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Abstract

Spasticity is a stiff muscle condition because the muscles receive impulses
continuously. Calcium ions play a role in the ability of nerves to stimulate
muscle contraction. This study aimed to analyze the effect of calcium con-
sumption on the changes of spasticity and the relation of calcium levels in the
blood and muscle to the spasticity. The experimental study was conducted on
42 male Sprague-Dawley rats aged 12 - 14 weeks. The 15-d intervention was
conducted on six groups of spastic rats by administering 20 g of feed con-
taining 50 mg, 100 mg, and 200 mg of calcium, it also received 100 mg, 200
mg, and 300 mg of calcium lactate supplementation. The experimental rats
were induced with 80 mg/kg BW of Erythrocin B through the tail vein to
make them spastic. This study showed a tendency of increased spasticity
along with the increased dose of calcium given to the subjects. There were
significant differences (p = 0.007) in changes in spasticity between groups.
The significant differences (p = 0.02) in changes in blood calcium levels. The
Spearman’s correlations test on the changes in blood calcium levels and
changes in spasticity showed a positive coefficient correlation (r = 0.097) with
a p-value of 0.54. An increase in blood calcium levels and a large decrease in
spasticity were found in the group receiving 100 mg calcium intake in 20 g of
feed. The calcium levels in muscles had a significant correlation with spastic-
ity (p = 0.038, r = 0.810). The calcium levels in the muscle had a strong cor-
relation with blood calcium levels (p = 0.041, r = 0.748). The biggest decrease
in spasticity occurred after 100 mg of calcium were given to the rats for 15
days, and it was considered as an optimal dose. The calcium levels in the
muscles had a strong correlation with blood calcium levels and the spasticity
of the spastic rats.
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1. Introduction

Spasticity is a stiff muscle condition because the muscles receive impulses con-
tinuously. The nerves that stimulated muscle cannot control the impulse that
goes in so that the muscles continuously suffered hypertonic and caused the
weakness of muscle. The condition affects to the muscle activity and ability to
walk [1].

Spasticity occurred most on cerebral palsy (CP) for almost 70% - 80% and can
caused physical disability. CP is a group of symptoms movement and posture
that cause problems related to physical access that is experienced individuals in
the brain development time. One of a movement disorder in CP is the stiffness
in muscle because of the disruption from the central nerve that attack the upper
motor neuron or usually known as spastic condition [2].

In Indonesia, CP spastic case happened 7 from 10 CP cases and being the
most case between another CP case. In the last two decades, there has been a
tendency to increase CP prevalence due to the survival of premature babies,
immature or babies born with low birth weight [3]. Riskesdas (2010) received
the percentage of CP children age around 24 - 59 months old in Indonesia for
0.09% [4]. Survey in 2016 that conducted in Jakarta, Depok, and Bogor showed
that CP children is 62.5% from 72 special needs child in 5 - 18 years old.

Calcium has an important role in a contraction muscle process. Calcium ions
play a role in the ability of nerves to stimulate muscle contraction (excitability
muscle nerve), adhesiveness (cohesiveness) cellular, transmission nerve impuls,
and activated enzym and hormon secretion [5]. When the skeletal muscle con-
traction begins, Ca®* ions are released into sarcoplasm through Ca*" release
channels (via the ryanodin receptor). These ions bind to troponin C and form a
tropomyosin-troponin complex so that the actin and myosin shifts occur. Shift-
ing the two filaments causes the sarcomeres to shorten so that myofibrils from
muscle fibers become short. When muscle relaxation, efficiently Ca** ions are
transported back into the sarcoplasmic reticulum by SERCA (sarco/endoplasmic
Ca’*-ATPase). The sarcoplasmic reticulum will store Ca** which is bound to the
protein calsequestrin. The Ca’* ion release signal is preceded by the presence of
depolarization in which the nerve undergoes excitatory sarcophema membrane
delivered to the transverse tubule. The potential action or flow of positive nega-
tive ions on the cell membrane will extend to the sarcoplasmic reticulum and
trigger the release of Ca®* ions through the Ca** channel to sarcoplasm around
the thick and thin myofilament [6].

In muscle relaxation there is decomposition of acetylcholine so the action po-

tential is stopped. The work of the active transport pump Ca** enters Ca** ions
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into the sarcoplasmic reticulum. Ca®' release channel in the closed sarcoplasmic
reticulum. Decreased sarcoplasmic Ca** concentration makes this ion bond with
troponin C regardless, tropomyosin-troponin complex returns to its original po-
sition to cover the active site in actin. Cross-binding is not formed and the thin
filament returns to its original place [7].

Magnesium is physiologically antagonistic to calcium. Magnesium ions reduce
the number of transmitters released by the motor terminal nerve, decrease the
depolarization action of acetylcholine, and suppress excitability of the muscle
nerve. Magnesium can compete with calcium without inducing the return of
acetylcholine to reduce muscle contractility. Magnesium competes with calcium
in the binding of calcium to troponin C and produces ATP. The sarcoplasmic
reticulum actively transports calcium out of the sarcomeres so that contractions
are inhibited and relaxation occurs [8].

The mechanism of spasticity according to Mukherjee & Chakravarty is influ-
enced by primary hyperexitability of alpha motor neurons following upper mo-
tor neuron lesions in the central nervous system so that plateau potential occurs
due to continuous ionic currents [9]. Persistent Ca** currents can strengthen and
extend the motor neuron response to cynical excitation. This inflow can produce
continuous depolarization (plateau potential) when the Ca** channel is facili-
tated by noradrenergic and serotonergic innervation of motor neurons [10]. This
shows that the plateau potential affected by Ca® ion can play a role in the
pathophysiology of spasticity.

Milk is the most common consumption after rice in CP children. Milk is a
food that is recommended as one of the best sources of calcium [11]. The suffi-
ciency of calcium obtained from milk may affect CP children. The study of the
effect of calcium on CP children which has an effect on spasticity has not been
widely done. Therefore, research is needed to analyze the correlation between
the level of calcium consumed and the level of calcium stored in blood and mus-
cle with a degree of spasticity. Tests were carried out on spastic Sprague dawley
rats to analyze the effect of calcium consumption on changes in the degree of
spasticity and the relationship between calcium levels in blood and muscle with a

degree of spatiality.

2. Methods

2.1. Description, Place, and Time

This experimental study is at the Faculty of Veterinary Medicine IPB for 3
months from May to July 2018. Maintenance of rats and intervention treatment
as well as laboratory tests were carried out at the Faculty of Veterinary Medicine,

IPB. Ethical clearance for animals was published by the LPPM (Institute for Re-

search and Development Services) IPB.

2.2. Materials and Tools

The main ingredients used were calcium lactate and aquadest powder. Experi-
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mental animals are male Sprague Dawley rats aged 12 - 14 weeks weighing 200 -
250 g as many as 42 heads. Rats were obtained from IPB Biofarmaka and re-
ceived laboratory animal health certificates. Feed is made at PT. Indofeed Bogor.
Materials for spastic induction used Erythrocin B solution obtained at PT. Cipta
Bangun Nauli Bogor. Blood sample analysis was carried out in the integrated
laboratory of IPB.

2.3. Research Stage

Material preparation. Feed is prepared in 2 types, which is standard feed and
intervention feed. Standard feed contains calcium of 200 mg in 20 g of feed (P3).
Interventional feed contains calcium of 50 mg (P1) and 100 mg (P2) in 20 g of
feed. Calcium solution preparations are made in 3 preparations namely calcium
100 mg, 200 mg and 300 mg dissolved in aquadest up to 3 mL.

Experimental rats care and Erythrocin induction B. Rats aged 10 - 12 weeks
are adapted for 14 days. The rats were weighed before and after adaptation.
During the adaptation period the rats have given a standard feed containing cal-
cium of 200 mg in 20 g of feed and drinking ad libitum. In the 15th day, rats
were induced with Erythrocin B at a dose of 80 mg/KgBB.

Assessment of spasticity. Induction is done by entering Erythrocin B which
has been dissolved with 3 mL of aquadest through the tail vein. Shortly after in-
duction there was a physical change in the rat, namely the change of skin and
mucosa and body fluids to pink. Spasticity is evident with the value of As worth
Scale 4 and passive flexion resistance of 100%. Spasticity is assessed before and
after the intervention begins the next day.

Intervention in rats. A total of 42 rats were divided into 6 groups including
K1 with P1 (feed contain 50 mg calcium), K2 administration with P2 (feed con-
tain 100 mg of calcium), K3 with P3 (feed contain 200 mg calcium), K4 with P3
(feed contain 200 mg calcium) and 100 mg calcium supplementation, K5 with P3
(feed contain 200 mg calcium) and 200 mg calcium supplementation and K6
with P3 (feed contain 200 mg calcium) and 300 mg calcium supplementation.
Calcium supplementation is given through sonde. The intervention was carried
out for 15 days.

Measurement of calcium levels in blood. Blood is taken through the tail
vein before and after intervention as much as 1 mL. Rats weighed before and af-
ter intervention.

Assessment of muscle calcium. The left gastrocnemius muscle is excised and

taken as much as 0.5 g to measure the level of calcium in the muscle.

2.4. Processing and Analysis of Data

Stages of data analysis of spasticity, blood calcium of rats before and after inter-
vention as well as muscle calcium levels after the intervention were carried out
by Saphiro- Wilk normality test because the sample <50. Data distribution was

declared normal if p > 0.05. Analysis of different tests between groups using the
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Anova test if the data distribution is normal. The Kruskal-Willis test is used
when the data distribution is not normal. There are significant differences in the
effect of different treatments (p < 0.05), then it will be followed by Duncarn’s test.
Correlation analysis between variables using the Spearman test.

3. Results and Study

3.1. Feed Composition

Feed is consumed by the subject for 24 hours as much as 20 grams by drinking
as much as ad libitum. In this study feed was made with the composition of wa-
ter, ash, protein, fat, carbohydrates and fiber as macro nutrients. Minerals con-
tained in feed include calcium and magnesium. Feed composition was analyzed
by proximate test. In Table 1, the composition of the feed given to the subject is
explained.

Table 1 shows that the composition of carbohydrates is the greatest in each
feed and followed by protein. The main function of carbohydrates is as a source
of energy in the body. When the body is in a condition of lack carbohydrates, the
body will take protein as one of the reserves energy sources. If that happens, it
will cause the protein function to be not optimal. Carbohydrate needs are very
good in optimizing the protein function. When physically active people don’t get
enough carbohydrates, the body will use protein to carry out the necessary mus-
cle functions, including muscle building. In a state of spasticity, protein in-
volvement during nitric oxide (NO) formation occurs due to activation of the
nitric oxide synthase (NOS) enzyme. Enzyme activation occurs due to an in-
crease in calcium in cells due to depolarization in muscles that experience spas-
ticity [12].

Figure 1 shows a higher calcium content than magnesium content in every
feed. Increased calcium content is accompanied by an increase in magnesium
content in feed. Calcium plays a role in the interaction of proteins in the mus-
cles, namely actin and myosin when the muscles contract. If calcium in the
blood is less than normal, then the muscles cannot relax after contractions cause
muscle stiffness and if contractions occur excessively and are affected by central
nervous disorders, spasticity will occur due to hyperexitation [13].

Magnesium plays a role in muscle relaxation and contraction. Magnesium is
used to regulate muscle and nerve control. In nerve cells, magnesium acts as a
chemical barrier gate, as long as there is enough magnesium available, calcium
will not quickly enter nerve cells and activate nerves. This barrier gate by mag-
nesium helps keep the nerves relaxed. If the magnesium intake is low, the nerve
cells become overactive. When some nerve cells are too active, it sends messages
to the muscles and causes the muscles to contract continuously so that it can
cause muscle fatigue. Magnesium is responsible for the production and trans-
portation of energy by working as a co-factor with other enzymes to aid diges-
tion and absorption of protein, carbohydrates and fats [14].

The content of carbohydrates and proteins in the feed appear to be inversely

proportional, the higher the calcium content, the higher the protein content and
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Table 1. Subject feed composition.

Composition P1 P2 Methods
Water (%w/w) 10.93 10.22 9.88 AOAC(2012)930.15
Ash (%w/w) 7.62 7.78 8.49 AOAC(2012)942.05
Protein (%w/w) 16.32 18.98 26.88 IK.LP-04.5-LT-1.0
Protein (%w/w) 5.01 4.74 3.85 AOAC(2012)991.36
Carbohydrates(%w/w) 59.86 58.20 52.30 IK.LP-04.3-LT-1.0
Fiber (%w/w) 3.59 3.29 3.06 IK.LP-04.13-LT-1.0
Calcium (mg/Kg) 3155.97 5361.82 6749.91 AOAC(2012):999.11
Magnesium (mg/Kg) 837.52 1079.22 6749.91 AOAC(2012):999.11

Subject Composition Feed

5000 6749.91
7000
o 6000 5361.82
<, 5000
€ 4000  3155.97
3000
2000 337.52 1079.22 1165.66
1000
0 — - I
P1 P2 P3

Feed Type

M Calcium ™ Magnesium

Figure 1. Calcium and Magnesium content in Feed.

the lower the carbohydrate content. Conversely, the lower the calcium content in
feed, the lower the protein content and the greater the carbohydrate content in
feed. This shows the relationship between protein and calcium. In the process of
calcium metabolism in enterocytes it is necessary to have a calcium binding pro-
tein synthesized by other active metabolites such as vitamin D in the intestinal

lumen [15].

3.2. Degree of Subject Spasticity

Shortly after being induced in the form of Erythrocin B through the tail vein as
much as 1 mL with a dose of 80 mg/Kg BB, the average subject experienced As
worth Scale with muscle resistance in the upper and lower limbs by 100%. Pink
physical appearance on the lining of the eyes, ears and skin and body fluids such
as urine and feces. Table 2 shows the mean values of rat spasticity before and
after the intervention and changes. Assessment of spasticity is carried out by
passively moving the flexion of the extension of the four subject limbs and as-

sessed the percentage of muscle resistance.
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Table 2. Average value of subject spasticity.

Groups ‘ Before. . After‘ A
intervention intervention
K1 67.86 +£12.20 57.14 £ 12.20 -10.72 + 13.36
K2 71.43 £9.45 57.14 £12.20 -14.29 +13.36
K3 60.72 £ 13.36 60.71 = 13.36 0.00 + 20.41
K4 53.57 £9.45 64.29 +13.36 10.71 + 13.36
K5 60.72 £ 13.36 64.29 +13.36 3.57 £17.25
Ko6 53.57 £9.45 64.29 + 28.35 17.85 +12.20

Figure 2 shows the tendency of increasing spasticity by the addition of cal-
cium doses intake in the subject. These results are in line with Ho ef al. [16] re-
search which concluded that spastic occurrence in paraplegia that associated
with dysregulation of calcium or due to changes in calcium homeostasis in the
body. Shamseldin et al. [17] shows that the phenotype of neurodevelopmental
disorder is one of the symptoms of spasticity related to disruption of intracellu-
lar calcium homeostasis.

Abnormal distribution of the variable spasticity value (p = 0.000) in more
than 2 unpaired groups because each group with different subjects and treat-
ments used the Kruskal-Wallis test. In the group before intervention, there were
significant differences (p = 0.039) and after the intervention there were signifi-
cant differences (p = 0.000). Changes in spasticity between groups have signifi-
cant differences (p = 0.007). The results of this study concluded that between
groups there were significant differences in the value of spasticity at the time
before and after the intervention and on changes in the value of spasticity before
and after the intervention.

Since 1940, calcium ions are believed to play a role in regulating muscle con-
traction. Ebashi showed that the effect of Ca®* was mediated by Troponin and
Tropomiosin. Ca*" regulates muscle contraction with processes mediated by
Troponin and Tropomiosin. Actomyosine extracted directly from the muscle
contains bonds with troponin and tropomyosin, contracting due to ATP only if
Ca® is present. The presence of troponin and tropomyosin in the actomyosin
system increases the sensitivity of the system to Ca®* [18].

Striated muscle movements under command or a control called motor nerve
impulses. Nerve impulses release Ca** from the sarcoplasma reticulum (SR). All
sarcomeres in a muscle will receive a signal to contract so that the muscle can
contract as a whole. The electrical signal is delivered to the sarcoplasmic reticu-
lum. SR is a system of flat, membrane-shaped vesicles, and originates from the
endoplasmic reticulum. The system wraps each miofibril into a knit shape. Mus-
cles can contract due to stimulation. Generally the muscles contract not because
of one stimulus, but because of a series of sequential stimuli. The second stimu-
lus strengthens the first stimulation and the third stimulates the second stimula-
tion, resulting in hyperexitation resulting in maximum tension or tone. This ex-

plains the occurrence of a state of spasticity [19].
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Average Value of Subject Spasticity
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Figure 2. Spasticity value before and after intervention.

3.3. Subject’s Blood Calcium Level

This study found that there was a decrease in the level of calcium in the blood in
each group except in K2 which got results with increased blood calcium levels
after intervention. The mean level of calcium in the blood before and after the
intervention in units of mg/dL and its changes is illustrated in Table 3.

Figure 3 shows that giving a calcium intake of 500 mg results in a decrease in
calcium levels in the blood, as well as giving 50 mg of calcium there is a decrease
in blood calcium levels. Normality test with Saphiro-Wilk obtained results on
variable blood calcium levels before intervention with abnormal data distribu-
tion (p = 0.049). Variable calcium levels after intervention with normal distribu-
tion (p = 0.128) also on changes in blood calcium levels have normal data dis-
tribution (p = 0.904). Anova test was conducted to obtain the significance value
of differences in treatment between groups with normal distribution and ob-
tained p = 0.02 for changes in blood calcium levels, indicating a significant dif-
ference in changes in blood calcium levels between groups in this study. Anova
test was also carried out in the group after intervention and the results were sig-
nificantly different between groups (p = 0.001). In the group before intervention
Kruskal-Wallis test was conducted because the data distribution was not normal
and the results were not significant (p = 0.355).

Calcium has two important physiological roles, namely maintaining the
structural integrity of the skeleton and contributing much to important cell
processes. In extracellular and cytosolic fluids, ionized calcium (Ca®*) plays an
important role in various processes in cells. Calcium is an important substance
in cell membranes that affects permeability and electrical charge. Plasma calcium
is in three forms: binds to protein (albumin), binds to small ligands (phosphate,
citrate, sulfate), and Ca®' ionized calcium. Ionized calcium in the plasma is
physiologically active and plays an important role in determining hypocalcemia
or hypercalcaemia. Ionized calcium levels in extracellular fluid are maintained at

homeostasis in the normal range of around 9 - 10.5 mg/dl. This situation is
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Table 3. The average level of calcium in the subject’s blood.

Groups . Before. . After . A
intervention intervention
K1 17.37 £2.83 12.05 +2.69 -5.33 £3.55
K2 14.90 £2.95 17.44 £3.34 2.54 £4.01
K3 15.06 +2.76 11.34 £2.91 -3.71 £4.98
K4 13.81 £2.92 10.30 £ 1.65 -3.51 £2.76
K5 15.69 +3.2 14.30 £ 1.48 -1.39 £ 4.34
Ko6 16.24 + 4.47 10.21 +5.20 -4.19 + 5.34

The average level of calcium in the subject's
blood

H Before Intervention M After Intervention

20 17.37 17.44
14. 1506 139, 15633 102
15 5 1.34 0.3 21
10
5
0
K1 K2 K3 Ka K5 K6

Figure 3. The average level of calcium in the subject's blood before and after in-
tervention.

maintained by an effective balance of bone formation and bone resorption, cal-
cium absorption, and calcium excretion. The main place of regulation takes
place in the bones, kidneys, and gastrointestinal tract under the control of three
hormones, namely parathyroid hormone, calcitonin, and calcitriol [20].

Spearman correlation test between changes in blood calcium levels with
changes in spasticity showed a positive correlation coefficient of 0.097 with p =
0.54, so it can be concluded that there is no significant correlation between
changes in blood calcium levels with changes in spasticity in rats.

Table 4 shows that K2 with P2 intake containing calcium 100 mg in 20 g of
food there is an increase in blood calcium levels and a large decrease in spastic-
ity. This shows that a dose of 100 mg of calcium which is half the standard dose
of feed (200 mg of calcium) can be used as a reference for decreasing the most
optimal spasticity.

In the body there is a system of mechanisms to maintain the balance of certain
substances in the blood, especially those referred to as homeostasis. Calcitriol,
calcitonin and parathyroid hormones regulate body calcium. Special cells in the
kidneys produce calcitriol, a form of vitamin D, when the blood calcium level is
too low. This hormone increases the body's calcium absorption from food and

the release of calcium from bone. Parathyroid hormone (PTH), secreted by the

DOI: 10.4236/fns.2019.101004

45 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2019.101004

M. Indriasari et al.

Table 4. Average changes in blood calcium levels and subject spasticity.

Groups Changes in Blood Calcium Level Changes of Spasticity
K1 -5.33 £3.55 -10.72 £ 13.36
K2 2.54 +4.01 -14.29 £ 13.36
K3 —3.71 £ 4.98 0.00 +20.41
K4 -3.51+2.76 10.71 £ 13.36
K5 -1.39+4.34 3.57+£17.25
Ko6 -4.19 £ 5.34 17.85 +£12.20

parathyroid gland and increases calcium levels in the blood by stimulating bone
to release calcium, stimulates kidney cells to reclaim calcium from the urine be-
fore excretion, and increase intestinal calcium absorption. Calcitonin hormones
reduce calcium levels in the blood. Its production is stimulated by too high levels
of calcium in the blood. Calcitonin hormone production by C cells from the
thyroid gland and works by suppressing the release of calcium from the bone,

reducing calcium absorption in the intestine and liver and kidneys [21].

3.4. Relationship between Muscle and Blood Calcium Levels with
Subject Spasticity

In muscles that experience spasticity there is continuous contraction so that the
muscles become stiff. Muscles receive continuous impulses due to abnormalities
in the central nervous system so that the muscles are unable to control the in-
coming impulses so that the muscles experience hypertonus. Spastic muscles in-
crease muscle tone or muscle resistance or hypertonus [22].

Muscle contraction, especially skeletal muscle, is driven by nerve impulses
that stimulate release of Ca’>* from the sarcoplasmic reticulum. When sarcomere
membranes are excited by nerve impulses, the signals generated are channeled
into the T tubular system and the channel of release of Ca’ ions in the sur-
rounding sarcoplasmic reticulum opens rapidly and releases Ca®* ions into sar-
coplasm from the sarcoplasmic reticulum. The concentration of Ca®* ions in
sarcoplasm increases rapidly to 10 - 5 mol/L. Increased concentration of Ca®*
ions signals muscle contraction through the movement of protein precursors
bound to actin filaments namely tropomyosin and troponin [23].

Table 5 shows the average value of muscle spasticity, calcium levels in the
gastroknemius muscles and blood calcium levels after 15 days of intervention in
6 groups of rats which will be tested by correlation with the Spearman test. Cor-
relation test between levels of muscle calcium with subject spasticity obtained p
= 0.038, meaning that there is a significant correlation with the value of r = 0.810
which indicates that the relationship between levels of calcium muscle with sub-
ject spasticity has a strong correlation. Correlation test between levels of calcium
muscle with blood calcium levels obtained a value of p = 0.041, indicating a sig-
nificant correlation with the value of r = 0.748 which shows a strong correlation

between levels of calcium muscle with blood calcium levels.
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Table 5. Average values of muscle spasticity and levels of muscle and blood calcium.

Kelompok  Nilai spastisitas otot (%) Kadar kalsium otot (ppm) Kadar kalsium darah (mg/dl)

K1 57.14 +12.20 96.73 + 42.56 12.05 +2.69
K2 57.14 +12.20 118.33 + 63.29 17.44 + 3.34
K3 60.71 + 13.36 86.49 + 56.49 11.34 +2.91
K4 64.29 + 13.36 85.04 + 36.71 10.30 + 1.65
K5 64.29 + 13.36 129.57 + 89.23 14.30 + 1.48
K6 64.29 + 28.35 124.12 + 143.17 10.21 +5.20

Spasticity is a motor disorder characterized by an increase in muscle tone due
to the hyperexitability of reflex stretching as part of upper motor neuron syn-
drome. Reflex hyperexitability occurs due to dissociation or disintegration of
motor responses to sensory input. Spasticity occurs due to lesions in the de-
scending corticospinal system causing excessive contraction between the agonist
and antagonistic muscles due to abnormal patterns of supraspinal pathway
commands [24].

Calcium also triggers contraction by reacting to regulator proteins which can
cause the interaction of actin-myosin filaments. Tropomyosin movement is also
controlled by calcium which binds to troponin. The presence of troponin and
tropomyosin in the actomyosin system increases the sensitivity of the system to
Ca®. Nerve impulses that occur will arrive at the neuromuscular junction and
are immediately delivered to each sarcomere so that the muscle bundle will re-
ceive a signal to contract [25].

Ionized calcium is calcium that is bound to other minerals. Calcium is also
bound to proteins such as albumin. Ionized calcium is known as free calcium
which is the most active form. Physiology of calcium through intracellular and
extracellular activities that are interrelated. Intracellular calcium is an important
regulator of various cellular events, including muscle contraction, nerve signals
to muscles, secretion of hormones, glycogen metabolism, and cell division. Ex-
tracellular calcium not only provides a stable supply of calcium for intracellular
use but also plays an important role in membrane clotting and integrity. Ex-
tracellular calcium, including intravascular calcium, accounts for about 0.1% of
total body calcium. Extracellular calcium concentration is five times more than
intracellular concentration [26].

Calcium in the circulatory system, extracellular fluid, muscles and other tis-
sues is very important for mediating vascular contractions and vasodilation,
muscle function, nerve transmission, intracellular signals, and hormone secre-
tion. Calcium metabolism is largely regulated by the parathyroid hormone sys-
tem. The rapid release of minerals from the bone is very important to maintain
sufficient levels of ionized calcium in the serum. Maintaining ionized calcium
levels circulating in the circulation is very important for the body to function

normally, and control of serum calcium levels is maintained through the endo-
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crine system, which is the glandular system that secretes hormones and is influ-

enced by several control factors and feedback mechanisms [15].

4. Conclusions

Optimal dose of daily calcium intake in spastic rats obtained at 100 mg is half of
the standard dose contained in the daily diet. The biggest decrease in spasticity
occurs after 15 days, given 100 mg of calcium in a daily feed of 20 g. The de-
crease in spasticity is accompanied by an increase in calcium levels in the blood.
There are significant differences in changes in spasticity between groups. There
is a strong correlation between levels of muscle calcium and blood calcium levels
as well as spastic rat spasticity. Increased calcium in the blood includes calcium
stored in the sarcoplasmic reticulum and the absence or reduced release of cal-
cium into the myofibril can reduce the occurrence of spasticity. Increased cal-
cium in the muscles due to the release of calcium ions into the myofibril causes
spasticity to be more pronounced. The increase calcium level in blood allows the
increasing release of calcium ions into the myofibrils that can allow spasticity
[26]. There is the need for clinical studies to find out the benefits of consuming

calcium-containing milk in children with symptoms of spasticity.
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