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Tangnaikang improves insulin resistance and β-cell apoptosis by
ameliorating metabolic inflammation in SHR.Cg-Leprcp/NDmcr rats

Li Linyi, Hisae Yoshitomi, Qin Lingling, Wu Xinli, Zhou Tian, Wang Haiyan, Jiang Yueying, Wei Ying, Xu Tunhai, Liu
Tonghua, Gao Ming
aa

Li Linyi, Health-cultivation Laboratory of the Ministry of Ed-
ucation, Beijing University of Chinese Medicine, Beijing
100029, China; Key Laboratory of Upper Airway Dysfunc-
tion-related Cardiovascular Diseases, Beijing Institute of
Heart Lung and Blood Vessel Diseases, Beijing Anzhen Hos-
pital, Capital Medical University, Beijing 100029, China
Qin Lingling, Wu Xinli, Wang Haiyan, Jiang Yueying, Wei
Ying, Xu Tunhai, Liu Tonghua, Health-cultivation Laborato-
ry of the Ministry of Education, Beijing University of Chinese
Medicine, Beijing 100029, China
Yoshitomi Hisae, Gao Ming, School of Pharmaceutical Sci-
ences, Mukogawa Women's University, Hyogo 663-8179, Ja-
pan
Zhou Tian, Oncology Department, Dongfang Hospital, Bei-
jing University of Chinese Medicine, Beijing 100078, China
Supported by Grants from the International Scientific and
Technological Cooperation Program of China: Innovative
Chinese Medicine for the prevention and treatment of insu-
lin resistance (No. 2010DFB33260), the Key Project of the
Chinese Ministry of Education: the Effects and Mechanisms
of Tangnaikang on Insulin Signaling Pathway (No. 311011),
the Beijing Talents Fund (No. 2016000021469G193)
Correspondence to: Prof. Liu Tonghua, Health-cultivation
Laboratory of the Ministry of Education, Beijing University
of Chinese Medicine, Beijing 100029, China. thliu@vip.163.
com; Prof. Gao Ming, School of Pharmaceutical Sciences,
Mukogawa Women's University, Hyogo 663-8179, Japan.
gaoming@mukogawa-u.ac.jp
Telephone: +86-10-64286935; +0081-0798-45-9983
Accepted: June 6, 2016

Abstract
OBJECTIVE: To investigate the effects of Tangnai-
kang (TNK), a mixture of five herbal plant extracts,
on inflammation-mediated insulin resistance and
β-cell apoptosis in SHR.Cg-Leprcp/NDmcr (SHR-cp)
rats.

METHODS: Seven-week-old SHR-cp rats were ran-
domly divided into a control (CON) group and a
TNK (3.24 g/kg) group. Wistar-Kyoto rats at the
same age were used as the normal control group.
After 7 weeks of continuous intragastric administra-
tion of TNK, the glucose metabolic status and insu-
lin sensitivity of the rats were evaluated by assess-
ing fasting serum glucose (FBG), the oral glucose
tolerance test (OGTT), fasting serum insulin (FINS),
and the insulin sensitivity index (ISI). Serum tumor
necrosis factor-α (TNF-α), interleukin-6 (IL-6), C-re-
active protein (CRP) and adiponectin were mea-
sured via enzyme-linked immunosorbent assays.
Macrophage infiltration and apoptosis in adipose
tissues were detected through F4/80 immunohisto-
chemistry and the terminal deoxynucleotidyl trans-
ferase dUTP nick end labeling (TUNEL) assay. Islet
morphology and β-cell apoptosis were investigat-
ed using double immunofluorescence staining and
the TUNEL assay. The expression of cytokine genes
in adipose tissue, the liver, and the pancreas was
detected in real-time polymerase chain reaction as-
says. The expression and phosphorylation levels of
insulin signaling-, inflammation-, and β-cell surviv-
al-related proteins in the liver and pancreas of
SHR-cp rats were detected by western blotting.

RESULTS: TNK (3.24 g/kg) treatment significantly
decreased body weight, FBG and FINS; improved
impaired glucose tolerance; increased the ISI; re-
duced serum levels of TNF-α, CRP and IL-6; and in-
creased serum adiponectin. The mRNA expression
of inflammatory markers was markedly reduced in
the liver, pancreas, and adipose tissue. F4/80- and
TUNEL-positive cells in adipose tissues were de-
creased, as was the number of TUNEL-positive
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β-cells. The phosphorylation of c-Jun N-terminal ki-
nase and that of insulin receptor substrate-1 at
serines 307 and 1101 was significantly decreased.
In the pancreas, the expression of nuclear factor
kappa-light chain-enhancer of activated B cells-p65
was significantly decreased, and phosphoinositide
3-kinase and IRS-2 were significantly increased.

CONCLUSION: TNK was able to improve insulin re-
sistance and β-cell apoptosis in SHR-cp rats, which
might be associated with its ability to relieve the
overall and local metabolic inflammatory respons-
es observed in SHR-cp rats.
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INTRODUCTION
The interaction between insulin resistance and meta-
bolic inflammation promotes the occurrence and devel-
opment of type 2 diabetes and represents a major path-
ological basis for the development of many metabolic
disorders, such as metabolic syndrome, atherosclerosis,
and coronary heart disease. Metabolic inflammation is
a bridge connecting obesity and insulin resistance.1 Adi-
pose tissue expansion induced by excessive energy in-
take causes the release of adipose inflammatory factors,
such as interleukin (IL)-6 and tumor necrosis factor
(TNF)-α, to activate inflammation pathways that inter-
fere with the transduction of insulin signals and induce
insulin resistance and β-cell apoptosis. In addition,
macrophage aggregation and infiltration in adipose tis-
sue in obese individuals further aggravate the inflam-
matory responses in adipose tissue, causing a vicious cy-
cle.2-4 Therefore, anti-inflammatory therapy has become
a focus of current research on the prevention and treat-
ment of insulin resistance-related diseases.
The Chinese medicine Tangnaikang (TNK) is a mix-
ture of extracts from five herbal plants: Xiakucao (Spica
Prunellae Vulgaris), Fanshiliuye (Psidium guajava),
Nüzhenzi (Fructus Ligustri Lucidi), Sanbaicao (Herba
Saururi), Renshen (Radix Ginseng). Over the years,
these herbs have been widely used for the treatment of
type 2 diabetes. Modern pharmacological studies have
shown that the various components of TNK all exhibit
different degrees of anti-diabetic and anti-inflammato-
ry functions.5-10 TNK has been found to be effective for
improving abnormal glucose metabolism in patients
with impaired fasting glucose (IFG) or glucose intoler-
ance (IGT).11 TNK can reduce blood glucose, improve
insulin resistance, and reduce TNF-α and IL-6 in the
serum and adipose tissue of diabetic animals,12,13 sug-

gesting that TNK may improve insulin resistance and
metabolic inflammation. However, the specific mecha-
nism of its action is still not clear. Therefore, in this
study, spontaneous insulin-resistance diabetic SHR.
Cg-Leprcp/NDmcr (SHR-cp) rats were used to further
investigate the effects and mechanism of action of
TNK in inflammation-mediated insulin resistance and
β-cell apoptosis.

MATERIALS AND METHODS

Preparation of TNK
TNK is composed of iakucao (Spica Prunellae Vulgar-
is), Fanshiliuye (Psidium Guajava), Nüzhenzi (Fructus Li-
gustri Lucidi), Sanbaicao (Herba Saururi), Renshen (Ra-
dix Ginseng), prepared in a proportion of 4∶4∶2∶2∶1.
All herbal drugs were purchased from the Shenyang
Pharmaceutical Group Corporation (Shenyang, China)
and authenticated according to the Pharmacopoeia of
the People's Republic of China (2000 ed). The first
four plants were mixed and extracted twice by reflux-
ing with 75% (v/v) ethanol (1∶8 w/v) for 1 h, and the
obtained solution was concentrated to an ethanol ex-
tract, with a recovery rate of 13.83%. The resultant res-
idue was decocted twice with water (1∶6 w/v) for 1 h,
and this solution was then concentrated to a water ex-
tract, with a recovery rate of 5.49% . Renshen (Radix
Ginseng) was dried by baking at 60 ℃ for 4 h and sub-
sequently crushed to yield a fine powder [(150 ± 7) μm].
Finally, all components were homogenously mixed in
the following weight ratio: ethanol extract/water ex-
tract/Radix Ginseng fine power/excipients (25/10/15/
10), to produce dried granules. The entire process was
performed by the Sichuan Medco Pharmaceutical Lim-
ited Corporation (Deyang, China). Spectrophotometry
analysis showed that the contents of total flavonoids,
triterpenoid saponin and triterpene acids in the etha-
nol extract were 4.23%, 3.67%, and 1.99%, respective-
ly, whereas for the water extract, the content of total
polysaccharides was 5.83% . High-performance liquid
chromatography (HPLC) analysis revealed that the
concentrations of Rg1, Re, Rb1 and rosmarinic acid in
TNK were 0.09%, 0.12%, 0.10%, and 0.55%, respec-
tively.14

Animals
Male SHR-cp rats (SLC, Inc., Shizuoka, Japan) at an
age of 7 weeks, with a body weight of 195-217 g,
were used in the experiments, along with 7-week-old
male Wistar Kyoto (WKY) rats (SLC, Inc., Shizuoka,
Japan), with a body weight of 148-170 g. The ani-
mals were housed in specific pathogen free animal
rooms at Mukogawa Women's University. All animal
protocols conformed to the Guidelines for the Care
and Use of Laboratory Animals approved by the Ani-
mal Care and Use Committee of Mukogawa Wom-
en's University.
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