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Chinese herbal decoction (Danggui Buxue Tang) supplementation augments
physical performance and facilitates physiological adaptations in swimming rats
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ABSTRACT
Context: Danggui Buxue Tang (DBT), one of the popular Danggui (DG) decoctions, has traditionally been
used to nourish ‘qi’ (vital energy) and enrich ‘blood’ (body circulation). DBT may possess performance-
enhancing effects.
Objective: This work determines whether DBT can improve physical capacity and alter energy expend-
iture under exercise training.
Materials and methods: Forty male Wistar rats were assigned to four groups: sedentary (SE), exercise
training (ET), ET supplemented with 0.3 g/kg rat/d DG extract, and ET supplemented with 1.8 g/kg rat/d
DBT extract. The supplementations were administered via oral gavage. During the 21-day treatment
period, the exercised groups were subjected to a protocol of swimming training with a gradually
increased load. Physical performance evaluation was assessed using the forelimb grip strength test and
an exhaustive swimming test. Muscle glycogen contents and exercise-related biochemical parameters
were analysed.
Results: Both herbal supplementations remarkably increased the grip strength (DG by 49.7% and DBT by
85.7%) and prolonged the swimming time (DG by 48.4% and DBT by 72.7%) compared with SE. DBT
spared a certain amount of glycogen in the muscle cells under exercise training. Regarding the regulation
of fuel usage, DBT had a positive impact alongside ET on promoting aerobic glycolysis via significantly
decreasing serum lactate by 31.6% and lactic dehydrogenase levels by 61.8%.
Conclusions: This study found that DBT could be considered a promising sports ergogenic aid for athletic
population or fitness enthusiasts. Future work focussing on isolating the bioactive components that truly
provide the ergogenic effects would be of interest.
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Introduction

In the sports field, scientists have been fascinated with the inves-
tigation of the benefits and safety of medicinal herbal products
and supplements for enhancing performance or relieving pain.
Several herbs have been well studied, and their efficacy has been
acknowledged by scientific evidence. For instance, ginseng has a
positive effect on stress adaptation and has been found to
increase exercise duration until exhaustion (Chen et al. 2012).
Ephedra and guarana stimulate the sympathetic nervous system,
thereby increasing mental vigilance and fatigue resistance
(Sellami et al. 2018).

Recent studies have also highlighted the potential perform-
ance-enhancing effect of one herb commonly used in Chinese
cuisine, Danggui (DG; Radix Angelica sinensis (Oliv.) Diels,
[Umbelliferae]) (Yeh et al. 2014; Chang et al. 2016). In trad-
itional Chinese medicine theory, few are used as a single ingredi-
ent. Despite the controversy, herbal formulations (multi-
ingredients) are generally believed to produce synergic effects
and reduce adverse effects (Zhou et al. 2016). One of the most
popular DG formulae is Danggui Buxue Tang (DBT). According

to the Taiwan Herbal Pharmacopoeia, the traditional formula
of DBT is composed of DG and Huangqi [HQ; Radix Astragalus
membranaceus (Fisch.) Bge. var. mongholicus (Bge.) Hsiao
(Leguminosae)] at a ratio of 1:5 (Committee on Chinese
Medicine and Pharmacy 2016). Nevertheless, Radix Hedysarum
polybotrys Hand.-Mazz. (Leguminosae) is usually used as a sub-
stitute for Radix Astragali in the Taiwanese clinic and market
due to its similar function and extraordinary taste and flavour
(Lu et al. 2009).

There are several major mechanisms involved in the effects of
supplements or drugs that may augment physical performance.
Boosting anabolism can result in increased muscle mass and
muscular strength (Willoughby et al. 2007); stimulating activity
of the central nervous system can elevate heart rate and blood
pressure and reduce tiredness and fatigue (Avois et al. 2006);
regulating fuel metabolism can improve exercise capacity and
prolong duration until exhaustion (Ormsbee et al. 2014).
Although both animal and human studies have highlighted a
dramatic improvement in performance after DBT supplementa-
tion (Liu et al. 2011; Chang et al. 2018), its action in terms of
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biochemical regulation is not yet well understood. According to
a recent metabolomics research (Miao et al. 2018), five major
metabolic pathways were involved in DBT supplementation on
fatigued mice: (1) phenylalanine, tyrosine and tryptophan metab-
olism, (2) glycine, serine, and threonine metabolism, (3) glyoxy-
late and dicarboxylate metabolism, (4) pyruvate metabolism, and
(5) the Krebs cycle. Consequently, we deduce that DBT more
likely alters the energy expenditure during exercise.

Fatigue and impaired muscle function during exercise are
commonly linked to muscle glycogen depletion and lactate pro-
duction (Ortenblad et al. 2013). However, lactate is no longer
considered a waste product of anaerobic glycolysis, and in fact, it
is an energy source that triggers adaptations in response to high-
intensity exercise (Nalbandian and Takeda 2016). Endurance
training could benefit the metabolic adaptations by adjusting fuel
selection and improving energy expenditure, further resulting in
a reduction of lactate (Favier et al. 1986). Rather than depending
solely on anaerobic glycolysis during exercise, mitochondrial res-
piration is the preferred system that functions to replenish ATP.
Hence, fuel can be obtained from different sources (fatty acids
and carbohydrates) within and outside the muscle (Baker
et al. 2010).

This work attempts to understand the effects of DBT supple-
mentation on physical performance and exercise-related bio-
chemical parameters, as well as to monitor its safety in
swimming-trained rats. We also investigated whether supplemen-
tation with the combined herbal formula DBT was more effica-
cious than DG alone when each was combined with exercise
training.

Materials and methods

Preparation of herbal extracts

Crude slices of herbal material were purchased from a local
Chinese medicinal herbs store in Kaohsiung in November 2017.
Authentication of the herbs was performed by Mr. Chang-Ming
Cheng from Brion Research Institute of Taiwan (New Taipei
City, Taiwan) under microscopic observation with the reference
criteria (Chinese Pharmacopoeia Commission 2015; Committee
on Chinese Medicine and Pharmacy 2016). The herbs (Figure 1)
were authenticated as the dried root of Angelica sinensis and
Hedysarum polybotrys, respectively. This particular batch of
herbal materials used in this study has not be deposited in a
publicly available herbarium.

To prepare the herbal extract, the crude materials (600 g
Radix Angelica sinensis for the DG extract; 600 g Radix Angelica
sinensis and 3000 g Radix Hedysarum for the DBT extract) were

first extracted with 95% ethanol for 15 h at a solid-to-liquid ratio
of 1:4. The first portion of ethanolic extract was removed and
collected. The residue material then underwent the second
extraction with boiling water for 3 h at the same solid-to-liquid
ratio, and the second portion of the extract was collected. The
two portions were combined and concentrated through rotary
evaporation at 45 �C. The yield of the final extract was approxi-
mately 30%.

Phytochemical analysis of herbal extracts

Total polysaccharides, ferulic acid, ligustilide, and n-butylide-
nephthalide content in the DG and DBT extracts were quantita-
tively analysed using spectrophotometric and chromatographic
methods as previously described (Chang et al. 2018).

Animals

The animal study protocol was reviewed and approved by the
Institutional Animal Care and Use Committee of Kaohsiung
Medical University (Kaohsiung, Taiwan; approval number:
105233). Five-week-old male Wistar rats were purchased from
Biolasco (Taipei, Taiwan) and kept in regularly cleaned plastic
cages, with a maximum of 4 animals per cage. Food (LabDiet
5001 rodent diet, St. Louis, MO, USA) and pure water were pro-
vided ad libitum.

Study design

After a 1-week acclimation period, 40 animals were randomly
assigned to four groups: sedentary (SE; n¼ 10), exercise training
(ET; n¼ 10), ET supplemented with 0.3 g/kg rat/d DG extract
(ETþDG; n¼ 10), and ET supplemented with 1.8 g/kg rat/d
DBT extract (ETþDBT; n¼ 10). The herbal extract solutions
were prepared with pure water at concentrations of 0.03 and
0.18 g/mL for DG and DBT, respectively. A volume based on
their individual body weight (10mL/kg rat/d) of the herbal solu-
tion or pure water (for SE and ET) was fed daily through oral
gavage for a period of 21 days. Body weight was recorded semi-
weekly, and food intake was recorded weekly. The experimental
design is shown in Figure 2.

The exercised groups were subjected to a protocol of swim-
ming training in a transparent water container measuring 30 cm
in depth measuring at 24 ± 2 �C. They performed 30min of
swimming 4 d/wk over the same period of supplementation
(21 days) with an additional load that increased each week (0, 2,
4% body weight). The loading was carried out via fastening a

Figure 1. Crude slices of (a) Angelica sinensis and (b) Hedysarum polybotrys.
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soft strap with metal nuts around the chest of rats. After each
session, animals were towel-dried and returned to their cages.

Physical performance tests

The physical performance tests, consisting of the forelimb grip
strength test and exhaustive swimming test as previously
described (Chang et al. 2016), were performed 72 h before sacri-
fice. Briefly, the maximal forelimb grip strength for each animal
was first tested in triplicate using a grip strength metre (BIO-
GS3, Bioseb, France). Then, the mean value was calculated and
recorded. In the exhaustive swimming test, the rats were loaded
with 10% of their body weight and the other parameters were set
as the same as swimming training. The rats in SE were allowed
to familiarise and reduce stress against water by swimming a
short period of time without any loading days prior to the
exhaustive swimming test. The swimming duration until exhaus-
tion was recorded.

Blood and tissue sampling

At the end of the study, animals were sacrificed between 9 and
12 noon under fed condition. Rats were anaesthetized with 5%
isoflurane and euthanized by exsanguination. Blood specimens
were collected from the abdominal aortas and separated into
EDTA tubes and serum-separating tubes to obtain whole blood
and serum, respectively. Tissue, including liver, kidney, lung,
heart, and calf muscle samples, was also collected and fixed for
histological evaluation in 10% neutral buffered formalin.

Biochemical assays

Biochemical analyses were performed in accordance with the
manufacturers’ instructions. The levels of complete blood count
were assayed on a Sysmex XN-1000 Haematology Analyser
(Kobe, Hyogo, Japan). Serum aspartate aminotransferase (AST),
alanine aminotransferase (ALT), blood urea nitrogen (BUN), cre-
atinine, uric acid, lactic dehydrogenase (LDH), ammonia, and
creatine phosphokinase (CPK) levels were assayed on a Beckman
Coulter UniCel DxC 800 (Brea, CA, USA). Serum lactate levels
were measured using Roche Cobas c 501 (Mannheim, Germany).
Muscle glycogen contents were measured using the Glycogen
Colorimetric Assay Kit II (BioVision, Milpitas, CA, USA).

Histological staining

The staining methods were performed as previously described
(Chang et al. 2016). Sections of muscle tissue were stained with
periodic acid solution and Schiff’s reagent (PAS) to detect the
presence of glycogen. Sections of heart, lung, liver, kidney, and
muscle tissues were stained with haematoxylin and eosin to
observe the histology.

Statistical analysis

SPSS 22.0 (International Business Machines Corporation,
Armonk, NY, USA) was used for statistical analyses. Data are
expressed as the mean ± standard error of the mean (SEM). One-
way ANOVA was performed with Tukey’s posttest to compare
the parameters between groups. A p value < 0.05 was considered
statistically significant.

Results

Phytochemical analysis of herbal extracts

The bioactive components were identified and confirmed as
total polysaccharides (107.8 and 184.1mg/g for DG and DBT,
respectively), ferulic acid (0.14 and 0.03mg/g for DG and DBT),
ligustilide (0.83 and 0.22mg/g for DG and DBT), and n-butylide-
nephthalide (3.85 and 0.52mg/g for DG and DBT). Therefore,
the daily administration of total polysaccharides was 32.3mg/kg
for the ETþDG group and 331.4mg/kg for the ETþDBT
group.

Herbal extract supplementation on physical performance

Two similar trends (Figure 3(a,b)) in terms of performance
improvement were observed in both the forelimb grip strength
results (representing muscular strength) and exhaustive swim-
ming time results (representing endurance capacity). As compar-
ing ET with SE, the 21-day training programme was not able to
bring a striking improvement in muscular strength or endurance
capacity. However, we observed a slight increase in grip strength
(27.9%) and a prolongation in swimming time (23.2%) in the
non-supplemented exercise animals.

DG supplementation remarkably increased the grip strength
by 49.7% (p< 0.001) and the swimming time by 48.4% (p< 0.05)

Figure 2. Experimental design of the study.
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compared with SE. Furthermore, DBT supplementation produced
dramatic improvements in grip strength by 85.7% (p< 0.001)
and swimming time by 72.7% (p< 0.001) compared with SE. In
particular, the grip strength in DBT-treated rats was significantly
better than the rats treated with DG alone (p< 0.05).

Herbal extract supplementation on muscle glycogen
contents

Glycogen storage in muscle was quantitatively analysed and fur-
ther confirmed by PAS staining; glycogen is presented in
magenta (Figure 3(c,d)). In the ET group, the glycogen contents
were 12.4% lower than in the SE group (without training). While
DG supplementation did not affect glycogen levels much, DBT
significantly improved glycogen storage (p< 0.05) and preserved
a certain amount of glycogen in the muscle cells compared with
the ET group.

Herbal extract supplementation on lactate and lactic
dehydrogenase levels

As shown in Figure 4, the lactate levels were slightly reduced by
9.9% and 14.2% in the ET and ETþDG groups (p> 0.05)

compared with the SE group; nonetheless, a significant reduction
of 31.6% was observed in the ETþDBT group (p< 0.05). LDH
activities were found to be suppressed after ET (by 18.3%) and
ETþDG (by 45.8%) treatment, but the results were not signifi-
cant (p> 0.05). Notably, ETþDBT treatment led to a substantial
reduction of 61.8% (p< 0.05).

Herbal extract supplementation on other exercise-related
parameters

Levels of malondialdehyde (MDA), ammonia, and creatine phos-
phokinase, which are parameters commonly used for examining
exercise-induced damage or fatigue, are shown in Figure 4.
MDA levels, a marker for oxidative stress, did not differ between
the SE, ET, and ETþDG groups. However, lower amounts of
MDA were found in the ETþDBT group (p< 0.01) compared
with the SE group. Although decreases in ammonia concentra-
tions were observed in the ET group (by 17.4%), ETþDG group
(by 24.7%), and ETþDBT group (by 31.0%), relative to the SE
group, no significant difference appeared between each of them.
CPK levels were also decreased in the ET group (19.4%),
ETþDG group (40.6%), and ETþDBT group (48.1%), com-
pared with the SE group; however, only ETþDBT treatment
resulted in a significant effect (p< 0.05).

Figure 3. Effects of exercise training and herbal extract supplementation on (a) forelimb grip strength, (b) exhaustive swimming time, (c) muscle glycogen content,
and (d) histology of muscle tissues (PAS staining of glycogen, presented in magenta). Values are presented as mean± SEM for n¼ 10 rats. Columns with different let-
ters (a, b, c) are significantly different at p< 0.05.
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Short-term safety evaluation of herbal extract
supplementation

No differences were found in the body weights and food intake
throughout the study period, as well as the heart, lung, liver,
kidney, muscle tissue weights (Table 1). The complete blood
count analysis (Table 2) and markers for liver function (i.e.,
aspartate aminotransferase and alanine aminotransferase) and
kidney function (i.e., blood urea nitrogen, creatinine, and uric
acid) (Table 3) did not differ between groups. In the histo-
logical staining shown in Figure 5, we did not observe any
hypertrophy or hyperplasia in heart cardiomyocytes. Lung tissue
displayed normal bronchiole and alveoli. Liver tissue exhibited
the normal structure of the hepatic cords and vascular sinus-
oids. Kidney tissue showed the normal arrangement of renal
glomerulus and tubules. The appearance of the rhabdomyocytes
in muscle tissue did not differ among treatments. Taken
together, the results indicated that short-term swimming train-
ing, DG extract, and DBT extract would not cause any foresee-
able toxicity.

Discussion

The doses and phytochemical components of DG and DBT

Out of more than 80 traditional Chinese formulae containing DG,
DBT is one of the simplest formulae that is composed of DG and
HQ in the ratio of 1:5. The majority in terms of the composition
of DBT is taken by HQ rather than DG. In the theory of trad-
itional Chinese Medicine (TCM), an herbal decoction may consist
up to four elements, namely Jun (king or master), Chen (minis-
ter), Zuo (assistant), and Shi (servant), which work harmoniously
together in order to achieve the optimum therapeutic purposes.
In DBT, HQ can nourish one’s ‘Qi’ while DG can replenish one’s
‘Blood’. HQ is considered as a Jun whereas DG acts as a Chen
(Dong et al. 2006). According to (Zhang et al. 2012) ‘Qi’ and
‘Blood’ are inextricable in the TCM theory. The ‘Blood’ consti-
tutes the whole liquid part of the body energy (body fluids). The
‘Qi’ is imaginary energy and can be refined as nutritious substan-
ces that support vital life activities. The ‘Blood’ cannot be self-
generated and which requires the stimulation by the ‘Qi’.

Figure 4. Effects of exercise training and herbal extract supplementation on serum (a) lactate (b) LDH, (c) MDA, (d) ammonia, and (e) CPK. Values are presented as
mean± SEM for n¼ 10 rats. Columns with different letters (a, b, c) are significantly different at p< 0.05.
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A previous study (Song et al. 2004) unveiled an interesting
synergic effect of DG and HQ under decoction. The constituents
ferulic acid and ligustilide from DG can be oxidised and
degraded due to heat. However, the combination of DG and HQ
ameliorated their oxidisation process during boiling thereby pro-
duced a higher yield compared to DG alone. Having a cocktail
of various chemicals in the DBT decoction not only improved
the stability but also the extraction recovery of the active constit-
uents. Based on the above, it might explain the reason for the
ancient belief, at least in part, that herbs tend to be given in a
formulation to obtain the maximal pharmacological activity.

According to the Taiwan Herbal Pharmacopoeia (Committee
on Chinese Medicine and Pharmacy 2016), the recommendation
of daily intake for crude DG is 5–15 g. Considering the yield of

the extract is 30% of crude DG, the dose of DG extract should
be within 25-75mg/kg human/d for a 60 kg human being. In the
current study, we chose the oral dose of 300mg/kg rat/d that has
been shown to be pharmacological effective in rats (Circosta
et al. 2006; Zhang et al. 2010; Chang et al. 2016). Under the dose
conversion between rat and human (Nair and Jacob 2016),
300mg/kg rat/d is equivalent to 48.4mg/kg human/d which the
dose is within the recommended range for traditional use. DBT
consists one portion of DG and five portions of HQ. As a conse-
quence, 1800mg/kg rat/d of DBT extract was given to rats.

Ferulic acid, ligustilide, and n-butylidenephthalide are cur-
rently listed as quality control markers for DG (Chinese
Pharmacopoeia Commission 2015; Committee on Chinese
Medicine and Pharmacy 2016). One study found that administer-
ing ferulic acid was able to stimulate endurance exercise capacity
and increase the activity of hepatic antioxidant enzymes (e.g.,
superoxide dismutase, catalase, and glutathione-S-transferase) in
mice (You et al. 2009). Notwithstanding this, recent studies fur-
ther showed that the water-soluble portion, polysaccharides, has
been regarded as the crucial modifiers for biological response
(Sun et al. 2005; Zhao et al. 2016). Polysaccharides from many
herbs, for instance, Millettiae speciosae Champ. (Leguminosae)
(Zhao et al. 2015), Dendrobium officinale Kimura et Migo
(Orchidaceae) (Wei et al. 2017), okra (Abelmoschus esculentus
(L.) Moench, Malvaceae) (Xia et al. 2015), and maca (Lepidium
meyenii Walp., Brassicaceae) (Li et al. 2018), have been revealed
as the excellent choices to tackle fatigue in rodent swimming
models. PhytoHealth PG2VR , the injectable polysaccharides iso-
lated from HQ, is launched by 2012 and approved for treating
fatigue in the patients with cancer. The Phase IV study has dem-
onstrated that HQ polysaccharides is particularly effective
towards the alleviation of fatigue in more than 60% treated can-
cer patients (Wang et al. 2019).

In our study, we observed that the content per unit of total
polysaccharides in DBT (184.1mg/g) was higher than that in DG
(107.8mg/g). This result may indicate that richer polysaccharides
present in HQ than in DG, and further relate to the superior
beneficial effects observed in DBT-treated rats.

DBT acting on physical performance, muscle glycogen and
glycolysis

Our results showed that the 21-day training programme (without
supplementation) was not able to bring a striking improvement in
muscular strength or endurance capacity. Such findings were in
accordance with some previous studies. Wei et al. (2019) imple-
mented a 42-day swimming programme with additional loading
of 3–35% bodyweight, the performance in forelimb grip strength
and exhaustive time did not differ between the sedentary and the
exercised mice. Yuan et al. (2019) revealed a slight prolong in
mice exhaustive swimming time after a swimming training of
20min/d for 28 days; unfortunately, the improvement was insig-
nificant. Conversely, a study (Venditti and Di Meo 1996) revealed
that the endurance time was significantly longer in the trained
rats (450 ± 35min) than in the untrained rats (294 ± 32min). The
effective training comprised a 10-week swimming programme for
up to 90min for 5 d/week. Based on above, we might come to a
conclusion of insufficient length and intensity of our swimming
programme that is unable to alter the exercise capacity.

However, the herbal extract supplementation has led to an
enhancement of the exercise capacity. The effects of DG, HQ,
and DBT acting on physical performance have been published
elsewhere. Yeh et al. (2014) gave DG powdered product to mice

Table 1. Effects of exercise training and herbal extract supplementation on
body weight, food intake, and tissue weight.

SE ET ETþDG ETþDBT

Initial body weight (g) 222.3 ± 3.5 223.5 ± 2.3 223 ± 2.6 221.6 ± 2.4
Day-3 body weight (g) 241.0 ± 4.3 242.3 ± 2.2 239.6 ± 3.5 241.1 ± 3.3
Day-7 body weight (g) 279.2 ± 5.9 275.5 ± 2.5 276.2 ± 4.1 275.8 ± 3.5
Day-10 body weight (g) 289.6 ± 6.4 286.5 ± 3.2 283.6 ± 4.5 286.7 ± 3.5
Day-14 body weight (g) 327.2 ± 8.0 315.0 ± 5.1 317.4 ± 5.5 319.8 ± 3.8
Day-17 body weight (g) 340.7 ± 9.5 338.9 ± 3.2 341.0 ± 7.1 338.1 ± 3.3
Final body weight (g) 358.6 ± 10.0 358.2 ± 4.5 357.1 ± 7.3 356.1 ± 4.1
Week-1 food intake (g/d/rat) 24.33 ± 0.54 24.71 ± 0.16 24.98 ± 0.06 24.76 ± 0.54
Week-2 food intake (g/d/rat) 26.39 ± 0.67 25.14 ± 0.06 25.93 ± 0.06 25.08 ± 0.39
Week-3 food intake (g/d/rat) 26.17 ± 0.85 26.86 ± 0.43 27.39 ± 0.15 26.47 ± 0.69
Liver (g) 10.45 ± 0.32 10.45 ± 0.29 10.25 ± 0.34 10.47 ± 0.25
Kidney (g) 2.47 ± 0.05 2.54 ± 0.08 2.46 ± 0.05 2.56 ± 0.06
Lung (g) 1.43 ± 0.05 1.46 ± 0.03 1.57 ± 0.06 1.42 ± 0.02
Heart (g) 1.36 ± 0.06 1.36 ± 0.05 1.43 ± 0.04 1.43 ± 0.04
Muscle (g) 4.71 ± 0.17 4.82 ± 0.10 4.70 ± 0.09 4.54 ± 0.08

Values are presented as mean ± SEM for n¼ 10 rats. All data were not signifi-
cant different between groups analysed by one-way ANOVA with Tukey’s postt-
est (p> 0.05).

Table 2. Effects of exercise training and herbal extract supplementation on
complete blood count analysis.

SE ET ETþDG ETþDBT

WBC (cells/mm3) 3706 ± 694 3774 ± 415 3695 ± 330 4627 ± 514
Neutrophils (%) 14.9 ± 1.1 17.4 ± 0.9 17.4 ± 1.7 14.7 ± 1.3
Lymphocytes (%) 80.5 ± 1.1 77.7 ± 0.89 77.2 ± 2.1 80.3 ± 5.0
Monocytes (%) 2.35 ± 0.37 2.32 ± 0.42 2.76 ± 0.59 2.78 ± 0.58
Eosinophils (%) 2.23 ± 0.24 2.57 ± 0.25 2.40 ± 0.22 2.12 ± 0.21
Basophils (%) 0.04 ± 0.04 0.11 ± 0.0 0.24 ± 0.08 0.15 ± 0.05
RBC (�106/mm3) 6.70 ± 0.65 7.80 ± 0.33 8.10 ± 1.11 8.29 ± 0.52
Haemoglobin (g/mL) 13.1 ± 1.2 15.4 ± 0.8 15.8 ± 2.2 16.4 ± 1.0
Haematocrit (%) 41.1 ± 4.0 48.4 ± 2.2 49.0 ± 6.7 50.9 ± 3.3
MCV (fL) 61.2 ± 0.6 62.0 ± 0.6 60.5 ± 0.4 61.4 ± 0.5
MCH (pg) 19.6 ± 0.2 19.7 ± 0.2 19.5 ± 0.1 19.8 ± 0.2
MCHC (%) 32.1 ± 0.3 31.8 ± 0.2 32.3 ± 0.1 32.3 ± 0.2
Platelet (�103/mm3) 838.1 ± 113.0 834.2 ± 70.3 895.5 ± 126.7 943.0 ± 60.6

Values are presented as mean ± SEM for n¼ 10 rats. All data were not signifi-
cant different between groups analysed by one-way ANOVA with Tukey’s postt-
est (p> 0.05).

Table 3. Effects of exercise training and herbal extract supplementation on
serum markers of liver function and kidney function.

SE ET ETþDG ETþDBT

AST (U/L) 78.5 ± 3.1 78.7 ± 4.0 79.7 ± 2.2 73.6 ± 3.3
ALT (U/L) 30.9 ± 1.3 29.5 ± 1.7 29.0 ± 1.3 29.0 ± 1.4
BUN (mg/dL) 13.6 ± 0.4 15.1 ± 1.2 14.0 ± 0.3 13.1 ± 0.4
Creatinine (mg/dL) 0.32 ± 0.02 0.33 ± 0.02 0.31 ± 0.02 0.28 ± 0.01
Uric acid (mg/dL) 1.48 ± 0.20 1.15 ± 0.09 1.16 ± 0.08 0.98 ± 0.13

Values are presented as mean ± SEM for n¼ 10 rats. All data were not signifi-
cant different between groups analysed by one-way ANOVA with Tukey’s postt-
est (p> 0.05).
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for six weeks, the weight-loaded swimming time was increased
up by 81%. Similar results could also be seen in the study
administering DG ethanol extract (Chang et al. 2016). The rat
swimming time was increased by 95.6% after four-week treat-
ment. Hu and Hou (2003) found that a 7-day HQ water extract
administration prolonged the running time by 31% in mice car-
diac hypertrophy model. Kuo et al. (2009) evidenced that a 6-
week treatment of HQ flavonoids could also reverse the chronic
fatigue syndrome via improving endurance capacity in rats.
Hence, it is not surprising that DBT decoction, combining DG
and HQ, has remarkable therapeutic effects on antifatigue (Liu
et al. 2011; Miao et al. 2018). The investigation of the underlying
mechanism is currently of great interest in both ethnopharmacol-
ogy and sports nutrition field.

High carbohydrate availability is usually recommended to
prolong exercise activities. To generate energy for exercise, glu-
cose and glycogen are converted to pyruvate. One fate of pyru-
vate is converted to lactate, which results in two molecules of
ATP per glucose molecule (anaerobic glycolysis). Lactic dehydro-
genase (LDH) acts as the enzyme catalysing the conversion
between lactate to pyruvate and back. Anaerobic glycolysis can
barely sustain continued muscle activity for a long time.
However, with an increase of oxygen uptake, glucose molecules
can generate many times more ATP via the Krebs cycle within
the mitochondria (aerobic glycolysis). Aerobic metabolism is
thus a preferred process for supplying the primary fuel required
by contracting muscles (Mul et al. 2015).

One study revealed that HQ polysaccharide was able to
improve the energy metabolism in the rats treated with a high-
fat and low-protein diet plus exhaustive swimming programme
(Wang et al. 2018). Citric acid, an important intermediate of the
Krebs cycle, reflects the condition of energy supply from glyco-
metabolism, and lipid and amino acid metabolism. After HQ
polysaccharide treatment, serum citric acid was gradually

restored and the lactic acid level was reduced compared to the
model group.

Another study investigated the effects of DBT in fatigued
mice by means of a metabolomics approach (Miao et al. 2018).
Pyruvate and lactate involving in the glycolytic pathway were
downregulated and citric acid involving in the Krebs cycle was
upregulated after the DBT treatment. This suggested that DBT
could enhance mitochondrial function and ATP generation by
affecting the node metabolites and further changing the metabol-
ism pathway networks.

In our study, we administered DBT extract (combined water
and ethanolic extract) to the swimming training rats. Twenty-
one-day DBT treatment resulted in a substantial augmentation in
terms of physical performance. By viewing the preservation of
muscle glycogen and the reduction of serum lactate and LDH
levels, we confirmed that DBT increased the physiological adap-
tations in response to exercise by altering energy expenditure.
DBT supplementation allowed the body to cover the energy
demand during exercise as well as improved its capacity for sus-
taining a high-rate of aerobic glycolysis.

Conclusions

This study found that DBT, one of the most popular Chinese
herbal formulae, is a promising sports ergogenic aid. Under a
regular swimming training programme, DBT remarkably
increased forelimb grip strength and prolonged exhaustive swim-
ming time in rats. The abundant content of polysaccharides in
DBT might contribute to the promotion of sparing muscle glyco-
gen. DBT-triggered metabolic adaptations to energy expenditure
for sustaining aerobic glycolysis during exercise via reducing
LDH and lactate levels. Moreover, alongside its potential antioxi-
dant and antifatigue properties, short-term DBT supplementation
resulted in a remarkable increase in exercise capacity without

Figure 5. Effects of exercise training and herbal extract supplementation on the histology of heart, lung, liver, kidney, and muscle tissue (H&E staining).
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foreseeable safety concerns. Overall, DBT resulted in a better
ergogenic effect than using DG alone.
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