combination (metformin + 

Yukmijihwang-tang, YMJHT), and the coadministration was 

performed at 2 h-intervals. The plasma concentration of 

metformin was analyzed after the single coadministration (Study 

III) (A), and repeated coadministration for 7 days (Study IV) (B). 

Values are expressed as means ± SD (μg/ml) of five sample 

sizes. 
 

of metformin or its AUC, observed in combination with 

YMJHT in Study II, represents the increased systemic 

exposure and bioavailability of metformin, which might 

be involved in the decreased elimination of metformin by 

delayed renal clearance through the organic cationic 

(positively charged) transporters (Graham et al., 2011), 

rather than the influences in the absorption or metabolism. 

Similarly, there are various drug-drug interactions when 

metformin is coadministered with other drugs. For 

example, cimetidine, one of H2-receptor antagonists, 

increases the metformin concentration in plasma by 

inhibiting its renal clearance (Somogyi et al., 1987). It is 

considered that the cationic form of cimetidine may 

interfere with the clearance of metformin by competing 

with the same cationic transport mechanism for tubular 

secretion. Cefalexin is also known to increase metformin 

concentrations by inhibiting the clearance mechanism 

(Jayasagar et al., 2002). Furthermore, increases in Cmax or 

AUC have been reported in combination of metformin 

with itraconazole (Choi et al., 2010), pyrimethamine 

(Kusuhara et al., 2011) or telithromycin (Lee et al., 2010), 

accompanying with reduced renal elimination or hepatic 

metabolism. This suggests that the coadministration of 

metformin with YMJHT at 2 h-intervals has a limited 

impact on the renal clearance; therefore, there are 

minimal pharmacokinetic interactions between metformin 

and YMJHT. 

 

In long-term treatment of diabetes, proper dosing 

regimens for novel combination therapies require 

sufficient evidence from pharmacokinetic analyses before 

they can be considered safe. A life threatening condition 

of lactic acidosis is a well-recognized complication of 

biguanide therapy (Pasquel et al., 2015). In the present 

study, the altered bioavailability of metformin after 

pretreatments with YMJHT or its repeated combination 

may cause unexpected adverse reactions as well as 

development of lactic acidosis. However, YMJHT is not 

considered to highly influence the excretion of metformin 

when coadministered at 2 h-intervals. These provide 

important information for further pharmacokinetic studies 

on proper dosing regimen for a comprehensive and 

integrative therapy in diabetes. 
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