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Abstract
Background and Objective: The low capacity of body in the absorption of ginsenosides presents an important question as how to
effectively improve absorption, which remains a subject of broad and current interest among  researchers.  This  study  aimed to
investigate the effects of compound amino acids and ginsenosides on  the  visceral  organ  index  and blood lipid profile and to assess
the absorption rate of ginsenosides  and  amino  acids.  Materials  and  Methods:  Male ICR mice were randomly assigned to 7 groups
(12 mice/group): Group  I  (saline  control), Group II (ginseng), Group III (composite ginsenosides), Group IV (compound amino acids),
Group V (amino acids and ginsenosides, high dose), Group VI (amino acids and ginsenosides, middle dose) and Group VII (amino acids
and ginsenosides, low dose) who were treated with the corresponding drugs by gavage for 4 weeks. Weight, visceral index, blood lipid
profiles and absorption rates of the mice were then analysed and compared using one-way ANOVA. Results: The middle dose of
compound amino acids and ginsenosides increased the body weight of the mice without influencing the liver, lung, kidney, testis, spleen
or thymus indexes (p>0.05). Compound amino acids and ginsenosides reduced blood lipid levels, including CHO, TG, HDL-C and LDL-C.
HPLC and amino acid analyses revealed that compound amino acids could significantly improve p<0.05 the absorption rate of
ginsenosides in mice (p<0.05), especially in the middle-dose group. Conclusion: Supplemental compound amino acids may be helpful
for ginsenoside uptake by visceral organs. In addition, the beneficial effects of ginsenosides include body weight increase and blood lipid
reduction.
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INTRODUCTION

Panax ginseng C. A. Mey, belonging to the Araliaceae
family, is a perennial herb native to China, East Asia and
Southeast Asia and has been employed  as  a herbal remedy
for thousands of years1. Ginseng exhibits multiple
pharmacological effects, including anti-fatigue, anti-cancer,
cardio-protective, immunomodulatory and anti-oxidant
properties2-4. A number of ginsenosides, such as triterpene
saponins, exist in ginseng and an abundance of saponins are
present in the roots5. These ginsenosides play a key role in the
pharmacological activity of ginseng6,7. The pharmacokinetic
properties of ginsenosides have been reported in multiple
studies8-13, however, how to effectively improve the absorption
rate of ginsenosides in vivo still presents a challenging
problem.

Amino acids, as a class of small molecules, possess
properties that promote the absorption of some compounds
into the human body, particularly those that have poor
absorption when taken alone14. Several previous studies have
shown that amino acids can serve as ligands for the uptake of
metal ions and can be employed for the formation of specific
chemical groups15-17. To date, no study has succeeded in
evaluating the effects of amino acids on the absorption of
ginsenosides.

In the present study, ICR mice were used to assess the
effects of ginsenosides and compound amino acids in  vivo.
High-performance liquid chromatography (HPLC) and an
automatic amino acid analyser were used to analyse the
absorption of ginsenosides and amino acids in these mice.

MATERIALS AND METHODS

The     study    was    carried    out   from   18   June,  2016-
27 December, 2016.

Reagents and chemicals: Ginsenosides, including Rg1, Re,
Rg2, Rb1, Rc, Rb2 and Rd with purity >98% were purchased
from Jilin University (Jilin, China). Amino acids including
histidine, isoleucine, lysine, methionine, tyrosine,
phenylalanine, threonine, valine, alanine, arginine, aspartic
acid, glycine, glutamic acid, proline and serine were purchased
from Sigma-Aldrich (Germany). Biochemical analysis kits for
liver glycogen, muscle glycogen, blood lactic acid (LD) and
blood urea nitrogen (BUN) were purchased from Nanjing
Jiancheng Bioengineering Institute (Nanjing, China). Blood
lipid  profile  kits  for  carbohydrate  (CHO),   triglyceride18,

high-density lipoprotein cholesterol (HDL-C) and low-density
lipoprotein cholesterol (LDL-C) were purchased from Beijing
Chemical Industry Group Co., Ltd. (Beijing, China). Purified
water was purchased from Hangzhou Wahaha Company
(Zhejiang, China). All the other chemical reagents were of
analytical grade and were purchased from Nanjing Built
Biological Technology Co., Ltd. (Nanjing, China).

Preparation of plant materials: Five-year-old ginseng plants
dried under sunlight were obtained from Jilin Ginseng And
Antler  Co.,  Ltd  (Jilin,  China)  and  confirmed  by  Professor
Yu-gang Gao (one of the co-authors). Voucher specimens
were deposited in laboratory located at Jilin Agricultural
University, China. Ginseng was ground to fine powder for use.

Animals and drug administration: ICR male mice (body
weight:  19-22  g)  were  provided by Jilin University. They
were given free access to pellet food and water and were
housed at a constant temperature (24±1EC), wind velocity
(14-16 cm secG1) and relative humidity (50±5%) on a 12-h
light/dark cycle (lights were kept on from 6:00 am to 6:00 pm).
The study protocol was approved by the Institutional Animal
Care and Use Committee of Jilin Agricultural University (Jilin,
China). The study was conducted following international
guidelines for animal experimentation.

All     mice    were    randomly   divided   into   7   groups
(12 mice/group): Group I (saline control), Group II (ginseng),
Group III (composite ginsenosides), Group IV (compound
amino acids), Group V (amino acids and ginsenosides, high
dose), Group VI (amino acids and ginsenosides, middle dose)
and Group VII (amino acids and ginsenosides, low dose). All
drugs were dissolved in 1% sodium carboxymethyl cellulose
(CMC-Na) solution and were administered by gavage at a
volume of 0.4 mL once per day (Table 1) for 4 weeks.

Measurement of body weight and organ index: All mice
were weighed before the first drug administration and 20 min
after the last administration. Mice were then euthanised and
the visceral organs, including liver, lungs, kidneys, testes,
spleen and thymus were collected and weighed.

Measurement of blood lipid profiles: Blood samples were
collected from all mice in non-EDTA-coated tubes at the time
of euthanasia. After centrifugation at 4000 rpm (Thermo,
Renfrew, UK) for 15 min, sera were obtained and used for the
determination of TG, TC, HDL-C and LDL-C using kits in
accordance with the manufacturer’s instructions.
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Table 1: Detailed biochemical composition of treatments in different groups
Amino acids I II III IV V VI VII
Ginseng - 15.60 - - - - -
His - - - 0.182 0.910 0.182 0.036
Ile - - - 0.152 0.758 0.152 0.030
Leu - - - 0.212 1.062 0.212 0.042
Lys - - - 0.182 0.910 0.182 0.036
Met - - - 0.197 0.986 0.197 0.039
Tyr - - - 0.076 0.379 0.076 0.015
Phe - - - 0.121 0.607 0.121 0.024
Thr - - - 0.053 0.265 0.053 0.011
Val - - - 0.152 0.758 0.152 0.030
Ala - - - 2.169 10.844 2.169 0.434
Arg - - - 1.775 8.873 1.775 0.355
Asp - - - 1.957 9.783 1.957 0.391
Gly - - - 0.789 3.943 0.789 0.158
Glu - - - 3.883 19.413 3.883 0.777
Pro - - - 0.986 4.929 0.986 0.197
Ser - - - 1.987 9.934 1.987 0.397
Rg1 - - 0.0053 - 0.0053 0.0053 0.0053
Re - - 0.0042 - 0.0042 0.0042 0.0042
Rb1 - - 0.0101 - 0.0101 0.0101 0.0101
Rg2 - - 0.0005 - 0.0005 0.0005 0.0005
Rc - - 0.0072 - 0.0072 0.0072 0.0072
Rb2 - - 0.0059 - 0.0059 0.0059 0.0059
Rd - - 0.0026 - 0.0026 0.0026 0.0026
Group I: Saline control, Group II: Ginseng, Group III: Composite ginsenosides, Group IV: Compound amino acids, Group V: High dose of amino acids and ginsenosides,
Group VI: Middle dose of amino acids and ginsenosides, Group VII: Low dose of amino acids and ginsenosides

Analysis of absorption rate: The faeces  from each group
were collected every week, dried to constant weight at a
temperature of 40EC and analysed with HPLC (Waters 2695,
Manchester, UK). An automatic amino acid analyser (Biochrom,
England) was used to determine the content of ginsenosides
and amino acids.

Determination  of  the ginsenoside content: Five grams of
the above-mentioned dried  faeces  were  ground into
powder, decreased with ethyl ether  for  4  h and refluxed with
methanol for 8 h. After evaporation under reduced pressure,
the extract was dissolved in 10 mL of methanol and filtered
through a 0.45-µm filter  with  methanol for 8 h. As a control,
10 mg of ginsenoside standards (Rb1, Rg2, Re, Rg1, Rb2, Rc,
Rd) were dissolved in 5 mL of methanol  filtered  through a
0.45 µm filter and injected into the HPLC system. The
instrumental analysis was performed with a Shimadzu LC-
2010A system (Japan) composed of a liquid chromatography
pump, automatic  injector  and   chromatography  workstation
(CLASS-vP). The chromatographic separation was
accomplished on a C18 column (150×4.6 mm, 5 :m). The
injected volume was 20 µL, the column temperature was
maintained at 35EC and the flow rate was 1.0 mL minG1. The
instrumental analysis was performed and separation was
achieved using the following gradient program: 0-0.5 min
(12% B),  22  min  (22%  B),  2  min  (26%  B),  4   min  (32% B),
20   min  (33.5%  B),  5  min  (38%  B)  and  10  min  (38%  B).

The  absorbance  was  measured at a wavelength of 203 nm
for ginsenoside detection.

Determination of amino acid content: Fifty milligrams of
dried faeces were hydrolysed with 1 mL of 6 M HCl at 110EC
for 22 h. The sample was then filtered, de-acidified and
dissolved in 1 mL of water. For the analysis of amino acids, the
dissolved samples were filtered with a 0.22 :m syringe filter
and injected into an amino acid analyser (L-8800, Hitachi,
Tokyo, Japan) with an ODS1 column (4.6×60 mm), at a
column oven temperature  of  37EC,  an  injection volume of
20 :L, a flow rate of 1.0 mL minG1 and a reaction coil
temperature of 135EC. Isolated amino acids from samples that
passed through the column were converted to a coloured
compound by reaction with ninhydrin at high temperatures.
The intensity of colour was measured at 570 nm (for proline
measurement) and 440 nm (for other amino acids) using a
spectrophotometer (Shanghai Spectrum, Yuan Instrument Co.,
Ltd., Shanghai, China). The content of free amino acids in the
samples was quantitated based on the intensity of the colour.

Statistical analysis: Statistical analysis was carried out using
SPSS  version18 (SPSS, Chicago, IL, USA). Data were reported
as means±standard deviation (SD). Comparisons between
groups  were  made  using one-way ANOVA followed by a
least significant difference (LSD)-t test. p-value<0.05 was
considered statistically significant.
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RESULTS

Effects of amino acids and ginsenosides on mouse weights
and organ indices: After the 4-week feeding, no significant
differences were found in the mice fed with low dose of amino
acids (Group VII) compared with those in the control group
(Group I), while increased body weight was found in the mice
of the other groups. The largest weight increase was found in
those of Group VI, who were fed with a middle dose of amino
acids and ginsenosides (Table 2). Compared with the mice of
Group III (ginsenosides alone) or Group IV (amino acids alone),
the middle dose of ginsenosides and compound amino acids
(Group VI) induced body weight increases in the ICR mice.
Changes in the visceral organ index were assessed and the
results showed that no significant differences were found in
liver, lung, kidney, testis and spleen indices in groups with the
different treatments. However, a significantly decreased
thymus index p<0.05 was found in the mice of Group II
(ginseng) and Group III (composite ginsenosides) and no
differences were found  when comparing the mice of the
other 4 groups (Groups IV-VII) with those of the control group
(Table 3). Since the thymus index could serve as an indicator
of immune function and nutrition status, a decreased thymus
index suggests that amino acid supplements may improve
physiological effects on thymus.  Taken  together,  these
results indicated that ginseng, ginsenoside treatments or the
combined  use   of   compound    amino  acids  and   composite

ginsenosides could increase body weight without affecting
the visceral organ indices compared to Group III (ginsenosides
alone) or Group IV (amino acids alone).

Effects of amino acids and ginsenosides on blood lipid
profiles: A lower CHO content was found in Group II-VII
compared to Group I, as shown in the data of Table 4.
Moreover, increased TG was found in Groups II and VII,
whereas decreased TG was found in Groups III-VI. Increased
HDL-C was found in Group II and Group V, whereas decreased
HDL-C was found in Groups III, IV, VI and VII. Increased LDL-C
was found in Group IV and  VII,  whereas decreased  LDL-C was

Table 2: Weight changes in mice with different treatments
Weight (g)
--------------------------------------------------------------------------------

Groups Before After Weight gain
I 30.12±1.04a 38.19±1.49a 8.07±0.32a

II 30.60±1.47a 39.72±4.04b 9.12±0.47b

III 30.27±1.58a 40.27±2.55b 10.00±0.69c

IV 30.46±1.82a 39.15±3.87a 8.69±1.22b

V 30.05±1.77a 38.63±3.79a 8.58±0.77b

VI 30.71±0.83a 41.32±2.31b 10.61±0.89d

VII 30.60±1.34a 38.63±3.79a 7.67±0.52a

Group I: Saline control, Group II: Ginseng, Group III: Composite ginsenosides,
Group IV: Compound amino acids, Group V: High dose of amino acids and
ginsenosides,   Group  VI:  Middle  dose  of  amino  acids  and  ginsenosides,
Group VII: Low dose of amino acids and ginsenosides. Data are expressed as
mean±standard deviation, different upper letters represent when performing
the comparison and no significant difference was found between groups with
the same upper letter (p<0.05)

Table 3: Effects of different treatments on main visceral organs
Test groups Liver index Lung index Kidney index Testis index Spleen index Thymus index
I 49.96±4.28a 5.05±0.88ab 13.36±1.14b 5.48±0.12ab 3.89±0.22ab 2.40±0.17b

II 47.95±3.22a 5.12±0.42b 12.77±0.59a 5.92±0.69b 3.33±0.28a 2.00±0.12a

III 51.11±3.40a 4.82±0.40a 12.90±1.11ab 5.52±0.09ab 4.46±0.08b 1.98±0.17a

IV 52.53±5.24a 4.98±0.35ab 13.33±0.54b 5.89±0.98b 4.54±0.56bc 2.29±0.22ab

V 51.62±4.86a 5.17±0.55b 13.48±1.23b 6.26±0.38b 4.24±0.59b 2.39±0.23b

VI 48.90±5.37a 4.96±0.32ab 12.88±1.18ab 6.13±0.50b 3.50±0.27a 2.41±0.15b

VII 50.81±5.44a 4.74±0.38a 13.63±1.83b 4.89±0.06a 4.21±0.69b 2.11±0.19ab

Group I: Saline control, Group II: Ginseng, Group III: Composite ginsenosides, Group IV: Compound amino acids, Group V: High dose of amino acids and ginsenosides,
Group VI: Middle dose of amino acids and ginsenosides, Group VII: Low dose of amino acids and ginsenosides. Data are expressed as mean±standard deviation,
different upper letters represent when performing the comparison and no significant difference was found between groups with the same upper letter (p<0.05) 

Table 4: Lipid profiles in mice with different treatments
Experimental groups CHO TG HDL-C LDL-C
I 2.14±0.02a 1.23±0.03ab 0.92±0.05ab 1.51±0.01ab

II 2.09±0.15a 1.36±0.12b 1.11±0.03b 1.23±0.09a

III 1.87±0.12a 1.07±0.04a 0.83±0.03a 1.29±0.02a

IV 2.00±0.18a 0.98±0.03a 0.90±0.01a 1.80±0.05b

V 1.69±0.17a 1.15±0.10ab 1.04±0.02ab 1.44±0.03ab

VI 1.77±0.02a 1.02±0.10a 0.89±0.04a 1.47±0.02ab

VII 2.11±0.06a 1.31±0.07b 0.86±0.07a 1.66±0.06b

CHO: Carbohydrate, TG: Triglyceride, HDL-C: High-density lipoprotein cholesterol, LDL-C: Low-density lipoprotein cholesterol. Group I: Saline control, Group II: Ginseng,
Group III: Composite ginsenosides, Group IV: Compound amino acids, Group V: High dose of amino acids and ginsenosides, Group VI: Middle dose of amino acids and
ginsenosides, Group VII: Low dose of amino acids and ginsenosides. Data are expressed as mean±standard deviation, different upper letters represent p<0.05 when
performing the comparison and there was no significant difference between groups with the same upper letter (p>0.05)
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Fig. 1(a-f): High-performance liquid chromatography (HPLC) analysis of different ginsenoside monomers, (a) Seven different
peaks were found on the HPLC and the sequence from left to right was Rg1, Re, Rb1, Rg2, Rc, Rb2 and Rd, (b) HPLC
analysis of faeces from Group II (ginseng), (c) HPLC analysis of faeces from Group III (composite ginsenosides), (d) HPLC
analysis of faeces from Group V (amino acids and ginsenosides, high dose), (e) HPLC analysis of Group VI (amino acids
and ginsenosides, middle dose) and (f) HPLC analysis of Group VI (amino acids and ginsenosides, low dose)

was found in Groups II, III, V and VI. Moreover, the combined
use of compound amino acids and composite ginsenosides at
middle or high doses exerted better effects on blood lipid
reduction compared to Group III (ginsenosides alone) or
Group IV (amino acids alone). These results showed that
composite ginsenosides and compound amino acid treatment
exerted better blood lipid reduction effects when interacting
with each other.

Assessment of the absorption rate
Determination of the ginsenoside content: The HPLC results
from the 7 ginsenosides standards, Group II, III, V, VI and VII are
shown in Fig. 1. According to the results, no significant
ginsenoside peaks could be detected by HPLC in Groups II, III,
V, VI and VII. Moreover, the combined use of compound amino

acids and composite ginsenosides did not exert any adverse
effects on ginsenoside absorption compared with Group III
(ginsenosides alone). These results demonstrated that ginseng
alone or composite ginsenosides could be  absorbed in  vivo
in the presence of compound amino acids.

Determination of the amino acid content: The orally
administrated amino acids were divided into acidic amino
acids (Asp and Glu), alkaline amino acids (Lys, Arg and His) and
neutral amino acids (Thr, Ser, Gly, Ala, Val, Met, Ile, Leu, Tyr,
Phe and Pro) (Fig. 2). According to the amino acid
quantification results (Table 5), no significant differences were
found in the total number of amino acids in all groups.
However, significantly decreased acidic amino acid levels were
found  in  Group  II  (p<0.05),  whereas   significantly  increased
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Fig. 2(a-b): HPLC chromatogram map of different, (a) Amino acid standards and (b) Samples. The chromatogram map of the
amino acid standards shows 18 peaks and the peaks from left to right are Asp, Thr, Ser, Glu, Gly, Ala, Cys, Val, Met, Ile,
Leu, Tyr, Phe, Lys, NH3, His, Arg and Pro

Table 5: Content of different amino acid groups in feces
Experimental groups Total amino acids (%) Acidic amino acids (%) Alkaline amino acids (%) Neutral amino acids (%)
I 14.0750±1.3684a 4.5904±0.0505ab 1.9495±0.1310ab 10.9457±0.4701ab

 II 13.6691±1.9569a 4.2006±0.4731a 1.7607±0.2074a 10.1133±0.8053a

 III 16.9639±1.3304a 4.5831±0.3125 ab 1.8121±0.2577ab 10.9181±0.4521ab

 IV 19.0699±1.6670a 4.8188±0.3642 ab 2.0984±0.2331b 12.0058±0.6919b

 V 17.5469±1.5808a 4.9461±0.3449b 1.9450±0.1936ab 11.3186±0.9791ab

 VI 16.9460±1.8266a 4.5988±0.4088ab 1.9276±0.1022ab 11.0345±0.9062bab

 VII 13.1533±0.9074a 4.6400±0.5016ab 1.8984±0.3417ab 11.3637±0.4521bab

Group I: Saline control, Group II: Ginseng, Group III: Composite ginsenosides, Group IV: Compound amino acids, Group V: High dose of amino acids and ginsenosides,
Group VI: Middle dose of amino acids and ginsenosides, Group VII: Low dose of amino acids and ginsenosides. Data are expressed as mean±standard deviation,
different upper letters represent p<0.05 when performing the comparison and there was no significant difference between groups with the same upper letter (p>0.05)

Table 6: Content of single amino acids in feces
Amino acids Content (%) Amino acid Content (%)
Asp 2.3238±0.0242 Ile 1.0397±0.0172
Thr 1.0677±0.0112 Leu 2.2238±0.0203
Ser 1.1755±0.0320 Tyr 0.6702±0.0233
Glu 4.9484±0.0652 Phe 1.2720±0.0165
Gly 1.0565±0.0239 Lys 1.3083±0.0157
Ala 1.3478±0.0120 His 0.6491±0.0115
Val 1.0511±0.0111 Arg 1.6185±0.0124
Met 0.480±0.0192 Pro 1.9383±0.0112
Total 24.1720±1.0431
Data are expressed as mean±standard deviation

acidic amino acid levels were found in Group V (p<0.05).
Significantly decreased alkaline amino acid levels were found
in Group II (p<0.05) and significantly increased alkaline amino
acid levels were found in Group IV (p<0.05). Significantly
decreased neutral amino acid levels were found in Group II
(p<0.05), whereas significantly increased neutral amino acid
levels were found in Group IV (p<0.05). Moreover, the
combined use of compound amino acids and composite
ginsenosides in the middle-dose group (Group VI) exerted
better effects on amino acid absorption compared to that in
Group IV (amino acids alone). The detailed amino acid
composition   is   shown  in  Table  6.  The  highest   amino  acid

absorption rate was found in Group VI, including total amino
acids, acidic amino acids, alkaline amino acids and neutral
amino acids (Table 7).

DISCUSSION

In the  present  study, male ICR mice were used to
evaluate the effects of ginsenosides and compound amino
acids in  vivo  and this study results demonstrated that
compound amino acids and ginsenosides could increase
mouse bodyweight without influencing the liver, lung, kidney,
testis or spleen indexes. Moreover, compound amino acids
and ginsenosides could reduce blood lipid levels, including
CHO, TG, HDL-C and LDL-C. HPLC and amino acids analyses
revealed that compound amino acids and ginsenosides could
be absorbed by mice. It was previously reported that
administration of ginseng saponins induced a decrease in
LDL-cholesterol and TG in the plasma and liver in rats19.
Panaxoside Rb1 has been shown to suppress TG accumulation
in 3T3-L1 adipocytes and enhance beta-cell insulin secretion
and viability20. It can also inhibit appetite via central and
peripheral pathways21. Panaxoside Rb1 has also been used as
a    reagent   for   the   treatment   of   diabetes22.   Here   it   was
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Table 7: Absorption of different amino acid groups
Experimental groups Total amino acids (%) Acidic amino acids (%) Alkaline amino acids (%) Neutral amino acids (%)
I 79.62±4.02ab 77.91±4.33a 83.78±5.07a 71.33±3.26a

 II 80.21±3.11b 79.78±4.08a 85.35±8.02a 73.51±5.59a

 III 75.44±4.05a 77.94±3.56a 84.92±4.54a 71.41±5.07a

 IV 74.97±4.44a 82.75±2.08a 89.03±3.03ab 73.50±6.43a

 V 76.97±5.21a 82.27±3.06a 89.83±8.25b 75.01±3.22a

 VI 83.80±4.57b 91.84±4.28b 95.95±8.05c 85.04±5.76b

 VII 81.34±3.07b 79.10±6.77a 85.87±9.21a 71.30±6.34a

Group I: Saline control, Group II: Ginseng, Group III: Composite ginsenosides, Group IV: Compound amino acids, Group V: High dose of amino acids and ginsenosides,
Group VI: Middle dose of amino acids and ginsenosides, Group VII: Low dose of amino acids and ginsenosides. Data are expressed as mean±standard deviation,
different upper letters represent p<0.05 when performing the comparison and there was no significant difference between groups with the same upper letter (p>0.05)

established that ginseng could exert effects on the blood lipid
profile, which is consistent with previous studies. Furthermore,
Xie et al.23 reported anti-hyperglycemic effects of total
ginsenosides  in  Chinese  ginseng,  extracted   from  leaves
and the stem,  in  diabetic  C57BL/6J  ob/ob  mice.  Here,
effects of   ginsenosides   on  the  blood  CHO  were  observed
with the middle  or  high  doses,  which  may  increase the
anti-hyperglycaemic effects of ginsenosides, but not with the
low dose of compound amino acids.
According to previous studies, orally administered

ginsenosides exhibit poor bioavailability. The reasons for such
poor bioavailability include low membrane permeability,
active biliary excretion and pre-systemic metabolism in the
gastrointestinal tract24. As a class of small molecules, amino
acids have been suggested to be ligands for the uptake of
metal ions and the formation of specific chemical groups15-17,
thereby facilitating the absorption of other compounds into
the human body, especially those with poor bioavailability
when taken alone. In the present study, our results displayed
that ginsenosides could be fully absorbed in  vivo  in the
presence of compound amino acids. Moreover, it was found
that the highest amino acid absorption rate was in Group VI,
to which the middle dose of amino acids was administered.
These results revealed that there might be an absorption limit
on the total amino acid dosage. The data for daily amino acid
consumption  in  mice  is  similar  to  the amount used in
Group VI 25.

CONCLUSION

It can be concluded that compound amino acids and
ginsenosides have no significant influence on organ indices,
which indicates their safety in usage as medication. Moreover,
compound amino acids and ginsenosides may exert benefits
on blood lipid profiles. There also appears to be the mutual
promotion of absorption between ginsenosides and amino
acids. These findings will provide a scientific basis and a
reference for the further development of compound
ginsenosides and amino acid drugs for treatment use.

SIGNIFICANCE STATEMENTS

This study discovered the effect of compound amino
acids that can be beneficial for the uptake of ginsenosides.
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