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Objectives. This study aimed to investigate the antihypertensive effects of an Eisenia fetida extract (EFE) and its possible mechanisms
in spontaneously hypertensive rats (SHR rats). Methods. Sixteen-week-old SHR rats and Wistar-Kyoto rats (WKY rats) were used in
this study. Rats were, respectively, given EFE (EFE group), captopril (captopril group), or phosphate-buffered saline (PBS) (normal
control group and SHR group) for 4 weeks. ACE inhibitory activity of EFE in vitro was determined. The systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were measured using a Rat Tail-Cuft Blood Pressure System. Levels of angiotensin II (Ang
II), aldosterone (Ald), and 6-keto-prostaglandin F1 alpha (6-keto-PGF,,) in plasma were determined by radioimmunoassay, and
serum nitric oxide (NO) concentration was measured by Griess reagent systems. Results. EFE had marked ACE inhibitory activity
in vitro (IC,, = 2.5 mg/mL). After the 4-week drug management, SHR rats in EFE group and in captopril group had lower SBP and
DBP, lower levels of Ang IT and Ald, and higher levels of 6-keto-PGF,, and NO than the SHR rats in SHR group. Conclusion. These

results indicate that EFE has hypotensive effects in SHR rats and its effects might be associated with its ACE inhibitory activity.

1. Introduction

Hypertension, an age related chronic disease affecting mil-
lions of people worldwide, is a crucial risk factor for myocar-
dial infarction, heart failure, stroke, and renal damage [1,
2]. The agents used to treat hypertension in clinic include
diuretics, calcium channel blockers, beta adrenergic antago-
nists, angiotensin-converting enzyme (ACE) inhibitors, and
angiotensin II type I receptor antagonists [3]. Besides the
hypotensive effects, some of these agents, such as ACE
inhibitors, have beneficial effects on hypertensive damage of
cardiovascular organs including blood vessels, kidney, and
heart [4, 5].

The renin-angiotensin system (RAS), both the circulat-
ing RAS and renal RAS, plays an important role in the
development and progress of hypertension and hypertensive
damage of cardiovascular organs [6]. Renin, a substance
released mainly from the kidney, cleaves angiotensinogen
at the N-terminus to form Ang I [7, 8]. Ang I is rapidly

converted into Ang II by angiotensin-converting enzyme
(ACE) which is located on endothelial cells and on mem-
branes of various other cells [9]. Although there are several
bioactive angiotensin peptides, such as Ang I, Ang II, Ang
III, Ang IV, and Ang 1-7, Ang II is the major effector of
RAS system. Ang II can constrict vascular smooth muscle,
promote aldosterone production, stimulate catecholamines
release, regulate sodium transport in kidney, and exacerbate
the remodeling of cardiovascular organs [10, 11]. It has
been shown that inhibition of the production of Ang II by
ACE inhibitors can produce strong hypotensive effects and
protective effects on cardiovascular organs [4, 12]. Recently,
efforts have been made to find new drugs that possess ACE
inhibitory activity [13-15].

Extracting biologically active compounds from tradi-
tional herbs is one of the methods obtaining new active drugs.
Some traditional Chinese drugs are believed to have benefi-
cial effects on cardiovascular disease and some of them are
used to treat hypertension in clinic [16-19]. Antihypertensive
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agents, decreasing blood pressure via various mechanisms,
have recently been isolated from many traditional herb drugs
[20-22], and some of them have been shown to have ACE
inhibitory activity [23].

The clinical application of traditional medicine earth-
worm such as Lumbricus rubellus, Eisenia fetida, and Lumbri-
cus bimastus and compounds extracted from such earthworm
species has been well documented. Such species and their
extracted compounds have been reported to have various
pharmacological effects including cardiovascular protection
(24, 31-34]. For example, Lai et al. [25] reported that lum-
brokinase extracted from earthworm ameliorated second-
hand smoke-induced cardiac fibrosis; Lee et al. [26] found
SPP-501, a novel proteinase fraction purified from the earth-
worm, showed both antithrombotic and fibrinolytic activities
when orally administered in venous thrombosis model rats.
However, less is known about the effects of earthworm and its
extracts on blood pressure and RAS system. Thus, this study
was undertaken to investigate the effects on blood pressure
and RAS system in SHR rats.

2. Materials and Methods

2.1. Animals. Sixteen-week-old male SHR rats and WKY rats
(weighing 180-210 g) were purchased from Shanghai SLAC
Laboratory Animal Company (China). Every 5 rats were
housed in standard cages with controlled temperature (25 +
2°C) and a12:12 h light/dark cycle. The rats were fed a regular
chow diet and provided with free access to food and water.
The experiments were conducted strictly in accordance with
the national guidelines for the care and use of laboratory
animals. All the protocols involving animals in the study
were approved by the Committee on the Ethics of Animal
Experiments of Weifang Medical University and efforts were
made to minimize the animal’s suffering. Twenty-seven SHR
rats were randomly divided into SHR group, EFE group, and
captopril group (9 rats in each group); 9 WKY rats served as
normal control group.

2.2. Preparation of Extract. We obtained an extract from
Eisenia fetida, a species of earthworm, by gel-filteration chro-
matography. Briefly, Eisenia fetida was washed and homog-
enized in purified water. The Eisenia fetida homogenate was
centrifuged, and the supernatant was collected and stored at
minus 80°C for further purification. EFE was extracted from
the supernatant by gel-filtration chromatography (Sephadex
G-50) using Amersham AKTA Purifier 100 (Amersham
Company, Sweden), freeze-dried using a freeze-dry machine
under vacuum at minus 45°C, and stored at minus 20°C.

2.3. Evaluation of ACE Inhibitory Activity In Vitro. ACE
inhibitory activity of EFE in vitro was determined according
to previously described methods of Cushman and Cheung
[27] modified by Sato et al. [28]. Briefly, 20 yuL sample
solution was mixed with 150 yL Hippuryl-His-Leu (7.6 mM)
in 50mM sodium borate buffer. Fifty microliters of ACE
solution (25mU/mL, dissolved in 50 mM sodium borate
buffer) was added to the above mixed solution. Then 250 uL
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IMHCI was added to the mixture to stop the reaction
after the incubation at 37°C for 30 min. Subsequently, 2 mL
of ethyl acetate was added to extract hippuric acid. After
centrifugation at 3000 rpm for 15min, 0.5mL supernatant
was collected into a glass tube and dried for 2h at 30°C. The
absorbance of the freshly extracted hippuric acid (redissolved
in 3mL distilled water) was measured at 228 nm with a
UV spectrophotometer (Shimadzu, Japan) and the ACE
inhibitory activity was calculated.

2.4. Drug Treatment. The freshly prepared EFE solution
(dissolved in PBS) was daily given to the SHR rats in EFE
group by intraperitoneal injection at the dose of 400 mg/kg
body weight for 4 weeks. SHR rats in captopril group were
daily given captopril (50 mg/kg body weight, dissolved in
PBS) by intragastric administration for 4 weeks. The SHR rats
in the SHR group and WKY rats only received intraperitoneal
injection of PBS.

2.5. Blood Pressure Measurement. Before and after the 4
weeks of treatment, SBP and DBP of the animals were
measured by a tail-cuff technique using a noninvasive blood
pressure measurement system (Chengdu TME Technology
Company, China). Before the measurement, rats were kept in
a warm box (37°C) for 5 min. SBP and DBP were determined
3 times blind to the randomization sequence on each time
point and the mean values were used as the result.

2.6. Immunoradiometric Assay of Ang II, Ald, and 6-Keto-
PGF,,. Rats were anesthetized and blood samples were
collected from the left carotid artery. Blood samples for
determinations of circulating Ang II, Ald, and 6-keto-PGF,,
were collected into tubes containing disodium EDTA and
protease inhibitors; subsequently samples were centrifuged
at 3000 rpm for 10 min at 4°C and the collected plasma was
stored at minus 20°C for further determinations. Concen-
trations of circulating Ang II, Ald, and 6-keto-PGF,, were
measured by commercial radioimmunoassay kits (Beijing
North Institute of Biological Technology Company, China)
following the company’s protocol.

2.7. NO Assay. Blood samples for determinations of serum
NO concentrations were collected into tubes without dis-
odium EDTA and centrifuged at 3000 rpm for 10 min at 4°C.
Serum NO determination was measured using Griess reagent
systems, as previously described [29].

2.8. Statistical Analysis. Data of SBP and DBP and concen-
trations of circulating Ang II, Ald, 6-keto-PGF,,, and NO
were expressed as mean + SD and analyzed using SPSS13.0. A
one-way analysis of variance (ANOVA) followed by Student-
Newman-Keuls (SNK) test was used to examine differences
between groups. P value less than 0.05 was used as a criterion
for statistical significance.

3. Results

3.1. ACE Inhibitory Activity of the Earthworm Extract. ACE
inhibitory activity was expressed as ICs,. The ICs, value
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was defined as the concentration of inhibitor required to
inhibit 50% of ACE activity under the assayed conditions.
In this study, the extract from earthworm has an IC,, value
of 2.5mg/mL, which meant it had a certain degree of ACE
inhibitory activity in vitro.

3.2. Antihypertensive Effects. In order to investigate the
effects of chronic EFE administration on blood pressure in
SHR rats, we measured the basal SBP and DBP before the
initiation of the drug treatment and measured them again
after the 4 weeks of treatment. Prior to the drug treatment,
SHR rats in SHR group, EFE group, and captopril group had
much higher basal SBP and DBP than the WKY rats in the
control group (all P < 0.05), while no marked differences
in SBP and DBP were found between the 3 groups of SHR
rats (all P > 0.05). Following the 4 weeks of treatment,
SHR rats in SHR group and WKY rats in the control group
treated with PBS showed no marked reduction of SBP and
DBP if compared to their basal blood pressure (all P > 0.05);
however, SHR rats in the EFE group and captopril group
showed significant lower SBP and DBP than those of the
SHR group and their respective basal levels (all P < 0.05);
moreover, their SBP and DBP were similar to those of the
WKY rats in the control group (all P > 0.05) (shown in
Figures 1 and 2).

3.3. Concentrations of Circulating Ang II and Ald Response
to Treatment. Subsequent to the 4 weeks of treatment, con-
centrations of circulating Ang II and Ald were measured by
radioimmunoassay. As shown in Figures 3 and 4, compared to
WKY rats in the control group, PBS treated SHR rats in SHR
group showed markedly higher levels in these two parameters
(both P < 0.05). EFE treated SHR rats had markedly lower
levels of Ang II and Ald than the PBS treated SHR rats (P <
0.05) and their levels of these two parameters were similar to
those of the WKY rats and the captopril treated SHR rats (all
P > 0.05).

3.4. Concentrations of Circulating 6-Keto-PGF,, and NO
Response to Treatment. NO and 6-keto-PGF, , are substances
that can decrease the peripheral vascular resistance, resulting
in reduction in blood pressure. Serum NO concentration
and plasma 6-keto-PGF,, concentration were also measured
after the 4 weeks of treatment; the results are, respectively,
presented in Figures 5 and 6. In contrast to WKY rats,
SHR rats in PBS group had markedly lower concentration
of NO and 6-keto-PGF,, (both P < 0.05). EFE and
captopril treatments both significantly increased NO and 6-
keto-PGF,, levels in SHR rats if compared with the PBS
treated SHR rats (all P > 0.05). Levels of NO and 6-keto-
PGF,, are comparable in EFE group, captopril group, and
control group (all P > 0.05).

4. Discussion

The current study mainly demonstrates the fact that tra-
ditional Chinese medicine earthworm has ACE inhibitory
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FIGURE 1: Systolic blood pressure of the rats. Each bar is the mean +
SD of the systolic blood pressure of each group. Differences between
groups were determined by ANOVA procedure and S-N-K test. *P <

0.05 versus the control group, ®P < 0.05 versus the SHR group, and
P < 0.05 versus the basal blood levels.
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FIGURE 2: Diastolic blood pressure of the rats. Each bar is the mean
+ SD of the diastolic blood pressure of each group. Differences
between groups were determined by ANOVA procedure and S-N-
K test. *P < 0.05 versus the control group, ®P < 0.05 versus the SHR
group, and “P < 0.05 versus the basal blood levels.

active ingredient, and the extract (EFE) from earthworm has
hypotensive effects in SHR rats.

As 0f 2000, nearly one billion people or about 26% of the
adult population of the world had hypertension [30], which
puts a large number of people at the risk of hypertensive
heart disease, coronary artery disease, stroke, aneurysms of
the arteries, peripheral arterial disease, and chronic kidney
disease. Drug treatment is often necessary in people for
whom lifestyle changes are not enough or not effective.
Besides aiming at decreasing blood pressure, cardiovascular
remodeling should be taken into account when using drugs.
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FIGURE 3: Concentrations of Ang II in plasma rats. Each bar is the
mean + SD of concentration of circulating Ang II in each group.
Differences between groups were determined by ANOVA procedure
and $-N-K test. * P < 0.05 versus the control group, °P < 0.05 versus

the SHR group.
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F1GURE 4: Concentrations of Ald in plasma rats. Each bar is the mean
+ SD of concentration of circulating Ald in each group. Differences
between groups were determined by ANOVA procedure and S-N-K
test. P < 0.05 versus the control group, *P < 0.05 versus the SHR

group.

Among several classes of medications currently available for
treating hypertension, ACEI is supposed to have beneficial
effects on both blood pressure and cardiovascular remodeling
[4, 5], which significantly lowers the risk of hypertensive
complications and prolongs patients’ lifetime.

Some biologically active compounds were recently iso-
lated from various traditional herb drugs and have been
shown to have ACE inhibitory activity [13-15]. Earthworm,
which is also called Dilong in China, has long been used
as a traditional medicine. It contains lots of compounds
with potential medicinal properties and has been used to
treat inflammation, arteriosclerosis [24], thrombus [31], heart
diseases [25, 32], nerve disease [33], and asthma [34] in
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FIGURE 5: Concentrations of 6-keto-PGF,, in plasma rats. Each
bar is the mean + SD of concentration of circulating 6-keto-PGF,,
in each group. Differences between groups were determined by
ANOVA procedure and S-N-K test. *P < 0.05 versus the control
group, ®p < 0.05 versus the SHR group.
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FIGURE 6: Concentrations of NO in serum of rats. Each bar is the
mean + SD of concentration of NO in each group. Differences
between groups were determined by ANOVA procedure and S-N-
K test. *P < 0.05 versus the control group, ®p < 0.05 versus the SHR

group.

clinical and animal studies. However, less is known about
the effects of earthworm and its extracts on blood pressure
and RAS system. In the current study, we obtained an
extract from Eisenia fetida by gel-filtration chromatography
and determined its ACE inhibitory activity in vitro. The
results showed this extract had an ICs, value of 2.5 mg/mL,
which means it has a certain degree of ACE inhibitory
activity. ACE is a dipeptide-liberating exopeptidase which
can remove a dipeptide from C-terminus of angiotensin I to
form angiotensin II.

In order to investigate whether the extract has effects in
RAS system in vivo, we administrated it to SHR rats and
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determined the circulating Ang II levels by radioimmunoas-
say. Results showed SHR rats had markedly higher circulating
Ang I levels than the WKY rats, while EFE treated SHR rats
had markedly lower levels of Ang II than the PBS treated
SHR rats. The results suggested that the extract also exerted
inhibitory activity on RAS system in vivo. It is well known that
Ang II is the most potent substance in RAS system and plays
a crucial role in the pathophysiology hypertension. Manage-
ment targeted at inhibition of Ang II production by ACEI has
been shown to have various beneficial effects on hypertensive
animals and patients [35, 36]. So we suppose that inhibition
of Ang II production with the extract from earthworm should
contribute to the recovery of hypertension. Besides the Ang IT
determination, we also measured circulating Ald levels of the
rats by radioimmunoassay. Similarly, the 4-week treatment
with the extract also decreased circulating Ald levels of
SHR rats. Ald is also an important part of the RAS cascade
reactions and contributes to the increase of blood pressure
and cardiovascular remodeling [37, 38]. The decrease in Ald
levels should be beneficial to the control of hypertension in
this study.

Besides converting angiotensin I to angiotensin II, ACE
also can inactivate bradykinin, which would block the
bradykinin induced PGI2 and NO releases. Because PGI2 is
an unstable metabolite of arachidonic acid, it is technically
difficult to measure the accurate circulating PGI2 levels.
As the stable hydrolysate of PGI2, 6-keto-PGF ,, accurately
reflects the concentrations of its precursor, so we measured
the circulating 6-keto-PGF,, levels of the rats by radioim-
munoassay. The result showed SHR rats treated with PBS
had markedly lower circulating 6-keto-PGF,, levels than
the WKY rats, while EFE treated SHR rats had markedly
higher levels of 6-keto-PGF,, than the PBS treated SHR
rats. The results suggested that the extract could increase
PGI2 production in vivo. PGI2 is a prostaglandin member
of the family of lipid molecules known as eicosanoids.
Besides its action of vasodilation, it also has antiproliferative,
antithrombotic, and anti-inflammatory effects. Management
targeted to increase PGI2 production has been reported to
be beneficial for hypertensive control [39]. So we speculate
that, in the current study, the increased PGI2 production
induced by the administration of the extract from earthworm
should contribute to antihypertensive effects. Serum NO
concentrations levels of the rats were also measured. Similar
to the tendency of 6-keto-PGF, ,, the extract from earthworm
significantly evaluated serum NO concentrations of the SHR
rats. Since NO is a very potent vasodilator, the evaluated NO
should lead to the dilation of the blood vessels which would
result in the decrease of blood pressure.

In addition to the detection of above vasoactive sub-
stances in vivo, we also directly observed the effects of the
extract on SBP and DBP of the rats. Following the 4 weeks
of treatment, SHR rats in SHR group and WKY rats in the
control group treated with PBS showed no marked reduction
of SBP and DBP if compared to their basal blood pressure;
however, SHR rats in the EFE group and captopril group
showed significant lower SBP and DBP than those of the SHR
group and their respective basal levels; moreover, their SBP
and DBP were similar to those of the WKY rats in the control

group. The results suggested that the extract had a potent
hypotensive effect in SHR rats.

We conclude that the extract from earthworm has ACE
inhibitory activity in vitro and hypotensive effects in vivo. It
can inhibit the levels of circulating Ang IT and Ald, as well
as promoting the 6-keto-PGF,, and NO productions in SHR
rats. Further study is needed to investigate beneficial effects of
the extract on hypertensive damage of cardiovascular organs.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

This work was supported by grants from Shandong Provincial
Natural Science Foundation (ZR2009CL045, ZR2011HL066,
ZR2013CM033, and ZR2015CL029), Shandong Provincial
Education Department of Shandong Province (J15LL54), and
Administration of Traditional Chinese Medicine of Shan-
dong Province (2013-242, 2015-237).

References

[1] T. Takenaka, K. Sueyoshi, J. Arai et al., “Calcium channel
blockers suppress daily variations of blood pressure in hyper-
tensive patients with end-stage renal diseases,” Clinical and
Experimental Hypertension, vol. 36, no. 2, pp. 78-82, 2014.

[2] K. Grabska, G. Gromadzka, and A. Czlonkowska, “Prestroke
antihypertensive therapy: effect on the outcome,” Clinical and
Experimental Hypertension, vol. 35, no. 2, pp. 141-147, 2013.

[3] A.N. Fursov, N. P. Potekhin, E A. Orlov, and E. G. Zakharova,
“Evolution of treatment options for hypertension,” Voenno-
Meditsinskii Zhurnal, vol. 334, no. 7, pp. 26-31, 2013.

[4] M. Briet and E. L. Schiffrin, “Treatment of arterial remodeling
in essential hypertension,” Current Hypertension Reports, vol. 15,
no. 1, pp. 3-9, 2013.

[5] L. C. van Vark, M. Bertrand, K. M. Akkerhuis et al,
“Angiotensin-converting enzyme inhibitors reduce mortality in
hypertension: a meta-analysis of randomized clinical trials of
renin-angiotensin-aldosterone system inhibitors involving 158
998 patients,” European Heart Journal, vol. 33, no. 16, pp. 2088-
2097, 2012.

[6] H. Kobori, M. Nangaku, L. G. Navar, and A. Nishiyama, “The
intrarenal renin-angiotensin system: from physiology to the
pathobiology of hypertension and kidney disease;,” Pharmaco-
logical Reviews, vol. 59, no. 3, pp. 251-287, 2007.

[7] A.Ichihara, H. Kobori, A. Nishiyama, and L. G. Navar, “Renal
renin-angiotensin system,” Contributions to Nephrology, vol.
143, pp. 117-130, 2004.

[8] M. Paul, A. P. Mehr, and R. Kreutz, “Physiology of local renin-
angiotensin systems,” Physiological Reviews, vol. 86, no. 3, pp.
747-803, 2006.

[9] W. W. Schulz, H. K. Hagler, L. M. Buja, and E. G. Erdés, “Ultra-
structural localization of angiotensin I-converting enzyme (EC
3.4.15.1) and neutral metalloendopeptidase (EC 3.4.24.11) in the
proximal tubule of the human kidney;” Laboratory Investigation,
vol. 59, no. 6, pp. 789-797, 1988.



(10]

(11]

(12

(13]

(16]

(17]

(20]

(21]

W. C. De Mello and A. H. J. Danser, “Angiotensin II and the
heart: on the intracrine renin-angiotensin system,” Hyperten-
sion, vol. 35, no. 6, pp.- 1183-1188, 2000.

C. Clarke, M. Flores-Muiioz, C. A. McKinney, G. Milligan,
and S. A. Nicklin, “Regulation of cardiovascular remodeling by
the counter-regulatory axis of the renin-angiotensin system,’
Future Cardiology, vol. 9, no. 1, pp. 23-38, 2013.

S. Katragadda and R. R. Arora, “Role of angiotensin-converting
enzyme inhibitors in vascular modulation: beyond the hyper-
tensive effects,” American Journal of Therapeutics, vol. 17, no. 1,
pp. ell-e23, 2010.

N. Mohamad Ansor, N. Abdullah, and N. Aminudin, “Anti-
angiotensin converting enzyme (ACE) proteins from mycelia
of Ganoderma lucidum (Curtis) P. Karst,” BMC Complementary
and Alternative Medicine, vol. 13, article 256, 2013.

D.-Z. Liu, Y.-C. Liang, S.-Y. Lin et al, “Antihypertensive
activities of a solid-state culture of Taiwanofungus camphoratus
(Chang-Chih) in spontaneously hypertensive rats,” Bioscience,
Biotechnology and Biochemistry, vol. 71, no. 1, pp. 23-30, 2007.

N. Abdullah, S. M. Ismail, N. Aminudin, A. S. Shuib, and B.
E Lau, “Evaluation of selected culinary-medicinal mushrooms
for antioxidant and ACE inhibitory activities,” Evidence-Based
Complementary and Alternative Medicine, vol. 2012, Article ID
464238, 12 pages, 2012.

T. Sun, H. Xu, and F. Xu, “Astragalus injection for hypertensive
renal damage: a systematic review; Evidence-Based Comple-
mentary and Alternative Medicine, vol. 2012, Article ID 929025,
6 pages, 2012.

S. K. Verma, V. Jain, and D. P. Singh, “Effect of Pueraria
tuberosa DC. (Indian Kudzu) on blood pressure, fibrinolysis
and oxidative stress in patients with stage 1 hypertension,’
Pakistan Journal of Biological Sciences, vol. 15, no. 15, pp. 742-
747, 2012.

X. Xiong, X. Yang, Y. Liu, Y. Zhang, P. Wang, and J. Wang,
“Chinese herbal formulas for treating hypertension in tra-
ditional Chinese medicine: perspective of modern science,”
Hypertension Research, vol. 36, no. 7, pp. 570-579, 2013.

Y. Chen, D.-Y. Fu, Y. Chen et al., “Effects of Chinese herbal
medicine Yiqi Huaju Formula on hypertensive patients with
metabolic syndrome: a randomized, placebo-controlled trial,”
Journal of Chinese Integrative Medicine, vol. 11, no. 3, pp. 184-
194, 2013.

N. Midoh, N. Miyazawa, and E. Eguchi, “Effects of a hot-water
extract of porcini (Boletus aestivalis) mushrooms on the blood
pressure and heart rate of spontaneously hypertensive rats,”
Bioscience, Biotechnology and Biochemistry, vol. 77, no. 8, pp.
1769-1772, 2013.

O. S. M. Bopda, E Longo, T. N. Bella et al., “Antihypertensive
activities of the aqueous extract of Kalanchoe pinnata (Crassu-
laceae) in high salt-loaded rats,” Journal of Ethnopharmacology,
vol. 153, no. 2, pp. 400-407, 2014.

X.J. Xiong, W. Liu, X. C. Yang et al., “Ginkgo biloba extract for

essential hypertension: a systemic review,” Phytomedicine, vol.
21, no. 10, pp. 1131-1136, 2014.

S. Ramesar, H. Baijnath, T. Govender, and I. Mackraj,
“Angiotensin I-converting enzyme inhibitor activity of nutritive
plants in KwaZulu-Natal,” Journal of Medicinal Food, vol. 11, no.
2, pp. 331-336, 2008.

X.-F Pan, W. Shao, and G.-H. Chen, “Efficacy observation of
combination of Lumbrukinase Capsule and Probucol Tablet
in treating cerebral infarction patients’ unstable atheromatous

Evidence-Based Complementary and Alternative Medicine

[26]

(27]

(30]

(31]

(33]

(34]

[37]

plaque of the carotid artery,” Zhongguo Zhong Xi Yi Jie He Za
Zhi, vol. 31, pp. 1479-1482, 2011.

C.-H. Lai, C.-K. Han, M. A. Shibu et al., “Lumbrokinase from
earthworm extract ameliorates second-hand smoke-induced
cardiac fibrosis,” Environmental Toxicology, vol. 30, no. 10, pp.
1216-1225, 2015.

C. K. Lee, J. S. Shin, B. S. Kim, I. H. Cho, Y. S. Kim, and E.
B. Lee, “Antithrombotic effects by oral administration of novel
proteinase fraction from earthworm Eisenia andrei on venous
thrombosis model in rats,” Archives of Pharmacal Research, vol.
30, no. 4, pp. 475-480, 2007.

D. W. Cushman and H. S. Cheung, “Spectrophotometric assay
and properties of the angiotensin-converting enzyme of rabbit
lung,” Biochemical Pharmacology, vol. 20, no. 7, pp. 1637-1648,
1971.

Y. Sato, T. Toyoda, A. Shimizu-Ibuka et al., “Novel angiotensin I-
converting enzyme inhibitory peptides found in a thermolysin-
treated elastin with antihypertensive activity, Bioscience,
Biotechnology and Biochemistry, vol. 76, no. 7, pp. 1329-1333,
2012.

M. Khazaei and B. Barmaki, “Role of exogenous nitric oxide
donor in treatment of decompensated hemorrhagic shock in
normotensive and hypertensive rats,” Journal of Biomedicine
and Biotechnology, vol. 2012, Article ID 365195, 6 pages, 2012.

P. M. Kearney, M. Whelton, K. Reynolds, P. Muntner, P. K.
Whelton, and J. He, “Global burden of hypertension: analysis
of worldwide data,” The Lancet, vol. 365, no. 9455, pp. 217-223,
2005.

K. Y. Wang, L. Tull, E. Cooper, N. Wang, and D. Liu, “Recom-
binant protein production of earthworm lumbrokinase for
potential antithrombotic application,” Evidence-Based Comple-
mentary and Alternative Medicine, vol. 2013, Article ID 783971,
8 pages, 2013.

M. Kasim, A. A. Kiat, M. S. Rohman, Y. Hanifah, and H. Kiat,
“Improved myocardial perfusion in stable angina pectoris by
oral lumbrokinase: a pilot study,” Journal of Alternative and
Complementary Medicine, vol. 15, no. 5, pp. 539-544, 2009.

C.-H. Liu, Y.-W. Lin, N.-Y. Tang, H.-J. Liu, C.-Y. Huang, and C.-
L. Hsieh, “Effect of oral administration of Pheretima aspergillum
(earthworm) in rats with cerebral infarction induced by middle-
cerebral artery occlusion,” African Journal of Traditional, Com-
plementary and Alternative Medicines, vol. 10, no. 1, pp. 66-82,
2012.

X.-H. Li, D.-X. Zhang, J.-E Xu et al.,, “Effect of earthworm
decoction on airway inflammation of bronchial asthma in
guinea pigs,” Zhongguo Zhong Yao Za Zhi, vol. 32, no. 14, pp.
1445-1448, 2007.

X.-P. Liu, Y.-J. Pang, W.-W. Zhu et al, “Benazepril, an
angiotensin-converting enzyme inhibitor, alleviates renal injury
in spontaneously hypertensive rats by inhibiting advanced
glycation end-product-mediated pathways,” Clinical and Exper-
imental Pharmacology and Physiology, vol. 36, no. 3, pp. 287-
296, 2009.

H. H. Zreikat, S. E. Harpe, P. W. Slattum, D. P. Mays, P. A. Essah,
and K. I. Cheang, “Effect of renin-angiotensin system inhibition
on cardiovascular events in older hypertensive patients with
metabolic syndrome,” Metabolism, vol. 63, no. 3, pp. 392-399,
2014.

D. Pruthi, A. Mccurley, M. Aronovitz, C. Galayda, S. A.
Karumanchi, and I. Z. Jaffe, “Aldosterone promotes vascular



Evidence-Based Complementary and Alternative Medicine

(38]

(39]

remodeling by direct effects on smooth muscle cell mineralo-
corticoid receptors,” Arteriosclerosis, Thrombosis, and Vascular
Biology, vol. 34, no. 2, pp. 355-364, 2014.

V. Xanthakis and R. S. Vasan, “Aldosterone and the risk of
hypertension,” Current Hypertension Reports, vol. 15, no. 2, pp.
102-107, 2013.

L. Fernandes, Z. B. Fortes, D. E. Casarini et al., “Role of PGI,
and effects of ACE inhibition on the bradykinin potentiation
by angiotensin-(1-7) in resistance vessels of SHR,” Regulatory
Peptides, vol. 127, no. 1-3, pp. 183-189, 2005.



