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Abstract. Gardenia jasminoides is a plant that has been used in 
traditional Chinese medicine. It has four key active components 
(genipin gentiobioside, geniposide, crocin 1 and crocin 2). The 
aim of the present study was to determine the anti‑hypertension 
effects of Gardenia jasminoidesin vivo. The chemical compo-
sition of Gardenia jasminoides was determined using liquid 
chromatography. The anti‑hypertensive effects of Gardenia 
jasminoides were determined by a L‑NG‑nitroarginine 
(L‑NNA)‑induced hypertension animal model. Both Gardenia 
jasminoides plants of the Jiangjin County variety (CJGJ) and 
the Lichuan City variety (HLGJ) were used. HLGJ contained 
more geniposide than CJGJ. L‑NNA was used to induce 
hypertension in mice, and the mice were subsequently treated 
with CJGJ and HLGJ. The Gardenia jasminoides‑treated 
mice exhibited lower systolic (SBP), diastolic (DBP) and mean 
blood pressure (MBP) than the experimental control mice. 
Additionally, HLGL has a more potent effect on SBP, MBP 
and DBP than CJGJ. Following Gardenia jasminoides treat-
ment, the nitric oxide contents in serum, heart, liver, kidney 
and stomach of mice were higher than the L‑NNA‑induced 
control mice, and the malondialdehyde contents were lower; 
the levels in HLGJ‑treated mice were closer to those normal 

mice than the levels in CJGJ‑treated mice were. Serum levels 
of endothelin‑1 and vascular endothelial growth factor were 
reduced by HLGJ treatment in hypertensive mice, whereas the 
calcitonin gene‑related peptide level was raised. Reverse tran-
scription‑polymerase chain reaction analysis of mouse heart 
and vessel tissue demonstrated that HLGJ‑treated mice exhib-
ited higher heme oxygenase‑1, neuronal nitric oxide synthase 
(nNOS), endothelial NOS, Bax, caspase‑3, caspase‑8, caspase‑9 
mRNA expression levels and lower adrenomedullin, receptor 
activity modifying protein, interleukin‑1β, tumor necrosis 
factor‑α, inducible NOS, Bcl‑2, monocyte chemoattractant 
protein‑1, nuclear factor‑κB and matrix metalloproteinase‑2 
and ‑9 mRNA expression compared with control hypertensive 
mice and CJGJ‑treated mice. In conclusion, Gardenia jasmi‑
noides has anti‑hypertensive effects, and these effects may be 
associated with the active component, geniposide.

Introduction

In traditional Chinese medicine, the pathogenesis of 
hypertension is mainly attributed to liver, kidney, heart and 
spleen dysfunction, that cause an imbalance in the body (1). 
Traditional Chinese treatments focus on the etiology and 
pathology of hypertension, and aim, via restoring the function 
of the immune system and other organs, to eradicate the under-
lying causes of hypertension. Traditional Chinese formulas do 
not produce serious adverse events, such as those associated 
with antihypertensive agents used in western medicine (2). 
Traditional Chinese treatments aim to repair the damages 
induced by increased blood pressure, via facilitating blood 
circulation, alleviating blood stasis, regulating blood lipid 
contents and restoring the blood pressure regulatory mecha-
nisms (3).

Gardenia jasminoides Ellis is an edible plant that has also 
been used in traditional Chinese medicine (4). In traditional 
Chinese medicine, Gardenia jasminoides has been used for its 
liver‑ and gallbladder‑protecting properties, in the treatment 
of contusions to stop bleeding and reduce swelling, as well 
as in the treatment of diabetes (5). Previous studies on the 
chemical composition of Gardenia jasminoides have reported 
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that iridoid glycosides, diterpenoids and organic acid esters 
are among its main ingredients (5,6). More than 20 different 
types of iridoid glycosides have been identified in Gardenia 
jasminoides extracts, including genipin 1‑gentiobioside and 
gardenoside. Among Gardenia jasminoides diterpenoids, 
crocin 1 and crocin 2 are the most abundant. Genipin 1‑gentio-
bioside, gardenoside, crocin 1 and crocin 2 have been suggested 
to mediate the biological actions of Gardenia jasminoides (7).

L‑NG‑nitroarginine (L‑NNA) is an inhibitor of nitric oxide 
synthase (NOS), which can increase blood pressure by inhib-
iting NO production. L‑NNA is often used in experimental 
hypertension models, as it can inhibit the endothelium‑depen-
dent relaxation of blood vessels  (8,9). When used in the 
induction of experimental hypertension, L‑NNA potently 
inhibits NO production in vascular endothelium, whereas it 
also promotes vascular smooth muscle cell proliferation, and 
thus changes vascular structure, impairs endothelial function 
and increases arterial blood pressure (10). The present study 
employed an L‑NNA‑induced mouse model of hypertension 
to investigate the effects of Gardenia jasminoides on hyper-
tension. The molecular mechanisms underlying the actions of 
Gardenia jasminoides were also examined, via the evaluation 
of serum levels of key proteins and the expression of related 
genes. Furthermore, the chemical composition of Gardenia 
jasminoides was analyzed in order to identify the main 
components responsible for its effects.

Materials and methods

Preparation of Gardenia jasminoides extracts. Gardenia 
jasminoides plants of the Jiangjin County variety (CJGJ) 
were purchased in Chongqing local markets (Jiangjin, China); 
Gardenia jasminoides plants of the Lichuan City variety 
(HLGJ) were purchased in Lichuan local markets (Hubei, 
China). The plants were authenticated using an ultraviolet 
spectrophotometer, ultraviolet absorption spectrum and thin 
layer chromatography by Dr  Long Song (Department of 
Pharmacognosy, Shanghai University of Traditional Chinese 
Medicine, Shanghai, China). Gardenia jasminoides was stored 
at ‑80˚C and freeze‑dried to produce a powder. A 20‑fold 
volume of 70% methanol was added to the powdered sample 
for the sonic extraction of Gardenia jasminoides components 
(power, 250 W; frequency, 40 kHz). Methanol extracts were 
evaporated using a rotary evaporator (N‑1100; Eywla, Tokyo, 
Japan).

Liquid chromatography. Standards for genipin 1‑gentio-
bioside, gardenoside, crocin 1 and crocin 2 were prepared 
in 20 ml volumetric flasks. Methanol was used to obtain 
stock solutions with concentrations of 1.03, 1.07, 0.103 and 
1.02 mg/ml. Standards were prepared by 5‑fold dilution of 
the stock solutions. A Waters® ACQUITY UPLC® BEH 
C18 chromatography column (2.1x50 mm, 1.7 µm) was used 
(Waters China, Ltd., Shatin, Hong Kong). Acetonitrile (A) and 
0.2% phosphoric acid solution (B) were used as the mobile 
phase during gradient elution (8‑20% A during 0‑3  min, 
20‑35% A during 3‑8 min). The detection wavelength was 
238 nm during 0‑5 min and 440 nm during 5‑8 min. The flow 
rate was 0.3 ml/min and the column temperature was 30˚C. 
Sample volumes were 2 µl.

Animal experiment. A total of 40 male ICR mice (age, 7 weeks; 
body weight, 20‑25 g) were purchased from the Experimental 
Animal Center of Chongqing Medical University (Chongqing, 
China). ICR mice were randomly assigned to the following 
four groups (n=10 mice/group): Normal group, control group, 
CJGJ group, HLGJ group. Mice in the control, CJGJ and 
HLGJ groups were treated with 700 mg/kg L‑NNA (2 ml) 
daily (Shanghai Golden Time Biological Technology Co., Ltd., 
Shanghai, China) via gavage for 20 days. Mice in the normal 
group were treated with normal saline (2 ml) via gavage for 
20 days. Following L‑NNA treatment for 7 days, mice in the 
CJGJ and HLGJ groups were treated with 500 mg/kg CJGJ and 
HLGJ via gavage. On day 20, 45 min after L‑NNA the systolic 
(SBP), diastolic (DBP) and mean blood pressure (MBP) were 
measured using the Tail‑cuff method (MRBP non‑invasive 
blood pressure meter, Shanghai Yuyan Instruments Co., Ltd., 
Shanghai, China). Subsequently, mice were sacrificed via 
CO2 inhalation and the heart, liver, kidney and stomach were 
collected. Blood and heart whole blood vessel samples were 
also obtained. The present study was approved by the Animal 
Ethics Committee of Chongqing Medical University.

Metabolite levels. NO (cat. no A012) and malondialdehyde 
(MDA; cat. no  A003‑1) levels in heart, liver, kidney and 
stomach tissue samples were determined using detection kits 
(Nanjing Jiancheng Bioengineering Institute, Nanjing, China). 
Serum NO (cat. no A012), MDA (cat. no A003‑1), endothelin 
(ET)‑1 (cat. no H093) and calcitonin gene‑related peptide 
(CGRP; cat. no  H217) levels were determined using the 
appropriate detection kits (Nanjing Jiancheng Bioengineering 
Institute). Serum vascular endothelial growth factor (VEGF; 
cat. no  111202; Beijing BLKW Biotechnology Co., Ltd., 
Beijing, China) and E‑selectin (cat. no ml002207; Shanghai 
Enzyme‑linked Biotechnology Co., Ltd., Shanghai, China) 
levels were assessed using an ELISA kit.

Reverse transcription‑polymerase chain reaction (RT‑qPCR). 
Total RNA was extracted from myocardial and vascular 
endothelial tissue samples using RNAzol reagent, (Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA. The 
concentration of the extracted RNA was adjusted to 1 µg/µl. 
Total RNA (2 µl) was reverse transcribed into cDNA using 1 µl 
each of oligo (dT)18, RNase, deoxyribonucleotide triphosphate 
and M‑MLV reverse transcriptase (Roche Diagnostics, Basel, 
Switzerland) in 5X buffer (10 µl). RT was performed with incu-
bation at 37˚C for 120 min, 99˚C for 4 min and 4˚C for 3 min. 
The primers used for PCR amplification of heme oxygenase 
(HO)‑1, adrenomedullin (ADM), receptor activity modifying 
protein (RAMP) 2, interleukin (IL)‑1β, tumor necrosis factor 
(TNF)‑α, B‑cell lymphoma‑2 (Bcl‑2), Bcl‑2‑associated 
X protein (Bax), caspase‑3, caspase‑8, caspase‑9, mono-
cyte chemoattractant protein (MCP)‑1, nuclear factor‑κB 
(NF‑κB), matrix metalloproteinase (MMP)‑2, MMP‑9, 
neuronal (n)NOS, endothelial (e)NOS and inducible (i)NOS 
are presented in Table  I. GAPDH was used as an internal 
control. cDNA (2 µl) was mixed with 1 µl of each 10 µM 
primer and 16 µl of DNase‑free water in a PCR premix tube 
(AccuPower® PCR PreMix; Bioneer Corporation, Daejeon, 
Korea) and PCR was performed in an automatic thermocycler 
(Bioneer Corporation) for 40 cycles of 94˚C for 5 min, 58˚C 
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for 30 sec and 72˚C for 90 sec, followed by a 10 min cycle at 
95˚C. Then these PCR products were resolved by 1.2% agarose 

gel electrophoresis using 1% ethidium bromide. Gene expres-
sion was semi‑quantitatively analyzed using ImageJ software 
version 1.44 (National Institutes of Health, Bethesda, MD, 
USA) and normalized to GAPDH, as previously described (11). 
The following formula was used to calculate the fold‑ratio: 
Target gene expression/GAPDH x control numerical value 
(control fold ratio=1).

Statistical analysis. The statistical significance of the differ-
ence between groups was assessed by one‑way analysis of 
variance followed by a post hoc Duncan's test for multiple 
comparisons. Data are expressed as the mean  ±  standard 
deviation of three independent experiments. The analysis was 
performed using SAS statistical software version 9.1 (SAS 
Institute Inc., Cary, NC, USA). P<0.05 was considered to 
indicate a statistically significant difference.

Results

Gardenia jasminoides chemical constituents. Genipin 1‑genti-
obioside, gardenoside, crocin 1 and crocin 2 standards were 
dissolved in methanol. Genipin 1‑gentiobioside standard solu-
tions were adjusted to 1.0300, 0.5150, 0.2575, 0.1288, 0.0644, 
0.0322 mg/ml; gardenoside standard solutions were adjusted 
to 1.0700, 0.5350, 0.2675, 0.1338, 0.0669, 0.0334  mg/ml; 
crocin 1 standard solutions were adjusted to 0.2575, 0.1288, 
0.0644, 0.0322, 0.0161 and 0.0080 mg/ml; and crocin 2 stan-
dard solutions were adjusted to 0.0638, 0.0319, 0.0159, 0.0080, 
0.0040, 0.0020 mg/ml. The standards were assessed using 
liquid chromatography and standard curves were determined. 
The following equations were used: Genipin 1‑gentio-
bioside, y=5x106x+17,485; gardenoside, y=1x107x+96,992; 
crocin 1, y=4x107x+10,1764; and crocin 2, y=4x107x‑784.4. 
Subsequently, genipin 1‑gentiobioside, gardenoside, crocin 1 
and crocin 2 contents of the two Gardenia jasminoides vari-
eties were chromatographically determined according to the 
standard curves (Fig. 1). The chemical compositions of CJGJ 
and HLGJ are presented in Table II.

Blood pressure. Mice in the control group exhibited the highest 
SBP, DBP and MBP following L‑NNA treatment, whereas 
normal mice exhibited the lowest blood pressure measure-
ments (Table III). Treatment with CJGJ and HLGJ appeared 
to significantly reduce SBP, DBP and MBP in L‑NNA‑treated 
mice compared with L‑NNA‑treated control mice (P<0.05). 
The effect of HLGJ on blood pressure was significantly greater 
compared to the effects of CJGJ (Table III).

Serum and tissue NO levels. Normal mice had the highest 
serum and heart, liver, kidney and stomach tissue NO levels, 
whereas control mice exhibited the lowest NO contents 
(Table  IV). L‑NNA‑treated mice exhibited significantly 
increased serum and tissue NO contents following HLGJ 
and CJGJ treatment compared with control mice (P<0.05). 
NO contents in HLGJ‑treated mice were closer to the NO 
contents of normal mice compared with in CJGJ‑treated mice 
(Table IV).

Serum and tissue MDA levels. Following the induction of 
hypertension by L‑NNA, control mice demonstrated the highest 

Table I. Primer sequences used for reverse transcription‑quan-
titative polymerase chain reaction.

Gene	 Sequence

HO‑1	 F: 5'‑GGAACTTTCAGAAGGGCCAG‑3'
	 R: 5'‑GTCCTTGGTGTCATGGGTCA‑3'
ADM	 F: 5'‑GCTGGTTTCCGTCGCCCTGATGT‑3'
	 R: 5'‑CGTTGTCCTTGTCCTTATCTGTG‑3'
RAMP2	 F: 5'‑GGACGGTGAAGAACTATGAG‑3'
	 R: 5'‑ATCATGGCCAGGAGTACATC‑3'
IL‑1β	 F: 5'‑CTCCATGAGCTTTGTACAAGG‑3'
	 R: 5'‑TGCTGATGTACCAGTTGGGG‑3'
TNF‑α	 F: 5'‑CTCCCTCCAGAAAAGACACCAT‑3'
	 R: 5'‑ATCACCCCGAAGTTCAGTAGACAG‑3'
nNOS	 F: 5'‑GAATACCAGCCTGATCCATGGAA‑3'
	 R: 5'‑TCCTCCAGGAGGGTG' TCCACCG
	 CATG‑3
eNOS	 F: 5'‑GGAGAGGCTGCATGACATTG‑3'
	 R: 5'‑GGTAGAGCCATAGTGGAATGAC‑3'
iNOS	 F: 5'‑AGAGAGATCGGGTTCACA‑3'
	 R: 5'‑CACAGAACTGAGGGTACA‑3'
Bax	 F: 5'‑AAGCTGAGCGAGTGTCTCCGGCG‑3'
	 R: 5'‑CAGATGCCGGTTCAGGTACTCAGTC‑3'
Bcl‑2	 F: 5'‑CTCGTCGCTACCGTCGTGACTTGG‑3'
	 R: 5'‑CAGATGCCGGTTCAGGTACTCAGTC‑3'
Caspase‑3	 F: 5'‑CAAACTTTTTCAGAGGGGATCG‑3'
	 R: 5'‑GCATACTGTTTCAGCATGGCA‑3'
Caspase‑8	 F: 5'‑CCCCACCCTCACTTTGCT‑3'
	 R: 5'‑GGAGGACCAGGCTCACTTA‑3'
Caspase‑9	 F: 5'‑GGCCCTTCCTCGCTTCATCTC‑3'
	 R: 5'‑GGTCCTTGGGCCTTCCTGGTAT‑3'
MCP‑1	 F: 5'‑CACGTCGTAGCA AACCACCAA‑3'
	 R: 5'‑GTTGGTTGTCTTTGAGATCCAT‑3'
NF‑κB	 F: 5'‑CACTTATGGACAACT'ATGAGGTCTC
	 TGG‑3
	 R: 5'‑CTGTCTTGTGGACAACGCAGTGGAAT'
	 TTTAGG‑3
MMP‑2	 F: 5'‑CTTCTTCAAGGACCGGTTCA‑3'
	 R: 5'‑GCTGGCTGAGTACCAGTA‑3'
MMP‑9	 F: 5'‑TGGGCTACGTGACCTATGAC‑3'
	 R: 5'‑GCCCAGCCCACCTCCACTCC‑3'
GAPDH	 F: 5'‑CGGAGTCAACGGATTTGGTC‑3'
	 R: 5'‑AGCCTTCTCCATGGTCGTGA‑3'

HO, heme oxygenase; ADM, adrenomedullin; RAMP, receptor 
activity modifying protein; IL, interleukin; TNF, tumor necrosis 
factor; n, neuronal; NOS, nitric oxide synthase; e, endothelial; i, 
inducible; Bax, B‑cell lymphoma (Bcl)‑2‑associated X protein; 
Bcl‑2, B‑cell lymphoma‑2; MCP, monocyte chemoattractant protein; 
NF‑κB, nuclear factor‑κB; MMP, matrix metalloproteinase.
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MDA serum, heart, liver, kidney and stomach tissue contents 
(Table  V). Treatment with CJGJ and HLGJ significantly 
reduced MDA serum and tissue levels in L‑NNA‑treated mice 
(P<0.05). MDA contents in HLGJ‑treated mice were lower 
and closer to MDA contents of normotensive mice compared 
with in CJGJ‑treated mice (Table V).

Serum ET‑1, CGRP, VEGF and E‑selectin levels. L‑NNA‑ 
induced hypertensive mice (control) exhibited the highest 
ET‑1, VEGF and E‑selectin serum levels and the lowest 
CGRP serum levels among the groups (Table VI). Treatment 
with CJGJ and HLGJ significantly reduced ET‑1, VEGF and 
E‑selectin serum levels, and increased CGRP serum levels 
compared with L‑NNA‑treated control mice. HLGJ‑treated 
mice demonstrated lower ET‑1, VEGF and E‑selectin and 
higher CGRP levels compared with CJGJ‑treated mice, and 
these levels were closer to those reported in normal mice 
(Table VI).

HO‑1, ADM and RAMP2 mRNA expression levels. HO‑1 
mRNA expression levels were the highest in myocardial 
and blood vessel tissue samples of normal mice (2.84‑ and 
2.63‑folds over control, respectively). Conversely, ADM and 
RAMP2 mRNA expression levels in normal mice were the 
lowest (ADM, 0.22‑ and 0.22‑folds over control; RAMP2, 
0.31‑ and 0.37‑folds over control, in myocardial and endothe-
lial samples, respectively). HJGJ‑treated hypertensive mice 
exhibited reduced ADM and RAMP2, and increased HO‑1 
myocardial (ADM, 0.70‑; RAMP2, 0.59‑; and HO‑1, 2.56‑folds 
over control) and endothelial (ADM, 0.53‑; RAMP2, 0.73‑; 
and HO‑1, 2.39‑folds over control) mRNA expression levels 
compared with CJGJ‑treated mice (ADM, 0.85‑ and 0.83‑folds 
over control; RAMP2, 0.84‑ and 0.85‑folds over control; 
HO‑1, 1.51‑ and 1.83‑folds over control, in myocardial and 

endothelial samples, respectively). HO‑1, ADM and RAMP‑2 
mRNA expression levels in HJGJ‑treated mice were closer 
to the levels reported in normal mice compared with in 
CJGJ‑treated mice (Fig. 2).

IL‑1β and TNF‑α mRNA expression levels. Blood vessel 
samples isolated from control mice exhibited the highest IL‑1β 
and TNF‑α mRNA expression levels (Fig. 3). IL‑1β and TNF‑α 
mRNA expression levels were decreased in L‑NNA‑induced 
hypertensive mice following treatment with CJGJ (0.85‑ and 
0.80‑folds over control, respectively) and HLGJ (0.64‑ and 
0.57‑folds over control, respectively). IL‑1β and TNF‑α 
mRNA expression levels in HJGJ‑treated mice were closer to 
the levels reported in normal mice (0.38‑ and 0.27‑folds over 
control, respectively) compared with in CJGJ‑treated mice 
(Fig. 3).

nNOS, eNOS and iNOS mRNA expression levels. Normal, and 
CJGJ‑ and HLGJ‑treated mice demonstrated increased myocar-
dial nNOS mRNA expression levels compared with control 
hypertensive mice (3.61‑, 2.23‑ and 3.06‑folds over control, 
respectively; Fig. 4A). In addition, nNOS mRNA expression 
levels in blood vessel samples isolated from normal (3.09‑folds 
over control), CJGJ‑(1.62‑folds over control) and HLGJ‑treated 
(2.68‑folds over control) mice were increased compared with 
in control mice (Fig. 4B). Myocardial and endothelial eNOS 
expression levels in normal (2.07‑ and 8.22‑folds over control, 
respectively), CJGJ‑(1.31‑ and 5.79‑folds over control, respec-
tively) and HLGJ‑treated (1.77‑ and 7.41‑folds over control, 
respectively) mice were significantly upregulated compared 
with in control hypertensive mice. Conversely, myocardial and 
endothelial iNOS expression levels were significantly lower 
in normal (0.26‑ and 0.37‑folds over control, respectively), 
CJGJ‑(0.87‑ and 0.87‑folds over control, respectively) and 

Figure 1. Analysis of the chemical composition of Gardenia jasminoides using liquid chromatography. (A) Standards of genipin 1‑gentiobioside, gardenoside, 
crocin 1 and crocin 2 were analyzed. (B) Chemical composition of Gardenia jasminoides from Jiangjin County. (C) Chemical composition of Gardenia 
jasminoides from Lichuan City. Peaks correspond to: 1, Genipin gentiobioside; 2, gardenoside; 3, crocin 1; and 4, crocin 2.



MOLECULAR MEDICINE REPORTS  15:  4360-4373,  20174364

HLGJ‑treated (0.65‑ and 0.57‑folds over control, respectively) 
mice compared with in control mice (Fig. 4).

Bax and Bcl‑2 mRNA expression levels. Treatment with CJGJ 
and HLGJ was demonstrated to significantly upregulate 
Bax and downregulate Bcl‑2 myocardial mRNA expression 
levels compared with control hypertensive mice (Fig.  5). 
Bax mRNA expression levels appeared to be higher in tissue 
samples isolated from HLGJ‑treated mice (3.02‑folds over 
control) compared with from CJGJ‑treated mice (1.38‑folds 
over control). Conversely, Bcl‑2 mRNA expression levels 
appeared to be lower in HLGJ‑treated tissue (0.23‑folds over 
control) compared with in CJGJ‑treated tissue (0.39‑folds 
over control).

Caspase‑3, caspase‑8 and caspase‑9 mRNA expression 
levels. Caspase‑3, caspase‑8 and caspase‑9 mRNA expres-
sion levels in myocardial tissue of control hypertensive mice 
were the lowest (10.42‑, 3.14‑ and 2.22‑folds over control, 
respectively). HLGJ‑treated hypertensive mice exhibited 
significantly increased caspase‑3, caspase‑8 and caspase‑9 
mRNA expression levels (4.58‑, 1.79‑ and 1.48‑folds over 
control, respectively) compared with mice in the control and 
CJGJ‑treated groups (Fig. 6).

MCP‑1 and NF‑κB mRNA expression levels. Myocardial 
and endothelial MCP‑1 and NF‑κB mRNA expression levels 
were the lowest in normotensive (MCP‑1, 0.11‑ and 0.23‑folds 
over control; NF‑κB, 0.10‑ and 0.22‑folds over control, 
respectively) and the highest in control hypertensive mice 
(Fig. 7). Treatment with HLGJ significantly downregulated 

MCP‑1 (0.31‑ and 0.54‑folds over control, respectively) 
and NF‑κB (0.31‑ and 0.41‑folds over control, respectively) 
mRNA expression levels compared with CJGJ treatment 
(MCP‑1, 0.53‑ and 0.72‑folds over control; NF‑κB, 0.68‑ and 
0.56‑folds over control, respectively) in heart and blood 
vessel tissue samples.

MMP‑2 and MMP‑9 mRNA expression levels. Control 
hypertensive mice demonstrated the highest MMP‑2 and 
MMP‑9 mRNA expression levels in myocardial and blood 
vessel samples. Treatment with CJGJ and HLGJ significantly 
downregulated the expression of MMP‑2 and MMP‑9 (Fig. 8). 
MMP‑2 and MMP‑9 mRNA expression levels in myocardial 
(0.34‑ and 0.54‑folds over control, respectively) and blood 
vessel (0.27‑ and 0.09‑folds over control, respectively) tissue 
samples isolated from HLGJ‑treated mice were significantly 
reduced compared with in CJGJ‑treated tissue samples.

Discussion

ET‑1 has been identified as one of the most potent and 
long‑lasting vasoconstrictor polypeptides, and it has also been 
reported to promote cellular proliferation, which may result 
in vascular smooth muscle hypertrophy (12). Previous studies 
have reported the potential of the ET‑1 gene as a candidate 
gene to predict the risk of hypertension, whereas ET‑1 poly-
morphisms have been associated with various hypertension 
risk factors, such as left ventricular hypertrophy and fibrosis, 
and renal insufficiency (13‑15). Therefore, plasma ET‑1 levels 
may be used as an indicator of the severity of hypertension 
and of hypertension‑associated damage of related organs (14). 
Furthermore, ET‑1 has previously been reported to promote 
the synthesis and release of NO, which has vasodilatory 
actions (16), whereas their interaction maintains the vascular 
tension under physiological conditions. NOS is the enzyme 
responsible for catalyzing the biosynthesis of NO (17). In 
hypertensive vascular endothelium, the activity of NOS is 
decreased, due to the insufficient response of the vasculature 
to endothelium‑dependent dilators (17). Three NOS isoforms, 
nNOS, eNOS and iNOS, are expressed in different cell 
and tissue types and under different conditions (18). Under 
physiological conditions, iNOS is not expressed in endothelial 
cells, whereas eNOS and nNOS constantly synthesize small 
amounts of NO to maintain the vascular tone (19,20). However, 
under pathological conditions, endotoxins and various cyto-
kines can induce the expression of iNOS in macrophages 
and leukocytes, leading to increased NO production, which 
can exert potent vasodilatory effects (21). NO synthesized by 
eNOS has been reported to cause smooth muscle relaxation, 

Table III. Effects of treatment with Gardenia jasminoides on 
SBP, DBP and MBP in mice.

Group	 SBP (mmHg)	 DBP (mmHg)	 MBP (mmHg)

Normal	 101.7±3.2d	 82.0±2.1d	 70.2±1.7d

Control	 137.6±4.2a	 108.7±3.0a	 91.5±2.2a

CJGJ	 115.2±2.8b	 94.1±2.2b	 82.3±1.8b

HLGJ	 107.7±2.4c	 87.0±1.6c	 78.1±1.4c 

a‑dMean values with different letters in the same column are signifi-
cantly different, P<0.05. Values are expressed as the mean ± standard 
deviation. CJGJ, Jiangjin County Gardenia jasminoides variety; 
HLGJ, Lichuan City Gardenia jasminoides variety; SBP, systolic 
blood pressure; DBP, diastolic BP; MBP, mean BP; L‑NNA, 
L‑NG‑nitroarginine.

Table II. Analysis of the chemical composition of Gardenia jasminoides using liquid chromatography.

Sample	 Genipin 1‑gentiobioside (%)	 Gardenoside (%)	 Crocin 1 (%)	 Crocin 2 (%)

CJGJ	 0.59	 2.74	 0.38	 0.06
HLGJ	 0.33	 2.91	 0.39	 0.04

CJGJ, Jiangjin County Gardenia jasminoides variety; HLGJ, Lichuan City Gardenia jasminoides variety.
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inhibit vascular smooth muscle cellular proliferation, inhibit 
platelet aggregation, and maintain normal vascular tension 
and arterial blood pressure (22). However, previous studies 
have suggested that under pathological conditions, such as 
hypertension and atherosclerosis, eNOS‑produced NO may be 
insufficient to maintain normal vascular tension, resulting in 
iNOS activation and increased NO production, in an effort to 
maintain physiological blood pressure levels (22,23).

E‑selectin is a cell adhesion molecule specifically expressed 
on cytokine‑activated endothelial cells; therefore, soluble 
E‑selectin in peripheral blood can be used as a specific marker of 
endothelial cell activation (24). Serum levels of soluble E‑selectin 
have been reported to be significantly increased in hypertensive 
patients, thus suggesting that vascular endothelial cells may be 
activated by high blood pressure (25). In addition, E‑selectin has 
been reported to mediate leukocyte adhesion, which may damage 
vascular endothelial cells and cause their degeneration, necrosis 
and apoptosis, thus leading to atherosclerotic lesion formation, as 
well as lumen deformation and stenosis (26).

CGRP has been identified as one of the most potent vaso-
dilatory neuropeptides. It has previously been reported that 
CGRP plasma levels in patients with essential hypertension 
were significantly lower compared with in healthy subjects, 
thus suggesting a role for CGRP in the pathogenesis of hyper-
tension (27). CGRP has been reported to promote NOS activity 
and NO production in vascular smooth muscle cells, and NO 
may participate in its vasodilatory mechanism. Inadequate 
plasma CGRP secretion in patients with essential hypertension 
may lead to reduced NOS activity and NO levels, thus resulting 
in increased blood pressure (28). ADM has been identified in 
plasma and several tissues, whereas vascular endothelial cells 
have been reported as the main source of plasma ADM. ADM is 
a member of the CGRP superfamily and shares high sequence 
homology with CGRP, thus suggesting that ADM may exert its 
actions via binding to CGRP receptors in endothelial cells. In 
addition, ADM may participate in the regulation of vasoactive 
substance levels, which serve critical roles in the mainte-
nance of vascular tension (29). Furthermore, ADM has been 

Table VI. Serum levels of ET‑1, CGRP and VEGF in mice.

Group	 ET‑1 (pg/ml)	 CGRP (pg/ml)	 VEGF (pg/ml)	 E‑selectin (ng/ml)

Normal	 73.87±3.82d	 180.68±5.03a	 119.75±4.98d	 445.63±17.42d

Control	 126.54±6.74a	 64.78±3.25d	 292.63±7.85a	 735.95±28.43a

CJGJ	 95.62±3.55b	 116.97±4.58 c	 208.71±6.31b	 608.34±20.64b

HLGJ	 83.47±3.08c	 135.20±4.03 b	 177.98±7.81c	 541.36±16.50c

a‑dMean values with different letters in the same column are significantly different, P<0.05. Values are expressed as the mean ± standard 
deviation. CJGJ, Jiangjin County Gardenia jasminoides variety; HLGJ, Lichuan City Gardenia jasminoides variety; ET, endothelin; CGRP, 
calcitonin gene‑related peptide; VEGF, vascular endothelial growth factor; L‑NNA, L‑NG‑nitroarginine.

Table V. Malondialdehyde contents in mouse serum, heart, liver, kidney and stomach tissue samples.

Group	 Serum (µmol/gprot)	 Heart (µmol/gprot)	 Liver (µmol/gprot)	 Kidney (µmol/gprot)	 Stomach (µmol/gprot)

Normal	 4.35±0.28d	 2.12±0.20d	 0.42±0.07d	 1.28±0.08d	 1.35±0.12d

Control	 11.78±0.88a	 4.63±0.28a	 1.08±0.06a	 2.97±0.19a	 3.87±0.11a

CJGJ	 8.36±0.42b	 3.41±0.22b	 0.79±0.05b	 2.09±0.16b	 2.59±0.17b

HLGJ	 6.97±0.27c	 2.81±0.19c	 0.65±0.04c	 1.72±0.18c	 1.92±0.15c

a‑dMean values with different letters in the same column are significantly different, P<0.05. Values are expressed as the mean ± standard devia-
tion. CJGJ, Jiangjin County Gardenia jasminoides variety; HLGJ, Lichuan City Gardenia jasminoides variety; L‑NNA, L‑NG‑nitroarginine.

Table IV. Nitric oxide contents in mouse serum, heart, liver, kidney and stomach tissue samples.

Group	 Serum (µmol/gprot)	 Heart (µmol/gprot)	 Liver (µmol/gprot)	 Kidney (µmol/gprot)	 Stomach (µmol/gprot)

Normal	 65.71±4.08a	 8.08±0.71a	 2.68±0.15a	 7.67±0.75a	 9.42±0.41a

Control	 32.10±2.78d	 3.11±0.42d	 0.50±0.05d	 4.03±0.39d	 5.39±0.26d

CJGJ	 44.63±2.77c	 5.42±0.41c	 1.39±0.24c	 5.01±0.44c	 6.71±0.52c

HLGJ	 52.61±2.82b	 6.39±0.32b	 2.11±0.18b	 6.18±0.46b	 8.10±0.43b 

a‑dMean values with different letters in the same column are significantly different, P<0.05. Values are expressed as the mean ± standard devia-
tion. CJGJ, Jiangjin County Gardenia jasminoides variety; HLGJ, Lichuan City Gardenia jasminoides variety; L‑NNA, L‑NG‑nitroarginine.
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demonstrated to inhibit the release of ET‑1 and angiotensin 
(Ang), and to suppress their vasoconstrictive actions  (30). 
Sumimoto et al (31) reported that plasma ADM levels in hyper-
tensive patients were markedly increased compared with in 
healthy subjects. It has previously been revealed that following 
myocardial infarction and heart failure in mice, ADM and 

RAMP2 mRNA expression levels were increased in ischemic, 
as well as in non‑infarcted myocardial tissue  (32). Under 
pathological conditions, such as shock, congestive heart failure 
and obstructive nephropathy, ADM and RAMP2 expression in 
cardiovascular tissue may be altered as a result of compensatory 
mechanisms aiming to protect cardiovascular function (33). 

Figure 2. Effects of treatment with Gardenia jasminoides on mRNA expression levels of HO‑1, ADM and RAMP2 in (A) mouse myocardial tissue samples 
and (B) in mouse blood vessel tissue samples. Data are expressed as the mean ± standard deviation of 3 independent experiments. *P<0.05 vs. normal group; 
#P<0.05 vs. control group; §P<0.05 vs. CJGJ group. HO, heme oxygenase; ADM, adrenomedullin; RAMP, receptor activity modifying protein; L‑NNA, 
L‑NG‑nitroarginine; CJGJ, Jiangjin County Gardenia jasminoides variety; HLGJ, Lichuan City Gardenia jasminoides variety.
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In accordance with a previous study (34), the present results 
demonstrated that ADM and RAMP2 mRNA expression levels 
were increased in myocardial and blood vessel tissue isolated 
from hypertensive mice compared with in normal mice.

Following hypertension‑induced cerebral tissue damage, 
immune cells, astrocytes, endothelial cells and neurons have 
been reported to express TNF‑α and other pro‑inflammatory 
cytokines, such as IL‑6 (35). IL‑6 has been reported to induce 
fibrinogen activation and blood clot formation, leading to 
fibroblast hyperplasia and collagen deposition in inflamed 
vasculature. In addition, IL‑6 is able to promote the activation 
and aggregation of platelets, thus leading to endothelial cell 
damage (36). Ang II has also been revealed to stimulate vascular 
smooth muscle cells to increase the synthesis and release of 
IL‑6, andIL‑6 upregulates Ang II receptors. Furthermore, 
during the pathogenesis of essential hypertension, Ang II has 
been demonstrated to increase peripheral resistance via smooth 
muscle contraction, and thus increase blood pressure (37).

VEGF is a glycosylated secretory peptide factor, and the 
important pro‑angiogenic protein, which selectively stimu-
lates mitosis and proliferation of endothelial cells, promotes 
angiogenesis and increases vascular permeability  (38). 
Hypertensive patients have been reported to exhibit increased 
serum VEGF levels compared with healthy subjects. The 
reduced blood flow leading to partial ischemia hypoxia and 
increased cytokine levels in tissues of hypertensive patients 
may underlie the increased serum levels of VEGF observed in 
these patients (39).

Oxidative stress has been associated with hypertension and 
reactive oxygen species have been suggested to be implicated 
in its pathogenesis (40). It has previously been demonstrated 
that damage induced by free radicals participates in the devel-
opment of hypertension (41). MDA is a product of unsaturated 

fatty acid decomposition, which can be used as a biomarker 
to reflect the production of oxygen free radicals. Research has 
demonstrated that patients with hypertension and ischemic 
stroke may exhibit higher MDA compared with controls (42).

The HO enzymatic system has been reported to exert 
cytoprotective effects against oxidative damage. HO is the 
key enzyme involved in heme degradation, and catalyzes 
the catabolism of heme to produce the antioxidant molecule 
bilirubin, the vasodilatory gas carbon monoxide and Fe2+ (43). 
Under physiological or pathological conditions, the induction 
of HO‑1 activity has been demonstrated to protect against 
oxidative damage; HO‑1‑associated cytoprotection has been 
attributed to the antioxidant properties of bilirubin (44). In 
addition, HO‑1 has been reported to exert protective effects 
on cardiovascular function, as, through its antioxidant action, 
it protects vascular endothelial cells and cardiomyocytes from 
oxidative damage (45). HO‑1 also directly inhibits cardiomyo-
cyte hypertrophy and reduces the left/right ventricle weight 
ratio. Furthermore, HO‑1 was previously demonstrated to 
exert anti‑hypertensive effects, which were associated with 
improved endothelial function (46).

Previous studies have reported that crocin prevented endo-
thelial cell injury, and thus counteracted the development of 
hypertension and atherosclerosis, as well as cerebral edema, 
spinal cord injury, papilloma and arthritis; crocin‑1 appeared 
to exert stronger effects (47,48). Genipin 1‑gentiobioside has 
been reported to exhibit protective properties against heart 
failure  (49). Furthermore, it has previously been reported 
that gardenoside protected vascular endothelial cells against 
oxidative damage and prevented the development of hyperten-
sion (50).

Bax and Bcl‑2 are apoptosis‑associated genes. Previous 
studies have demonstrated that in hypertensive mice with 

Figure 3. Effects of treatment with Gardenia jasminoides on mRNA expression levels of IL‑1β and TNF‑α in mouse blood vessel tissue samples. Normal 
mice were treated with saline. Control mice were treated with L‑NNA. Mice in the CJGJ group were treated with L‑NNA and CJGJ. Mice in the HLGJ 
group were treated with L‑NNA and HLGJ. Data are expressed as the mean ± standard deviation of 3 independent experiments. *P<0.05 vs. normal group; 
#P<0.05 vs. control group; §P<0.05 vs. CJGJ group. IL, interleukin; TNF, tumor necrosis factor; L‑NNA, L‑NG‑nitroarginine; CJGJ, Jiangjin County Gardenia 
jasminoides variety; HLGJ, Lichuan City Gardenia jasminoides variety.
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left ventricular hypertrophy, myocardial cell apoptosis was 
enhanced, and the expression of Bax was upregulated, whereas 
the expression of Bcl‑2 was downregulated (51‑53). Therefore, 
to successfully treat hypertension, myocardial cell apoptosis, 
myocardial hypertrophy and the development of heart failure 

should be addressed (54). The cardiovascular actions of Ang II 
have been reported to be primarily mediated by type 1 Ang II 
receptors. Ang II receptor activation stimulated the expres-
sion of Bax, inhibited the expression of Bcl‑2 and increased 
the phosphorylation of target proteins, which eventually led 

Figure 4. Effects of treatment with Gardenia jasminoides on mRNA expression levels of nNOS, eNOS and iNOS in (A) mouse myocardial tissue samples and 
(B) blood vessel tissue samples. Normal mice were treated with saline. Control mice were treated with L‑NNA. Mice in the CJGJ group were treated with 
L‑NNA and CJGJ. Mice in the HLGJ group were treated with L‑NNA and HLGJ. Data are expressed as the mean ± standard deviation of 3 independent experi-
ments. *P<0.05 vs. the normal group; #P<0.05 vs. control group; §P<0.05 vs. CJGJ group. n, neuronal; NOS, nitric oxide synthase; e, endothelial; i, inducible; 
L‑NNA, L‑NG‑nitroarginine; CJGJ, Jiangjin County Gardenia jasminoides variety; HLGJ, Lichuan City Gardenia jasminoides variety.
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to caspase activation and the induction of apoptosis  (55). 
Ang II induced myocardial cell apoptosis and increased blood 

pressure, and caspase‑3 reduced the effects of Ang II and 
reduced blood pressure (56).

Figure 5. Effects of treatment with Gardenia jasminoides on mRNA expression levels of Bcl‑2 and Bax in mouse myocardial tissue samples. Normal mice were 
treated with saline. Control mice were treated with L‑NNA. Mice in the CJGJ group were treated with L‑NNA and CJGJ. Mice in the HLGJ group were treated 
with L‑NNA and HLGJ. Data are expressed as the mean ± standard deviation of 3 independent experiments. *P<0.05 vs. normal group; #P<0.05 vs. control 
group; §P<0.05 vs. CJGJ group. Bcl‑2, B‑cell lymphoma‑2; Bax, Bcl‑2‑associated X protein; L‑NNA, L‑NG‑nitroarginine; CJGJ, Jiangjin County Gardenia 
jasminoides variety; HLGJ, Lichuan City Gardenia jasminoides variety.

Figure 6. Effects of treatment with Gardenia jasminoides on mRNA expression levels of caspase‑3, caspase‑8 and caspase‑9 in mouse myocardial tissue 
samples. Normal mice were treated with saline. Control mice were treated with L‑NNA. Mice in the CJGJ group were treated with L‑NNA and CJGJ. Mice 
in the HLGJ group were treated with L‑NNA and HLGJ. Data are expressed as the mean ± standard deviation of 3 independent experiments. *P<0.05 vs. the 
normal group; #P<0.05 vs. the control group; §P<0.05 vs. the CJGJ group. L‑NNA, L‑NG‑nitroarginine; CJGJ, Jiangjin County Gardenia jasminoides variety; 
HLGJ, Lichuan City Gardenia jasminoides variety.
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The development of hypertension and hyperten-
sion‑induced organ damage, as well as the progression of 
atherosclerosis, are associated with vascular inflammation. 
Hypertensive patients exhibit increased levels of pro‑inflam-
matory cytokines, including TNF‑α, IL‑1β and MCP‑1, 
compared with normotensive subjects. The inhibition of 
pro‑inflammatory factors has been demonstrated to reduce 
MCP‑1 expression and inhibit the activation of NF‑κB (57). 

Inhibiting Ang II led to a series of effects on inflammation, 
including reduced levels of macrophages and T lymphocytes, 
which subsequently led to reduced blood pressure (58).

MMPs are a family of Zn2+‑containing proteases, that are 
responsible for the degradation of extracellular matrix compo-
nents; therefore, they are critical in tissue remodeling (59). 
High blood pressure has been reported to cause left ventricular 
remodeling, which has been identified as a risk factor for heart 

Figure 7. Effects of treatment with Gardenia jasminoides on mRNA expression levels of MCP‑1 and NF‑κB in (A) mouse myocardial tissue samples and 
(B) mouse blood vessel tissue samples. Normal mice were treated with saline. Control mice were treated with L‑NNA. Mice in the CJGJ group were treated 
with L‑NNA and CJGJ. Mice in the HLGJ group were treated with L‑NNA and HLGJ. Data are expressed as the mean ± standard deviation of 3 independent 
experiments. *P<0.05 vs. the normal group; #P<0.05 vs. the control group; §P<0.05 vs. the CJGJ group. MCP, monocyte chemoattractant protein; NF, nuclear 
factor; L‑NNA, L‑NG‑nitroarginine; CJGJ, Jiangjin County Gardenia jasminoides variety; HLGJ, Lichuan City Gardenia jasminoides variety.
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failure and other cardiovascular events (60). Previous studies 
using mouse models of hypertension and heart failure have 
demonstrated that the activity of MMP‑2 and MMP‑9 was 
significantly enhanced in myocardial tissue. These results 
suggested that MMP‑2 and MMP‑9 may serve important roles 
in ventricular remodeling processes induced by hyperten-
sion (61,62).

The present study demonstrated that crocin‑1 and crocin‑2 
contents were similar in CJGJ and HLGJ Gardenia jasminoides 

varieties. CJGJ appeared to be enriched in genipin 1‑gentio-
bioside compared with HLGJ. Conversely, HLGJ exhibited 
higher gardenoside contents compared with CJGJ. Notably, 
HLGJ appeared to exert more potent anti‑hypertensive effects 
compared with CJGJ in the L‑NNA‑induced mouse model 
of hypertension. Therefore, it may be hypothesized that 
the higher gardenoside contents of HLGJ are critical for its 
anti‑hypertensive effects. These results were similar to previous 
research where gardenoside was demonstrated to reduce 

Figure 8. Effects of treatment with Gardenia jasminoides on mRNA expression levels of MMP‑2 and MMP‑9 in (A) mouse myocardial tissue samples 
and (B) mouse blood vessel tissue samples. Normal mice were treated with saline. Control mice were treated with L‑NNA. Mice in the CJGJ group were 
treated with L‑NNA and CJGJ. Mice in the HLGJ group were treated with L‑NNA and HLGJ. Data are expressed as the mean ± standard deviation of  
3 independent experiments. *P<0.05 vs. the normal group; #P<0.05 vs. the control group; §P<0.05 vs. the CJGJ group. MMP, matrix metalloproteinase; L‑NNA, 
L‑NG‑nitroarginine; CJGJ, Jiangjin County Gardenia jasminoides variety; HLGJ, Lichuan City Gardenia jasminoides variety.
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blood pressure (50). In addition, treatment of L‑NNA‑induced 
hypertensive mice with Gardenia jasminoides increased their 
NO, CGRP, HO‑1, nNOS, eNOS, Bax, caspase‑3, caspase‑8 
and caspase‑9 levels, and reduced their MDA, ET‑1, VEGF, 
E‑selectin, ADM, RAMP2, IL‑1β, TNF‑α, iNOS, Bcl‑2, 
MCP‑1, NF‑κB, MMP‑2 and MMP‑9 levels. Previous studies 
demonstrated that changes in the expression of these genes 
were associated with changes in blood pressure  (63‑65), 
which was confirmed by the results of the present study. 
These results may demonstrate the mechanism of action of 
Gardenia jasminoides, and may guide the development of 
treatments based on the structure of Gardenia jasminoides. 
Further experiments involving chemical structure analysis and 
application to clinical experiments are required prior to the 
development and application of Gardenia jasminoides‑based 
treatments.
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