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ABSTRACT 

Obesity is psychological and socioeconomic problems as well as health problems related to physical 

disease and disorder. The obesity epidemic, including a marked increase in the prevalence of obesity 

among pregnant women, represents a critical public health problem throughout the world. 

Gung-Gui-Tang (GGT), a prescription of traditional Korean medicine, has been used to treat dizziness 

due to loss of blood as well as static blood after childbirth. However, the therapeutic potential of GGT on 

postpartum obesity has not been fully elucidated in an experimental model. In our research, GGT 

inhibited the increases of body weight and adipose tissues in postpartum mice fed a high-fat diet. GGT 

also inhibited the elevations of plasma lipid profiles such as triglyceride, low-density lipoprotein 

cholesterol, total cholesterol, and glutamate pyruvate transaminase. Overall, these results provide 

evidence that GGT can help to inhibit postpartum obesity and open new perspective to recover the shape 

of mother into the moment of conception.  
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INTRODUCTION  
 

Extensive research supports that obesity during the postpartum 

period presents the psychosocial consequences of being fat 

(Pedersen et al., 2011). Postpartum is the period of transition to 

motherhood (Davis et al, 2012). Most women in postpartum 

stage experience certain amount of distress due to changes of 

lifestyle including breastfeeding, managing nutrition and sleep 

patterns (Pedersen, et al., 2011). Researchers demonstrate a 

strong connection between obesity and depression among 

postpartum women (Schmitt et al., 2007). Overweight and 

obese women in the postpartum period have a greater rate of 

depression than normal weight women (Carter et al., 2000). 

Obesity is also associated with Postpartum depression(PPD) 

which is mood disorder involving symptoms of fatigue, fears, 

anxiety, thoughts of compulsion, and mood swings (Sundaram 

et al., 2012). Postpartum depression causes neglect of the infant, 

child care stress, poor marital satisfaction, and low self-esteem 

(Reck et al., 2004). Regarding socioeconomic factors, 

researches are consistently reported that the level of 

socioeconomic status is inversely correlated with obesity in 

developed countries (Gustafsson et al., 2012). Low income 

women with less than a high school education have twice the 

obesity rates as women of higher socioeconomic status (Singh 

et al., 2010). 

The prevalence of obesity has increased over the past 

decades (Stienstra et al., 2007). A certain amount of body fat is 

necessary for storing energy, heat insulation, shock absorption, 

and other functions. The normal amount of body fat is between 

25 - 30% in women and 18 - 23% in men. Women with over 30% 

body fat and men with over 25% body fat are considered obese 

(Mokdad et al., 2001). Obesity increases the risk of various 

diseases, particularly heart disease, type 2 diabetes, breathing 

difficulties during sleep, certain types of cancer, and 

osteoarthritis (Rasouli and Kern, 2008).  

In traditional Korean medicine (TKM), obesity was 

described with the characters ‘obese (肥)’ and ‘obese person 

(肥人)’ in ancient medical book (Hong, 1985). The etiology 

according to the figure of the person explains the cause of a 

disease with simple sentences like ‘the obese person has much 

dampness (肥人濕多)’ and ‘the lean person has much fire (瘦

人火多) (Huh, 1999). In general, in TKM, the causes of obesity 

are seen as the overeating of oily foods (過食 膏粱厚味), qi 

deficiency (氣虛, deficiency of qi that leads to decreased 

visceral functions and lowered body resistance), 

phlegm-dampness (痰濕, a combination of phlegm and internal 

dampness as an entity to cause disease), and static blood (瘀血, 

a pathological product of blood stagnation, including 

extravasated blood and the blood circulating sluggishly or 

blood congested in a viscus, all of which may turn into a 

pathogenic factor) (Kim and Choi, 1985).  

Most women have a tendency to be fat after childbirth. This 

postpartum obesity is mainly induced by the dual deficiency of 

spleen-kidney (脾腎兩虛) and qi deficiency with blood stasis 

(氣虛血瘀) (Kim et al., 2007). We focused on the treatment of 

blood stasis to treat postpartum obesity because a number of 

clinical doctors of TKM have used Gung-Gwi-Tang (GGT) to 

help induce the removal of lochia (惡露, vaginal discharge in 

the puerperium). GGT, a prescription of TKM, has been used to 

treat dizziness due to loss of blood (血暈) as well as static 
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blood after childbirth ( 後瘀血) (Huh, 1999). Indeed, Cnidii 

Rhizoma (Cnidium officinale Makino; Umbelliferae), a 

component of GGT, increased the regional cerebral blood flow 

in rats (Choi, 2004). Because GGT also has following effects 

such as activating blood (活血) and the removal of static blood 

(去瘀血) (Huh, 1999), we thus hypothesize that GGT would be 

effective for the treatment of postpartum obesity.  

In this study, we used a high-fat (HF) diet-induced obese 

mouse model. To create the same conditions as for a mother 

after childbirth, we used postpartum mice. Thus, we 

investigated the effect of GGT in a HF diet-induced obese 

model using postpartum mice.  

 

 

MATERIALS and METHODS 
 

Preparation of GGT  

GGT (voucher No 201053), which is a mixture of 2 traditional 

herbal drugs, was obtained from Noa Oriental Pharmacy (Seoul, 

Republic of Korea). A prescription of GGT consists of Cnidii 

Rhizoma (Cnidium officinale Makino; Umbelliferae) and 

Angelicae Gigantis Radix (Angelica gigas Nakai; Umbelliferae) 

in the ratio of 1:1. An extract of GGT was prepared by 

decocting the two dried herbal medicine with distilled water 

(DW). The extract was decocted for approximately 2 h, filtered, 

lyophilized, and kept at 4°C. The yield of GGT was about 5% 

(w/w). Dilutions were made in DW and filtered through a 

0.22-m syringe filter.  
 
Experimental design 
Female postpartum C57BL/6N mice were purchased from 

Daehan Biolink (Daejeon, Republic of Korea). The animals 

were all maintained in conditions in accordance with those 

recommended in the NIH Guide for the Care and Use of 

Laboratory Animals. The animals were maintained under a 12 h 

light/dark cycle at a constant temperature of 22 ± 3°C. Three 

groups of mice were fed with 1) a control (CON) diet 

(Research Diets, D12450B, 10% kcal% fat) + oral 

administration of DW (twice a week) or 2) a ‘very high-fat’ 

(HF) diet (Research Diets, D12492, 60% kcal% fat) + oral 

administration of DW (twice a week) or 3) a HF diet + oral 

administration of GGT (1 g/kg, twice a week). All animals were 

given free access to food and tap water for 8 weeks. Body 

weight was recorded every week. At the end of this period, the 

animals were fasted overnight. The next day, they were 

anesthetized with zoletile and rompun (1:2) and then blood 

samples were collected by cardiac puncture. The epididymal fat 

pads were immediately weighed. 
 
Plasma analysis  
Plasma was separated immediately after the collection of blood 

samples by centrifugation at 10,000 × g for 10 min. Plasma 

concentrations of total cholesterol were determined using 

automated enzymatic methods (Pitt et al., 1995), and 

low-density lipoprotein (LDL) cholesterol was calculated using 

the Friedewald formula (Friedewald et al., 1972). Plasma 

concentrations of triglyceride were measured enzymatically 

using a triglyceride assay kit (Asan Co. Seoul, Republic of 

Korea). Glutamate pyruvate transaminase (GPT) activity was 

determined with an ALT/GPT kit (Sigma-Aldrich, St Louis, 

MO, USA).  
 
Statistical analysis  

Results are expressed as the mean ± standard error of the mean 

(S.E.M.). The statistical evaluation of the results was performed 

by an independent t-test and all statistical analyses were 

performed using SPSS v11.0 statistical analysis software. The 

results are significant with a value of p < 0.05.  

 

Fig. 1. Effects of GGT on HF diet-induced increase of weight. (A) Effect of GGT on the weight of the mice for 8 weeks. (B) Amount of food intake 
every week. (C) Average daily food intake. (D) Feed gain ratio. The values are weight increase divided by food intake. (E) Comparison of food intake 

between postpartum mice and normal mice. (F) Epididymal fat weight. Each datum represents the mean  S.E.M. of three independent experiments. 
#p < 0.05; significantly different from the control (10% kcal% fat diet) value. *p < 0.05; significantly different from the HF (60% kcal% fat diet) 

value. 
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RESULTS 
 

Effects of GGT on HF diet-induced increase of weight  

The initial body weights of the mice, prior to feeding with 

CON or HF diet, did not significantly differ (Fig. 1A); however, 

there was a significant increase of body weight in the HF group 

compared with the CON group after 6 weeks (p < 0.05, Fig. 

1A). The average daily food intake of the HF group was 

significantly less than that of the CON group (Fig. 1C). On the 

other hand, weight increases in the GGT group were 

significantly less than those of the HF group (p < 0.05, Fig. 1A). 

At the end of the experimental period, the HF group gained 

4.30 ± 0.84 g of weight, whereas the GGT group gained only 

0.96 ± 0.35 g (Fig. 1A). The feed gain ratio was calculated by 

dividing the weight increase by food intake. As shown in Fig. 

1D, the feed gain ratio of the HF group was significantly 

increased, whereas the GGT group had a significantly 

decreased feed gain ratio (p < 0.05). In terms of food intake, a 

postpartum mouse has a tendency to eat more than normal 

(virgin) mouse (Fig. 1E). In addition, the weights of epididymal 

fat tissues in the HF group significantly increased more than 

those of the CON group (p < 0.05, Fig. 1F). However, the oral 

administration of GGT significantly inhibited the increase of 

epididymal fat tissues (p < 0.05, Fig. 1F).  

 

Effects of GGT on HF diet-induced increase of plasma lipid 

profiles 

HF feeding resulted in a significant increase in the plasma 

triglyceride, LDL-cholesterol, total cholesterol, and GPT levels 

in the mice (p < 0.05, Fig. 2). However, the oral administration 

of GGT inhibited the increase of plasma triglyceride in the 

mice fed HF diet (p < 0.05, Fig. 2A). In addition, GGT 

inhibited the increases of LDL-cholesterol and total cholesterol 

in the serum of mice fed HF diet (p < 0.05, Fig. 2B and C). 

Finally, the oral administration of GGT inhibited the increase of 

plasma GPT levels in the mice fed HF diet (p < 0.05, Fig. 2D). 

The inhibition rates of GGT on the plasma triglyceride, 

LDL-cholesterol, total cholesterol, and GPT levels were 77.94 

 2.55, 69.23  22.21, 73.91  8.37, and 39.29  10.31, 

respectively.  

 

DISCUSSION 
 

Regarding socioeconomic factors, researches are consistently 

reported that the level of socioeconomic status is inversely 

correlated with obesity in developed countries (Gustafsson et 

al., 2012). Low income women with less than a high school 

education have twice the obesity rates as women of higher 

socioeconomic status (Singh et al., 2010). Postpartum women 

having limited financial and social resources are potential risk 

groups for weight control and chronically high stress levels in 

later life. In this study, we show that GGT inhibit not only the 

increases of body weight and adipose tissues in the postpartum 

mice fed HF diet, but also the increases of plasma lipid profiles 

such as triglyceride, LDL-cholesterol, total cholesterol, and 

GPT. GGT is well-known as a Korean Medicine for the 

removal of static blood. These results indicate that GGT could 

help the increase of body weight after childbirth, especially in 

the lower income bracket.  

The obesity epidemic, including a marked increase in the 

prevalence of obesity among pregnant women, represents a 

critical public health problem throughout the world (Lau et al., 

2011). This maternal obesity in pregnancy is associated with a 

number of adverse outcomes for mother and her offspring both 

perinatally and later in life (Van Lieshout et al., 2011). Lee et al. 

(2010) reported that on average, body weight increased 26.54% 

(13.95 kg) from pre-pregnancy to 36 - 39 weeks of pregnancy 

and body weight remained 6.26% (3.29 kg) higher at 24 - 25 

weeks postpartum compared with pre-pregnancy. In traditional 

Korean medical clinics, many clinical doctors prescribe GGT 

for mother to get rid of lochia. With the removal of the lochia, 

most mothers would recover their health. However, if the 

lochia was not removed after childbirth, many postpartum 

disorders, such as postpartum obesity and postpartum 

depression, would occur. Therefore, we hypothesize that static 

blood is the main cause of postpartum obesity.  

It has been reported that HF diet induces significant 

increase of body weight (Ng et al., 2010). Our results also 

showed that HF diet induced a significant increase of body 

weight in postpartum mice (Fig. 1A). Even though the average 

daily food intake of the HF group was less than that of the 

CON group, the increase of body weight in the HF group was 

larger than that of the CON group, showing the efficacy of the 

HF diet. In our results, GGT significantly inhibited the increase 

of body weight and feed gain ratio; thus we can presume that 

GGT would be effective in the recovery of body weight for a 

mother.  

It has been reported that the intake of mothers was more 

than normal (Whichelow, 1975). Bermudez et al. (1989) also 

reported that daily intake was increased after parturition in 

sheep. Although it is not significant, our results also showed 

that the food intake of the postpartum mouse was larger than 

that of the normal mouse (Fig. 1E). Thus, we can assume that 

eating habits would continue after parturition.  

Ng et al. (2010) also reported that a HF diet induces a 

significant increase in fat content. Consistent with the previous 

report, our results also showed that a HF diet induced a 

significant increase in epididymal fat tissues (Fig. 1F). The oral 

administration of GGT inhibited this increase and this result 

indicates that GGT has a weight-lowering effect especially in 

the weight of fat tissues.  

Obesity is described as an excess amount of body fat and is 

also associated with several risk factors of lipid metabolic 

syndrome such as elevated triglyceride concentrations and high 

LDL-cholesterol levels (Brown et al., 2009). We showed that 

GGT inhibited the elevations of triglyceride and 

LDL-cholesterol as well as total cholesterol in the serum of 

mice fed a HF diet (Fig. 2A-C). The plasma enzyme GPT is a 

 
Fig. 2. Effects of GGT on HF diet-induced increase of plasma lipid 
profiles. Plasma concentrations of (A) triglyceride (B) LDL-cholesterol 

(C) total-cholesterol (D) GPT. Each datum represents the mean  

S.E.M. of three independent experiments. #p < 0.05; significantly 
different from the control (10% kcal% fat diet) value. *p < 0.05; 

significantly different from the HF (60% kcal% fat diet) value. 
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specific marker of liver damage (Ozaki et al., 1995). The 

reduced activity of this enzyme by GGT indicates decreased 

hepatic oxidative stress under a HF diet condition. Therefore, 

we can deduce that GGT would improve the lipid metabolic 

syndrome through the regulation of plasma lipid profiles 

without liver damage.  

In conclusion, we have shown that GGT can inhibit the 

increases of body weight and adipose tissues in the postpartum 

mice fed HF diet. GGT inhibited the elevations of plasma lipid 

profiles such as triglyceride, LDL-cholesterol, total cholesterol, 

and GPT. Overall, these results provide proof that GGT can 

inhibit the postpartum obesity and open new perspective to 

recover the shape of mother into the moment of conception. 
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