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Abstract Atherosclerosis is a consequence of inflammation and excess of oxidative stress. High level of IL-17 and
leucocytes are considered as the risk of rupture of plaque, thrombus, and embolism due to the acceleration of blood vessels
lession and blockage Bamboo shoots apus possesses antioxidant content and it possibly inhibits the atheroslerosis progress.
The purpose of this study was to prove the influence of bamboo shoot extract to decrease interleukin 17 and leucocyte count
in New Zealand White rabbit with atherogenic diet. This research used 1-2 weeks freeze dried apus bamboo shoot extract and
administered in New Zealand White rabbit. The atherogenic diet consisted of standard feed added by 0.5% egg yolk and 5%
pork oil. This research used Randomized pre and post-test with control group design by dividing (jumlah kelinci) rabbits into
4 groups. The results showed that there was a significant difference of IL-17 levels between treatments and all groups had
decreased levels of IL-17 except in the positive control group that increased by 57.1% and the highest decrease occurred in
treatment group 3 which was 65.4%. There was a significant difference in the number of absolute leukocytes between
treatments (p = 0.001). The increase of absolute leukocyte count of positive control group with treatment group 1, 2 and 3 was
significantly different (p = 0.0001). In conclusion, bamboo shoot extract is able to decrease interleukin 17 level and absolute

leukocyte count.

Keywords Bamboo shoot, Bamboo shoot extract, IL-17, Leukocytes

1. Preliminary

Atherosclerosis is the most common cause of coronary
artery disease, carotid artery disease, peripheral artery
disease and is the global major cause of death.
Atherosclerosis is a progressive disease, progressing slowly
but surely and increasing by 3 percent annually in the age of
20 (Nurahmi, et.al 2016). Heart disease and blood vessels,
which lead to atherosclerosis as the cause of death in
Indonesia, raised from 5.1% to 8.7% in the age range 45-54
years and the increased incidence of atherosclerosis in
patients aged more than 40 years is 17-40% (Indonesia DKR,
2010).

Atherosclerosis is the consequence from multiple factors,
including inflammatory processes and oxidative stress.
Endothelial dysfunction, caused by ox-LDL, and
inflammatory processes, resulting in activation of monocyte
migration into the intima, leading to atherosclerosis
(Li D, 2005). The occurrence of inflammatory processes in
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atherosclerosis is related to the role of cytokines and
leukocytes. High levels of IL-17 in the vascular worsen the
stability of atherosclerotic plaques bylesions formation.
These lessions in turn promote plaque rupture (Hashmi,
2006). One of the indicators in initiation and the onset of
integrated atherosclerosis from acute and chronic
inflammatory responses is an increase of leukocytes number
(Lee D.C et.al. 2001). An elevated circulating leukocytes
may increase blood vessel blockage and increase risk of
plaque rupture which result in thrombus and emboli ending
with myocardial necrosis (Homenta et al. 2009).

In the world of health is currently being intensified the
concept of "food as medicine" and well known as functional
food which overcome the disease. Functional food
ingredients are expected to inhibit the progression of
atherosclerosis due to its antioxidant content. Several
ingredients which contribute as an inflammatory process in
atherosclerosis, which is a vitamin E, pholipenol, plavonoid,
vitexin and orientin, palmitic acid, curcumene, limonene,
toluene, naphthalene, 1,3,5-trimethyl benzene, (Lu B. Et.al.
2010). Other antioxidant compounds present in bamboo
are vitamin A, thiamin, riboflavin, vitamin C, curcumin
(Choudhury D, 2010). The purpose of this study was to prove
the influence of bamboo shoot extract to decrease interleukin
17 and leucocyte count in New Zealand White rabbit with
atherogenic diet.
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2. Materials and Methods

The bamboo shoot aged 1-2 weeks was gained from
Banyumeneng village, Mranggen district. The bamboo shoot
was extracted by freeze dried method using ethanol 90%
(Soesanto E, 2016). The standard feed for rabbits used was
Feed Premium rabbit produced byPT Cargill Indonesiaand
has nutritional content per 100 gr: 5% fat, 18% protein, crude
fiber 14%, 1% calcium, 0.8% phosphorus, ash 12% and
water 12%. The diet was given maximum 5% of the rabbit's
weight and beverages weregiven maximum 10% of the
rabbit's weight.

The atherogenic diet used was standard diet added by
0.5% egg yolk and 5% pork oil (Soesanto, E. 2017).
Cholesterol flour is made from egg yolks dried oven at 60 °C
for 24 hours to dry and blend until smooth. The experimental
animal used was 4-month-old New Zealand White rabbit
weighed between 2000-2500 grams, and male sex. Standard
diet as well as atherogenic dietwere provided as much as 100
grams / day / tail and ad libitum water. Absolute leukocyte
examinedfrom whole blood plus EDTA and analyzed by
Hematology Analyzer while IL-17 was assessed using

quantitative sandwich enzyme immunoassay technique
which was conducted at Integrated Research and Testing
Laboratory (LPPT) Gajah Mada University Yogyakarta.
This research used pure experimental, Randomized pre and
post-test design with control group design which have got
approval from Health Research Ethics Commission FK
UNDIP and Dr. Kariadi Semarang no. 23 / EC / H /
FK-RSDK / 2017 dated May 22, 2017. This study used 24
rabbits which were divided into 4 groups ie control group:the
group given Atherogenik diet, treatment group I, II and III
respectively were given Atherogenik diet plus bamboo shoot
extract with concentration 130 mg / kg Weight, 260 mg / kg
Weight, and 520 mg / kg Body Weight.

3. Result and Discussion

The mean of IL-17 level of all samples before treatment
was 281.7 £ 130.14 pg / mL with a range of 124.8-570.5 pg /
mL, while the mean of IL-17 concentration of all samples
after treatment was 166.3 + 98.53 pg / mL with a hose
between 51.2-496,7 pg / mL.

Table 1. Mean of IL-17 Level (pg/mL)
No Treatment K (#) P1 P2 P3 p'
Before 179,8 £ 71.77% 227,0+61.83" 271,8+100.31* 448+97.65° 0.0001
2 After 282,5£107.78" 124,2+51.64° 103,6+59.26" 155£60.50" 0.003
3 Deviation A 102,7447.73° -102,8+17.74° -168,3+43.72° -293,1+441.81° 0.0001

'The p value of the Anova test results on the same line

® The same letter in a line indicates that there is a significant difference between treatments (Anova test, p <0.05).

In the initial sample (pre-test), the average of IL-17 level
was significantly different between groups (p=0.0001). The
delta showed that there was a significant difference between
the groups (p=0.0001).

Post-hoc LSD test showed that the mean change of rabbit
IL-17 level (adjusted) in the positive control group was
significantly different from the treatment group I, I, and III
(p=0.001; p=0.0001; p=0.007 respectively). The mean
change of the largest IL-17 level was 177.24 pg / mL and the
smallest was -441.51 pg / mL. Changes in IL-17 levels
between the positive control group and the treatment group
were significantly different (p = 0.0001), and between
treatment groups and other treatment groups there was also a
significant difference (p <0.05 Table 1 shows that all groups
experienced a decrease in IL-17 levels with the highest
decrease by 65.4% in group treatment 111, while the positive
control group had an increase of IL-17 by 57.1%. Thus this
research can prove that there is a decrease of IL-17 level after
bamboo shoot extract tretament in various doses, the higher
dosage of bamboo shoot extractwas related to decrease level
IL-17 in the blood (dose effect relationship). Interleukin-17
is produced by T cells, macrophages, CD8 + T cells, mast
cells, neutrophils, dendritic cells and natural killer cells and
is a proinflammatory cytokine. IL-17 as an inflammatory
mediator is also produced by Th 17 Cells with 1L-23, IL-1,
and IL-21 activations that plays a role in the process of

atherosclerosis (Ciric B. et.al. 2009; Liuzzo G. 2013).
Regular T cells are an important cell in providing protection
against atherosclerosis through the production of IL-10 as
well as controlling pro-atherogenic responses by Thl cells
(Taleb, 2009). LSD post-hoc assay in this study showed that
the mean change of IL 17 rabbit level (adjusted) in the
positive control group was significantly different from the
treatment group (p <0.05), all groups experienced a decrease
level of IL 17 except in the positive control group. This study
is consistent with that of Smith and Erbel that by blocking
IL-17 in rat apoE / mouse successfully decreased the
incidence of atherosclerosis (Erbel C. Et.al, 2009; Smith E.
Et.al, 2010).

Atheroschlerosis, IL-17 plays a role in plaque formation
through extravasation adhesion, cell activation, T cell
proliferation, triggering the formation of MMP 9 (Matrix
Metalloproteinase -9). IL-17 has a proatherogenic effect by
inducing the production of cytokines, chemokines, and
matrix metalloproteinases (Chen S, 2010). In addition,
Th17's response is against vascular inflammation and the
development of atherosclerosis. Similarly, the deficiency
of SOCS3 in T cells leads to IL-17 reduction in the
development of lesions and vascular inflammation by
increasing the production of IL-17 and IL-10, as well as by
inducing the anti-inflammatory macrophage phenotype.

IL-17 is generally a proinflammatory cytokine, IL-17 and
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IL-17F are primarily bound to IL-17RA and IL-17 RC in
epithelial, endothelial vascular, and fibroblast cells. Then
include nuclear factor (NF) kB and activated Mitogen
activated protein kinese (MAPKSs). Finally, the induced
receptor cell expresses a variety of proinflammatory
mediator types such as TNF, IL-1, IL-6, chemokines (CXCIl1,
IL-8, CCL-2), MMP (MMP-1, MMP-3, MMP-9) and
C-reactive protein (CRP), causing inflammatory cell
adhesion and retrieval of neutrophils, T cells, macrophages,
and other types of cells at local inflammatory sites (Gaffen
SL, 2009). IL-17 plays a role in the progression of
inflammation and considers as a host defense against
bacterial infections and also maintains the stability of
atherosclerotic plaques and their complications (Iwakura Y.
et.al, 2011). Interleukin-17 has the potential to cause the
incidence of acute coronary syndromes through 3 pathways,
ie 1) in macrophages, produced cytokines / chemokines, and
foam cell formation; 2) in smooth muscle cells also produced
chemokines and proliferation; and 3) in endothelial cells also
occurring chemokine secretion, adhesion molecule
up-regulation, and leukocyte adhesion (Chen S. et.al, 2010).
IL-17 stimulates proinflammatory mediators from various
cells including IL-6 and IL-8 production of stromal cells.
The attachment of IL-17 to receptors increases Ca2 + influx,
decreases cAMP levels, mitogen activation by protein kinase,
and stimulation of NF-kB activation. The IL-17 family has
no implications for atherogenesis, but the proinflammatory
effects on macrophages, endothelial IL-2 stimulation, also
IL-17F, IL-17 production by T cells and the extent of IL-17
receptor expression make this interleukin family potential as
proatherogenic causing the syndrome coronary acute.

IL-17 acts as a proinflammatory mediator through some
mechanisms including: stimulation of the production of
other proinflammatory mediators (cytokines), such as:
TNF-o, IL-1, and IL-6 and chemokines CXCL1 and
CXCL2; stimulating the production of ICAM-1 adhesion
molecules; stimulation and production of C-reactive protein
and nitric oxide. IL-17 also stimulates chemotactic
neutrophils and monocytes to inflammation sites through
the induction of chemotactic mediators such as IL-8,
MCP-1, and growth protein. IL-17 is currently found in

human plaques, but the presence of these cells is often
concomitant IFN vy. IL-17 depicts the presence of
macrophage activation in atherosclerotic lesions inducing
systemic IL-17 with local effects on blood vessel walls.
Systemic activation of macrophages by IL-17 contributes to
the progression of lesions by releasing proteolytic factors.
The production of vascular IL-17 appears to worsen
pro-atherogenic conditions. High levels of vascular IL-17
produce a proinflammatory environment that promotes the
growth of vascular atherosclerotic disease. Inhibition of
IL-17A reduces the area of atherosclerotic lesions and
induced plaque stability. Production of IL-17 by activated T
cells and its expression on IL-17 receptors, makes the IL-17
family potential as pro-atherogenic.

Antioxidants in bamboo shoots by cutting the oxidation
reaction chain from free radicals or by capturing free radical
(free radical scavenger). As a result, free radicals will not
react with cellular components (Hashmi S, 2000).
Flavonoids in bamboo shoots contributes to decline the
amount of monocyte as a part of foam cell formation by
alleviating the expression of Vascular Cell Adhesion
Molecule-1 (VCAM-1) and Monocyte
ChemotacticProtein-1 (MCP-1). Flavonoid is also capable
of reducing the inflammatory process by inhibiting the
release of pro-inflammatory cytokines as well as reducing
platelet aggregation. Thus, the application of bamboo shoot
bamboo shoot extract will decrease the levels of IL-17 in
the blood, the higher the dose of bamboo shoot bamboo
shoot extract will be the decrease of blood-dose effect of
IL-17.

The average number of absolute leukocytes throughout the
sample before treatment was 6722.9 + 1644.22 g / dL with a
range between 3000-8750 gr / dL. The average number of
absolute leukocytes throughout the sample after treatment
was 9993.8 + 2186.63 gr / dL with a hose between
6400-14800 gr / dL. Based on the data in table 2, all groups
experienced an increase of absolute leukocytes and the
highest increase of absolute leukocyte was found in positive
control group that was 119% and the lowest was treatment
group 3 of 21.8%.

Table 2. Average Number of Absolute Leukocytes (gr / dL)

No Treatment K () P1 P2 P3 p'
1 Before 5800 +2296.95°  6458,3£1951.52° 7650+674.54* 6983,3+823.21° 0.293
2 After 12700+2148.49" 9050 + 1974.59" 9716,7+407.02° 8508,3+846.41° 0.001
3 Deviation A 6900+1655.29° 2591,7 £297.35° 2066,7+332.67° 1525 +271.57° 0.0001

"The p value of the Anova test results on the same line

® The same letter in a row shows no significant difference between treatments (Anova test, p> 0,05).

There was no significant difference (p=0.293) of absolute
leukocytes in the preliminary sample. The result (present in
table 2) shows there was a significant difference of absoulte
leukocytes in the end of study between the groups (p=0.001)
The post-hoc LSD test showed that the mean increase of
absolute leukocyte count (adjusted) in the positive control
group was significantly different with the treatment group I,

IL, II (p=0,001; p=0.004; p=0.0001 respectively).

The largest increase in absolute leukocyte count was 6900
g / dL and the smallest was 1525 g / dL. The increase of
absolute leukocyte count of positive control group with
treatment group 1, 2 and 3 was significantly different (p =
0.0001), and between treatment group 1 and treatment group
3 there was significant difference (p = 0,028), trend of
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increasing absolute leukocyte the highest occurred in the
control group. Thus this study can prove that there is a
decrease in absolute leukocyte content after administration
of bamboo shoot extract in various doses. Bamboo shoot
extract have an effect on the decrease of absolute leucocyte
content, the higher the dose of bamboo bamboo shoot extract
will decrease the absolute leukocyte level in blood (dose
effect relationship).

Leukocytes are a unit that always moves actively to
protect the immune system, moving into an inflamed area,
thus providing a fast and strong defense against foreign body
attack. Leucocytes tend to aggregate and colonize into small
blood vessels under low blood flow conditions (Guyton,
2015). In this research, the result of one way anova test
followed by post-hoc LSD test showed that the average
increase of absolute leukocyte count of rabbit (adjusted) in
the positive control group was significantly different with
treatment group (p <0.05). Increase in absolute leukocyte
group positive control with treatment group 1, 2 and 3 were
significantly different (p = 0.0001), and between treatment
group 1 and treatment group 3 there was a significant
difference (p = 0.028). Difference highest increase of
absolute leukocyte count in positive control group that is
equal to 6900 + 1655.29 gr / dL or by 118.97% and the
lowest is treatment group 3 equal to 1525 +271.57 gr/ dL or
equal to 21,84%. According to a study conducted by Milas in
2009, the number of normal absolute leucocytes in New
Zealand White male rabbits was in the distribution of
4.2-12.3x109 /L (Poljicak Milas N. et.al, 2009). In this study,
the average increase of absolute leukocyte above normal
only occurs in the control group that is 12.7 x 109 / L
whereas in all treatment groups the absolute leukocyte count
is still in the normal range. An acute increase in absolute
leukocytes may be triggered by infection and other stressor
states while chronic ones may be triggered by persistent
exposure by toxic substances such as hyperlipid foods. An
increase in the number of absolute leukocytes in the body
indicates an inflammatory process, the occurrence of a
vascular injury that affects the process of atherogenesis
which is the development of an atherosclerotic plaque
rupture, and thrombosis (Grzybowski M. et.al, 2004; Wu TH
et.al, 2013).

The high leukocyte count corresponds to the extent of
infarction occurring in the process of atherosclerosis (Rohani
A. etal, 2011). Plaque stabilization is influenced by
leukocytes by secreting myeloperoxidase (MPO). The higher
the activation of leukocytes due to inflammation, the higher
the MPO will be released, thus affecting the plaque
stabilization (Homenta RS et.al, 2009). An increase in the
number of leukocytes results in increased thrombus
formation in ruptured plaque areas resulting in reduced
epicardium blood flow and myocardial perfusion, resulting
in an increase in the number of leukocytes to be a marker of
coagulation hyper or thromboresistance (Barron HV et.al,
2000). In patients with acute myocardial infarction with
leukocytosis has a 10.71 times mortality risk compared to
patients with normal leukocytes (Kurniawan LB, 2015).

Research conducted by Atherosclerosis Risk in communities
study found an association between changes in leukocyte
count and increased incidence of ischemic stroke and death
due to cardiovascular disease (Lee DC. et.al, 2001).

Leukocytes, especially monocytes and neutrophils, trigger
coagulation by releasing granular content and forming
aggregates with platelets to form leucocyte platelet
aggregates. Aggregates or clumps that form can clog the
blood vessel. This is in accordance with the opinion
expressed by Oliver that one of the factors that cause
atherosclerosis is the buildup of blood clots that form
thrombus in the blood vessels. High leukocyte counts lead to
increased production of free radicals and toxic substances
triggering the release of proinflammatory cytokines in
inflammatory reactions (Lakhan SE, 2009). Leucocytes can
also cause occlusion in the brain circulation. Decreased
perfusion pressure can trap leucocytes in the circulation and
form contact with the capillary endothelium. Leucocyte
aggregation causes the capillary occlusion resulting in tissue
hypoperfusion and ischemic brain (Rudijanto A, 2007). The
deployment of leukocytes (especially monocytes and T
lymphocytes) into the blood vessel wall (intima layer) is
considered as the key stage of atherogenesis which then turns
into macrophages and secretes the enzyme metalloproteinase
The elevating deployement of leukocytes result in
atherosclerosis progress acceleration. Leukocytes also play a
role in the destabilization of atherosclerotic plaques, the
inflammatory process can lead to decreased synthesis and
increased degradation of fibrous capsule structural
components by degradation and cytokine enzymes produced
by macrophages at the site of rupture of plaque.

Flavonoids in bamboo shoots are one type of antioxidant
components that can inhibit adhesion, aggregation, and
platelet secretion. These may due to inhibition of flavonoids
in the arachidonic acid metabolism by cyclooxygenase.
Decrease in platelet count by the activity of antioxidants will
also lead to a decrease in the number of leukocytes (Zhang Z.
Et.al, 2006). Therefore, the higher intake of bamboo bamboo
shoot extract will affect the decrease in the number of
absolute leukocytes in the blood (dose effect relationship).

4. Conclusions

The bamboo shoot extract is found to have a beneficial
effects on the decrease of IL-17 and absolute leukocyte count
in New Zealand White rabbit given atherogenic diet. The
dose 520 mg / kg / day is an effective dose to decrease IL-17
and leukocytes level.

Suggestion

Further research is needed to examine the toxicity before
continuing the clinical trial to human. Furthermore, apus
bamboo shoot extract can be one of the standardized
ingredient alternatives of traditional medicine.
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