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1 | INTRODUCTION

Abstract

Ginseng (Panax ginseng Meyer) has long been consumed as a medicinal or functional
food in East Asia. It is available as dried white ginseng (WG) and steamed red ginseng
(RG), which might differ in ginsenoside profiles. We compared ginsenoside types of
RG and WG using UPLC-MS/MS and evaluated how they biologically affected heart
of healthy rats by recording electrocardiography, measuring biochemical indicators,
analyzing cardiac tissue slides, and Ca®* signaling pathways. About 25 and 29 ginse-
nosides were detected in WG and RG, respectively, and the total ginsenoside content
of RG contained was nearly 1.8 times higher than that of WG. Among them, ginseno-
side Rg4, ginsenoside Rgé, ginsenoside Rh4, ginsenoside Rk1, ginsenoside Rg5, and
protopanaxadiol were detected only in RG, while 20(R)-ginsenoside Rg2 was detected
only in WG. Male SD rats treated by intraperitoneal injection of WG or RG extracts
were similar to the control in terms of electrocardiography and heart histology, indi-
cating that both may not significantly affect the rats' myocardial function. However,
WG and RG may induce mild cardiac injury resulting in increased cardiac collagen and
creatine kinase levels. In addition, upregulated p-CaMKIl and PPARS and downregu-
lated SERCA2a for WG and RG treatments were further associated with increased
cardiac contractility. In general, RG had less effect on the heart of healthy rats than

WG, which may be due to RG having a high proportion of low-polar ginsenosides.

KEYWORDS
Ca?* signaling pathway, cardiac contractility, electrocardiography, heart rate, red ginseng and
white ginseng

et al.,, 2021). Traditional Chinese medicine has shown that ginseng

Ginseng is a perennial plant belonging to the family of Araliaceae,
genus Panax (Aminifard et al., 2021). Genus Panax has several spe-
cies, among which Panax ginseng Meyer is widely cultivated in East
Asia (Ratan et al., 2021). Ginseng is considered the king of herbs, so

the original meaning of Panax ginseng Meyer was “cure-all” (Aminifard

is effective in enriching blood vessels, invigorating vital energy, and
calming the nerves (Guo et al., 2021). Modern clinical studies also sug-
gested the pharmacological benefits of ginseng in tumors, immuno-
modulation, hypertension, neurological disorders, and cardiovascular
diseases, generally attributed to ginsenosides and polysaccharides as
active components (Guo et al., 2021; Kim, 2018; Ratan et al., 2021).
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However, ginseng's cardiac effects have long been controversial.
Ginsenosides have been shown to exhibit antihypertrophic effects
and may alleviate myocardial injury (Aravinthan et al., 2015; Kim &
Lee, 2010; Qin et al., 2008). Conversely, ginseng extracts may cause
palpitation, heart failure, diastolic dysfunction with long QT syndrome,
and atrial fibrillation (Paik & Lee, 2015; Parlakpinar et al., 2019).

Processing methods of ginseng have influenced the occurrence
of ginsenosides. Two typical processed products, white ginseng (WG)
and red ginseng (RG), are common. WG is produced by direct sun dry-
ing or hot air-drying processing, while RG is obtained by following the
steam-cooking and then drying processing of fresh ginseng accord-
ing to Traditional Chinese Medicine (So et al., 2018). During RG pro-
cessing, catabolic enzymes might be inactive, and new ginsenosides
might be generated in the steam-cooking operation by hydrolysis, de-
hydration, and isomerization (Nam, 2005; Xie et al., 2012). The new
ginsenosides of RG were less polar and more bioavailable, which ex-
hibited much more anticancer, antidiabetic, immunomodulatory, and
neuroprotective bioactivities than their precursors (He et al., 2018; Jin
et al., 2022; Nam, 2005; Xie et al., 2012).

The present study aimed to discriminate the ginsenosides of WG
and RG and their effects on hearts of healthy rats, so that to provide
some clues for the selection of RG and WG. We analyzed the ginseno-
side profiles of WG and RG and evaluated their effects on rat heart,
including electrocardiogram (ECG), related electrophysiological pa-
rameters, cardiac pathologies, and biochemical indicators. Finally, the

proteins involved in Ca?* signaling pathway were examined.

2 | MATERIALS AND METHODS
2.1 | Chemical and reagents

Lactate dehydrogenase (LDH), sarco/endoplasmic reticulum Ca*t-
ATPase, (SERCA), and BCA protein assay kits were supplied with
Nanjing Jiancheng Bioengineering Institute (Nanjing, China), cre-
atine kinase (CK) kit purchased from KeyGen Biotechnology Co. Ltd.
(Nanjing, China), RIPA lysate buffer obtained from Solarbio Life Science
(Beijing, China). Primary antibodies against calmodulin-dependent pro-
tein kinase Il (CAMKII), p-CAMKII, SERCA2a, peroxisome proliferator
activator receptor delta (PPARS), and horseradish peroxidase (HRP)-
conjugated secondary antibody procured from Affinity Biosciences
Pty Ltd. (Melbourne, Australia), and B-Actin procured from Cell
Signaling Technology (Beverly, MA, USA). Ginsenosides standards (pu-
rity295%) used in present work for ginseng composition analysis were
purchased from Shanghai Yuanye Biotechnology Co. Ltd. (Shanghai,
China). All other reagents used were of analytical grade.

2.2 | Ginseng extract preparation and analysis of
individual ginsenoside by using UPLC-MS/MS

Red and white ginsengs dried roots (Panax ginseng Meyer) were pur-
chased from Wenyuantang Pharmaceutical Co. Ltd. (Anhui, China)

and placed in a brown desiccator pending use. Ginsengs were pul-
verized and sieved (100 mesh), and ultrasound-assisted extraction
was done by 70% ethanol (1:25, w/v) three times. The filtrate was
evaporated under reduced pressure at 60°C, then lyophilized and
obtained RG and WG extracts.

The UPLC-MS/MS analysis was carried out on an Agilent UPLC-
Vion IMS Q/TOF-MS system (Waters Corp., MA, USA) equipped
with an ESI source. Individual ginsenoside separation of red and
white ginseng was performed by injecting 1L of sample solution
flow through a BEH C, 4 column (2.1x100mm, 1.7 pm, Waters Corp.,
MA, USA) at a 0.4 mL/min flow rate. The mobile phases consisted of
0.1% formic acid-water (A) and 0.1% formic acid-acetonitrile (B), and
their gradient elution program was 0-2min, 10%-30% B; 2-6min,
30%-70% B; 6-8min, 70%-100% B; 8-10min, 100% B; 10-10.1 min,
100%-10% B; 10.1-12min, 10% B. The column oven was kept at
45°C. The mass spectrometry data in positive mode were collected
range m/z 100-1500, and adopted parameters as follows: source
temperature, 115°C; desolvation temperature, 450°C; desolvation
gas flow, 900L/h; capillary voltage, 2kV; and collision energy, 6eV.
Identified ginsenosides were achieved by comparing their MS data
with these corresponding standards or those in available references
(Lee et al., 2017; Piao et al., 2020). The quantification of ginsenoside
Rgl, Re, Rf, Rg2, Rb1, Rc, Rb2, and Rd were based on corresponding
standard, remaining ginsenosides' equivalent concentrations quan-
tification used ginsenoside Re as reference since not all standards
were available. All data were processed with UNIFI informatics plat-

form (Waters, Corp., vision 18.2.0).

2.3 | Animals

Thirty male Sprague-Dawley rats weighing 300g+10% were sup-
plied by Shanghai Slack Laboratory Animal Co. Ltd. (Shanghai,
China; Certificate No.: 20170005063533). All animals were housed
in a standard condition at a temperature of 22+ 2°C, humidity of
60+5%, and 12h light/dark cycle. Food and water were available
ad libitum. The animals and involved experimental procedures in
this study were in compliance with the regulations of Association
for Assessment and Accreditation of Laboratory Animal Care
International, and all protocols were approved by the Institutional
Animal Care and Use Committee of Shanghai Jiao Tong University.

2.4 | Experimental protocols

After 1 week of adaptive feeding, 30 rats were randomly allocated
into three groups (10 in each): normal saline (NS) group, RG group,
and WG group. Red and white ginseng extract i.p. administrated
in groups RG and WG with a dose of 300mg/kgeb.w. (Mancuso &
Santangelo, 2017; Naseem et al., 2016) once a day for 28 consecu-
tive days. The NS group rats were injected with an equal volume
of normal saline. On the 1st and 28th day of experiment, the ECG
of each rat was recorded under sodium pentobarbital anesthetized
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(3% w/v, 50mg/kgi.p.). The normal reading is the ECG before the
drug injection, the second minute after the drug injection is defined
as Oh, and two hours of ECG were traced after drug injection at an
interval of half-hour. All rats were sacrificed at the end of the ECG
measurement, the blood samples were collected, heart tissues were
dissected and weighed, and their ratio to body weight was cardiac
hypertrophy index. Half of the heart samples were immersed in par-
aformaldehyde fixing solution for histological analysis, and half were

stored at -80°C for further biochemical analysis.

2.5 | Electrocardiographic analysis

Anesthetized rats were fixed on a panel in a supine position, three
electrodes separately positioned into the subcutaneous tissue of right
upper limb, right lower limb, and left lower limb of the rats to record the
standard lead Il ECG. Until the electrocardiogram on the oscilloscope
was stable, the waveforms were recorded. After i.p. administration of
ginseng extract or normal saline, ECGs within 2h were collected at O,
0.5, 1, 1.5, and 2h for 5min. Heart rate (HR), P-wave, QRS-wave, T-
wave, QRS interval, and QT interval were measured during 30 consec-
utive cardiac cycles to evaluate the cardiac function. The ECG traces
and cardiac electrophysiological parameters analysis was performed
on an RM6240 multi-channel biological signal acquisition and process-
ing system (Shanghai Yuyan Scientific Instrument Co. LTD., China).

2.6 | Biochemical parameters

The activities of LDH, SERCA, and CK were measured by using com-
mercially available kits following the instructions of manufacturer.
Serum was isolated from blood by centrifugation at 1110g for 15min
at 4°C. The testing tissues were taken from left ventricular tissues,
homogenized, and separated the supernatant after centrifugation at
10,0104 for 15min at 4°C.

2.7 | Histological analysis

Cardiac tissues were embedded with paraffin and sectioned into 5pm
slices, and then slices were processed with hematoxylin and eosin (HE)
or Masson trichrome staining to observe cardiac lesion and collagen
content. Whole slide images of HE and Masson trichrome were cap-
tured with the 3DHISTECH Panoramic Scanner 250 and analyzed with
CaseViewer 2.4 (3DHISTECH Ltd., Budapest, Hungary). The collagen
content of heart tissues was determined by calculating the integrated
optical density (IOD) by using Image Pro Plus 6.0 software.

2.8 | Immunohistochemistry assay

Cardiac slices were incubated with 1:400 diluted PPARS primary
antibody overnight at 4°C, and then washed and incubated with

secondary antibody for 1h at room temperature. Pictures were
imaged using a 3DHISTECH Panoramic Scanner 250 and analyzed
with CaseViewer 2.4 (3DHISTECH Ltd., Budapest, Hungary). The
relative quantification of PPARS level in heart tissues was per-
formed on Image Pro Plus 6.0 software by calculating the IOD.

2.9 | Western blot analysis

The extraction of cardiac tissue protein was as the same as de-
scribed in Section 2.6. BCA protein assay kit was used to measure
the protein content. Then, 20ug protein was loaded on a sodium
dodecyl sulfate-polyacrylamide gel (SDS-PAGE) and transferred to
a nitrocellulose membrane. The membranes were blocked with 5%
skim milk for 1h at room temperature and incubated with primary
antibodies against CAMKII (1:2000), p-CAMKII (1:1000), SERCA2a
(1:1000), PPARS (1:1000), and B-Actin (1:2000), respectively, over-
night at 4°C. After being incubated with HRP-conjugated second-
ary antibody, immunoreactive bands were visualized with enhanced
chemiluminescence reagents (ECL) (Affinity Biosciences Pty Ltd.,
Melbourne, Australia) by a Tanon 5200 imaging system (Shanghai,
China).

2.10 | Statistical analysis

All experimental data analyses were performed by Origin 2021
software (OriginLab, Northampton, MA, USA), and the results were
presented as mean (n=3)+standard error (SE). Datasets with mul-
tiple comparisons were evaluated by one-way analysis of variance
(ANOVA) followed by a Tukey's test, and the significant difference

between groups was considered with p<.05.

3 | RESULTS
3.1 | UPLC-MS/MS analysis

A total of 29 and 25 major ginsenosides (Table 1) were tentatively
identified and relatively quantified in RG (Figure 1a) and WG
(Figure 1b), respectively, based on comparing the mass data with
the standards (Figure 1c) and/or the empirical molecular formula
with previous studies (Lee et al.,, 2017; Park et al., 2013; Wang
et al., 2016; Xu et al., 2018). Several isomeric compounds were
eluted simultaneously with retention times of 6.65, 7.42, 7.66,
7.79, 7.84, 8.46, and 8.72min as shown in Table 1. Six ginseno-
sides were identified in RG alone, namely ginsenoside Rg4, ginse-
noside Rgé, ginsenoside Rh4, ginsenoside Rk1, ginsenoside Rg5,
and protopanaxadiol, while 20(R)-ginsenoside Rg2 and ginseno-
side F2 were unique to WG. And the proportion of Rk1/Rg5 in RG
was high, accounting for >20% of total ginsenosides. The content
of most individual ginsenosides in RG was correspondingly higher
than that in WG, especially ginsenoside Rg2 and ginsenoside F3,

85U80| 7 SUOWILIOD A TeaD 3|qedljdde aup Aq peusenob afe ssp e YO 8sN JO'Sa|nJ 10§ Akiqi]8uluO 481 UO (SUONIPUOD-PUE-SWBY/WIOD" AB | 1M AReJq U1 UO//SAY) SUOIPUOD pue SWie | Y} 88S *[7202/S0/v2] Uo Akiqi]auljuo AB|IM 19V 8UoSIUIZIPBIN ‘UIZIPB N JeNnd Xeuiol|qig eiuez ayosined Aq 6/8€ EUSH/Z00T 0T/10p/wiod A8 Aelq 1 puljuo//sdny wouy pepeojumoqd ‘€ ‘vZ0g ‘LLT.8v0C



20487177, 2024, 3, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/fsn3.3879 by Deutsche Zentral Bibliothek Fuer Medizin, Medizinische Abt, Wiley Online Library on [24/05/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

3 (G0 > d) dwi3 UOIUSI BWES B3 3B DA PUB Y USIMID] SIPISOUISUIS JO JUSFUOD SAIJE[D DY} Ul S2UBID44Ip JUEdlIUSIS B pajuasalday,
=

3 ERIEIEIEY]
m Se 9y apIsouasuld pasn sapisouasuld Sululewsad Jo uolledijizuenb aAlle|al Y3 ‘piepue)s Sulpuodsaliod uo paseq paljiuenb aiam py pue ‘zay Oy ‘TAY ‘Z8Y ‘1Y ‘9Y ‘T8Y apIsouasuln) Jo sJuauod 3y ],
N (0" >d) awij UoIIUIDI SWES 3Y] JAPUN DY USIMIS(
S9DUDJ3JJIP JUBDJIUSIS SUBSW JUSIUOD DAIE[A DAA UO  #, 3dLIDSIadNs By | "92U0 paljijuenb a1am awi} UOIIUS}DJ dWES dYF Y}IM SIPISOUSUIS 0S ‘D) UOIJUD]DJ SWES 9y} Je Sapisouasuls asay) ysinduisip
J0UUED 1 ‘9|qE|IBAR 2J9M SPJEPUE]S ||B JOU 3DUIS ‘sajdwes a3ed||d1I] JO aNn|eA ueaw sy} se paje|ndjed sem pue 1ySiam Aup Jo /81 se passaldxa sem sapisouasuld pa3dalap JO JUIJUOD dAII|a] Y] 910N

L6V PITFETVELT 19'Z8EF 567525 (8/81) 3u=3u0d sapisouasuls [e3o)

Pa12939p 10N 80°0F09°E eN+ £e8e'esy E0%H%) [olpexeuedojoid £8'8 1€

H+ ZIrr'S09 “©0%”H%D €4y apisouasuln zL8 o€

4BYLEFSOETS 88'65F 62066 H+ ZIrr'S09 “©0%H%D 2> apisouasuln zL8 6T

P332939p JON eN+ 6917681 e Xa T i) 58y apisouasuln 91’8 8z

P312939p JON 0T'ZY¥85°50T eN+ 69L7'68L e T i) Ty @pisoussuln 91’8 [z

H+OH-W SY8vLEL Tty A punoduwo) v8L 9z

LTTTF9L06T 19LF2S 81 H+OH-W SY8vLEL %My N apisouasulD v8L ST

Pa32939p 10N H+ ¥£05°58L Fo%“H%D Z4 apisouasuln 6LL vZ

LS YTFS9°00T YETFr¥0S H+ ¥£05°58L FO%“HTD €84 episoussu1D-(S)/(4)0T 6LL £z

P332939p 10N £8°0F95°02 eN+ TLIVEV9 80%H%D YUY Spisoussuln 1L 44

YHN+ 0025'¥8L oM HYY 4 apisouasuln 992 144

PY9OFEIETT YHN+ 0025'¥8L oY £ apisouasuln 99, oz

Pa32232p 10N YHN+ 0025'¥8L oty 98y apisouasuln 99/ 61

pa32239p JON ST'9FZZ00T YHN+ 00ZS¥8L TO“H"D 83 apisouasuin 99, 8T

4806F 98161 80'6TFT6T0E eN+ SL£5°696 B0y Py Spisouasuln 291 LT

eN+ 1185°'T0TT e Xl ile) €93 apIsouasuln L 91

HO0FSLT 05'0F¥E'TT eN+ 1185'T0TT oKy 29y apisouasuln L ST

/907802 9T0F8TL eN+ 7S8S°TOTT 2oy 2y apisouasuln A2 v

LC6LFO9ETT 65°0FET0T eN+ GS65'TETT EotHey Ty apisouasuin A 1

YL TFO6EY P232233p 10N H+ 810568 oty 78y 3pIsouasuIn-(¥)0z eTL a5

LCTOFES'S 80°GFYTL0T H+ v88Y'TLL Fo%HD €4 apisouasu1 98'9 13

WIEVFESIL LEYTFES'LSS eN+ SS8%°£08 Fo¥HD 784 apisouasuln 819 (0)3

H+O%H- £081'€SL 0%yt 23 9pIsouasuIS0IoN-(4)0Z 599 6

H+O%H-W £081'€SL oty G4 apisouasuln 599 8

BOTFYYIE 8£°0F28% H+O%H-W £08Y°ES/ F1o%HM ZY 9pisouasui3oloN 599 L

WS ETFOSVET YT ETFYLOYY BN+ 9187°'€Z8 TO¥HTD 4 @pisouasul 819 9

LSOEFYY 65 C6VFLY66 H+ ¥055°€96 oD ¥ apisoussuiSeuip €09 S

4829250259 TELEFITOCS eN+ TLES'696 BloHES 2y apisouasulo €96 e

| 61TTF¥E0SY 900 F LT TEY eN+ 918%'€Z8 TO¥HD 18y episoussui [SS €

H 4C90F 6161 ZTOFSTY eN+ ¥225'556 B10%8Hy TY 9pIsouasuigoloN 6T'S z

- L1E0FES L ¥9'0¥58°81 eN+ £7£5'586 eToHEy 4 apIsouasuISoN|9-0-07 19'% T

M M [Y:| spnppy (z/w) L[IN] e|nwoy Jendsjon aweu punodwo) (uiw) 3y ‘ON

<(8/81) Juajuod annely

1860

'SIN/SIN-D1dN Suisn Aq pa3d2a3ap DA PUe DY Ul JUSIUOD dAIFE[2J 1Y) pue sapisouasuls JofelN T 374dVL



ZHOU ET AL. 1861
-WILEY
8e51) (a) Red ginseng extracts
842
27,28
6e5
S 4e5
—t 6.92
&
-6.95
s 3 17,18,19,20,21 23?’73(?
058 0.82
\
—089 1
c T T T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12
8¢5 (b) White ginseng extracts
6e5
’g 6.92
g‘deS-
a
@
2e5
0.58
1082 150 199
0 AN 1
T L} T T T
1 2 3 4 5
Retention time [min]
8¢5 (c) Standards
6e5
6.88
£
3 45
[~} e,
o
(-]
2e5 P 6.57 ~7.00 S
5 91
563 s 0762779 815
493 3 \ 1091
_A 5.56 15
0 T T T :'T | T = T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12

Retention time [min]

FIGURE 1 The UPLC chromatographic profiles of red ginseng extracts (a), white ginseng extracts (b), and ginsenoside standards (c).

almost 6.3- and 11.5-fold of that in WG. Ginsenoside Rgl, Re,
Rf, Rg2, Rd, and Rk2/Rh3 were abundant in both WG and RG.
In general, the individual ginsenoside was more diverse, and the
total content of ginsenosides was higher in RG than in WG. Higher
ginsenoside content in RG was also found in RG than in WG (Sun
et al., 2011). Those ginsenosides unique to RG might be produced
due to hydrolysis, decarboxylation, and isomerization reactions,
which convert a ginsenoside to anther or hydrolyze to new com-
pounds during a steaming process of ginseng (Xu et al., 2018; Zhu
et al., 2019).

3.2 | Cardiac waveforms and ECG parameters

An electrocardiogram (ECG) is a recording of the electrical cur-
rents that flow through the heart as a result of the excitation-
contraction coupling of heart muscle (Ho et al.,, 2011), and we
recorded the 2 h of ECG of rats on days 1 and 28 after ginseng
extract administration with blue and brown traces (Figure 2a),
respectively. ECG allows the examination and visualization of
heart conditions based on characteristic waves and intervals
(Hadjem et al., 2014; Ho et al., 2011). According to the ECG traces
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FIGURE 2 Cardiac waveforms and ECG parameters of rats within 2 h after normal saline/RG/WG i.p. administration. a, 2-h-ECG profiles
of rats on day 1 (blue trace) and 28 (brown trace) after drug injection. b, the ECG parameters changes within 2 h, heart rate (a), p-waves
(b), QRS waves (c), t-waves (d), QRS intervals (e), and QT intervals (f) were obtained by measuring 30 consecutive cardiac cycles at each

collection site. RG: red ginseng; WG: white ginseng; NS: normal saline; ECG: electrocardiography.

wxn

was a symbol of significant differences

with normal reading in the same group (p <.05); “#” represented significant differences with NS group at the same time point (p <.05); “&”

signified significant differences between RG and WG groups (p <.05).
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FIGURE 3 Effects of RG and WG on cardiac hypertrophy index (a), and activities of LDH (b), SERCA (c), and CK(d) in the serum and heart
of rats. RG: red ginseng; WG: white ginseng; NS: normal saline; LDH: lactic dehydrogenase; SERCA: sarco/endoplasmic reticulum Ca*-

ATPase; CK: creatine kinase. *p <.05 vs. NS; #p <.05 vs. RG.

in Figure 2b(a), ginseng treatment did not cause any HR differ-
ence with the NS group at the first 1 h, and the WG group showed
significantly lower HR values than the NS group at 1.5h on day
1 (p<.05). Their average HR within 2h was 331+52 BPM (NS
group), 320+47 BPM (RG group), and 287 +32 BPM (WG group)
separately. The average HR between the RG and NS groups was
not significantly different (p>.05) but significantly higher than
that of the WG group (p <.05). Their corresponding average val-
ues on day 28 were 347+ 31 BPM, 328 +24 BPM, and 369 +44
BPM, respectively, which were higher than on day 1. However,
they were not significantly different from each other (p>.05).
The P, QRS, and t-waves within 2h were fluctuating in
Figure 2b(b-d), but no significant differences were observed among
the three groups on day 1 in terms of their mean amplitudes. After
28days of intraperitoneal injection, red and white ginseng made the

average amplitudes of p- and t-waves slightly larger than the NS group:
p-wave, 0.06+0.01mV (NS group) versus 0.07+0.01mV (RG group)
versus 0.07+0.01mV (WG group); t-wave, 0.12+0.04mV (NS group)
versus 0.13+0.01mV (RG group) versus 0.15+0.04mV (WG group);
QRS, 0.31+0.03mV (NS group) versus 0.28+0.05mV (RG group)
vs. 0.30+0.03mV (WG group). In terms of QRS and QT intervals
(Figure 2b(e-f)), the average QRS intervals of RG and WG groups were
shorter, and the average QT intervals of them were longer compared
with the NS group on day 1. However, no significant changes were ob-
served among the three groups (p>.05). Ginseng administration for
28days shortened the average QT interval and extended average QRS
intervals than day 1. Compared with the NS group, WG prolonged QRS
interval but shortened QT interval, while the RG group prolonged both
intervals. In general, no abnormality in ECG was observed in the three
groups during a 2h recording on 1st and 28th day.
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3.3 | Cardiac biochemical indexes

The cardiac hypertrophy indexes were 0.29 and 0.30, respec-
tively, for WG and RG groups (Figure 3a), which were not signifi-
cantly different from the NS group (p>.05). LDH, SERCA, and CK
activities in serum and heart were presented in Figure 3b-d. No
significant differences in LDH in serum and heart were observed
among three groups (p>.05) with heart LDH around 1500 U/L and
serum LDH around 600U/L (Figure 3b), which were consistent
with previous reports (Dizaji et al., 2021; Sun et al., 2014). Both
RG and WG administrations slightly decreased SERCA activity in
heart and serum. The variation in the WG group was greater, and

(a) HE (b) Masson trichrome staining
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the decrease was 11% and 29% in heart and serum, respectively,
in contrast to the NS group (Figure 3c). As for CK (Figure 3d), the
activity in serum has a slight increase in RG and WG groups, and
the activity in the heart of the WG group was about 1.12 times
that of the NS group (p <.05).

3.4 | Histopathological and immunohistochemical
analyses

As shown by HE staining, the cardiac tissues of the three groups
had a normal histological appearance, with myocardial fibers

*#
T
1
A 14 4
& *
-9 T
Ay 124
= 1
£ 107 T
)
5
n
<o
S 6
=]
=
& 47
2+
0
NS RG WG

FIGURE 4 Histopathological evaluation and immunohistochemistry of cardiac tissues. a, HE staining, x100. b and d, Masson trichrome staining
(b) and relative collagen content in cardiac tissues (d); the full view of hearts in B with a magnification of x2, and the right box areas at a higher
magnification of x100. c and e, immunohistochemistry of PPARS (c) and its relative expression in cardiac tissues (e); c with magnification of x100.
RG: red ginseng; WG: white ginseng; NS: normal saline; HE: Hematoxylin and Eosin; PPARS: peroxisome proliferator activator receptor delta.
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SERCAZ2a, and PPARS; b, the relative expressions of these proteins by comparison with the NS group according to the grayscale. RG: red
ginseng; WG: white ginseng; NS: normal saline; CaMKII: calmodulin-dependent protein kinase Il; SERCA 2a: sarco/endoplasmic reticulum
Ca?*-ATPase 2a; PPARS: peroxisome proliferator activator receptor delta. *p <.05 vs. NS.

arranged regularly and nuclei distributed centrally (Figure 4a).
Red and white ginseng treatment did not cause any significant
changes in cardiac histopathology. Masson trichrome staining
gradually darkened from the NS group to the RG group to the
WG group, which might be more blue staining in myocardial fiber
of WG and RG groups (Figure 4b). These blue dyes deposited
collagen, which was an indication of damage and fibrosis (Farag
et al., 2021). The IOD quantified results manifested that the col-
lagen contents in RG and WG groups were 1.19 and 1.30 times
that of the NS group, respectively, in Figure 4d (p <.05). The re-
sults of PPARS immunohistochemistry (Figure 4c) were similar to
the Masson trichrome staining. Ginseng administration signifi-
cantly increased the PPARS level (p <.05). The levels in RG and
WG groups were 1.21 times and 1.63 times that of the NS group,

respectively (Figure 4e).

3.5 | Ca?* signaling pathway

The levels of proteins involved in the Ca®* signaling pathway, in-
cluding CaMKIl, SERCA2a, and PPARS, were detected by Western
blot (Figure 5a). The WG and RG increased the phosphorylation
of CaMKIl, the expression level of which in the WG group was ap-
proximately 1.14 times that of the NS group (p<.05) (Figure 5b).
Ginseng treatment also upregulated PPARS, which was expressed
by 1.28-fold (WG) and1.15-fold (RG) of that in the NS group (p <.05).
SERCAZ2a level was downregulated in both treatment groups, which
decreased by 8% in the RG group and 22% in the WG group com-
pared with the NS group (p <.05).

4 | DISCUSSION

Heart is the engine of the body, which transports nutrients and en-
ergy to the whole body by pumping blood around the body with con-
stant ECC (Hoang-Trong et al., 2015). Normal physiological structure
and function of heart is a prerequisite for cardiac activity. HE stain-
ing and cardiac hypertrophy indexes showed normal heart histol-
ogy under ginseng administration, ECG recordings and LDH levels
also did not observe any abnormalities compared with the NS group.
These suggested that both RG and WG may have no effect on physi-
ological structure and function of the myocardium of healthy rats.

Other cardiac biochemical indexes are CK/SERCA, an enzyme
localized in myocytes and leakage during myocardial injury, or an
index of cardiac myocyte dysfunction (Chen et al., 2018; Zhang
et al., 2016). CK activity increased and SERCA activity slightly de-
creased in ginseng-treated groups. This suggests that the hearts in
the treatment groups might suffer from myocardial injury and dys-
function to such a minor degree that it is barely detectable by ECG.
On closer inspection of the results, RG administration only caused
an increase in serum CK activity, and a lesser decrease in SERCA
activity was also observed in the RG group (Figure 3c). These sug-
gest that WG may cause a greater impact on heart than RG did. The
degree of collagen deposition in RG and WG groups, as shown by
Masson staining, was also in support of this speculation.

In addition, SERCA is responsible for pumping Ca®* back into
the sarcoplasmic reticulum during diastole (Eisner et al., 2017).
Accordingly, CaMKIl regulates the Ca®' influx by controlling
the switching of L-type Ca®* channels during systole (de Souza

et al., 2019; Maier, 2005). The disruption of cytoplasmic calcium
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concentration ([Ca2+]i) homeostasis will contribute to arrhythmia
(Zhang et al., 2016). In this study, overexpressed p-CaMKII, down-
regulated SERCAZ2a, and lowered SERCA activity in ginseng-treated
groups, suggesting an increase in intracellular [Ca2*]i. This indicated
WG and RG administration may induce arrhythmia. Moreover, ac-
tivation of CaMKIIl could improve cardiac contractility (Kaurstad
et al., 2012). The expression and activity reduction of SERCA2a also
committed to the improvement of myocardial contractility (Zhang
et al., 2016). Thus, WG and RG might also have cardiac contractility-
enhancing effect. The upregulated PPARS also confirmed this con-
clusion. PPARS expression is calcium- and calmodulin-dependent,
which is also a protein highly associated with cardiac contractility
(Chou et al., 2012; Lin et al., 2014).

In general, WG may have a slightly greater impact than RG in
terms of cardiac injury and protein expression. Normally, ginseng
with higher ginsenoside content tends to exhibit greater biological
activity (Ma et al., 2017; Yun et al., 2004). In a research on antipro-
liferative and pro-apoptotic effects of ginseng on human colorectal
cancer cells, RG (Panax ginseng and Panax quinquefolius) with higher
ginsenoside content than corresponding WG exhibited stronger bio-
activity (Sun et al., 2011). RG, richer in individual ginsenosides and
total content than WG's, showed less impact on heart of healthy rats
in present study, one reason may be due to the reduced polarity of
ginsenoside profile in RG, such as ginsenoside F2, Rgé, Rh4, Rh3,
Rk1, Rg5, and protopanaxatriol (Chen et al., 2020; Xie et al., 2012),
together in a high percentage (>46%). Many studies have reported
that the steaming and heating process could transform the polar
ginsenoside of ginseng to less polar ginsenoside, endowing RG with
higher medical safety and more pharmacological benefits, such as
lower neurotoxicity and stronger anticancer activity and immune
activity than unprocessed ginseng (Shin et al., 2018). Other consti-
tutions' changes in processing, like polysaccharides and amino acids,
may also be related to the heart impact differences; our future work
will further elucidate whether these heart impacts are induced by
ginsenosides or synergistically together with others in ginseng.

5 | CONCLUSIONS

RG and WG administration had no influence on the physiological struc-
ture and function of rats' myocardium, while it could induce arrhythmia
and strengthen cardiac contractility, which could be associated with
upregulated p-CaMKII and PPARS, downregulated SERCA2a and el-
evated intracellular [Caz+]i. Moreover, RG and WG would cause a slight
injury to the heart. RG caused the improvement of cardiac contractil-
ity, and the degree of injury was less than that caused by WG, which
might be attributed to the high proportion of low-polarity ginsenosides
and more moderate pharmacological effects of RG.
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