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ABSTRACT

Nitazoxanide, a thiazolidine compounds, is an efficient, broad-spectrum anti-parasitic and anti-microbial drug. On
the one hand, by measuring breathing rate, breathing extent and electrocardiogram, effect of nitazoxanide on
cardiovascular system and respiratory system of anesthetized rats was tested. On the other hand, by observing the
activities and behavior change of mice, conducting climbing pole test and muscle fatigue test, the effect of
nitazoxanide on nervous system was obtained. Results indicated that in the dose range 100mg-400mg/kg,
nitazoxanide affected little to cardiovascular system and respiratory system of anesthetized rats and did not
significantly inhibit central nervous system of mice.
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INTRODUCTION

Safety pharmacology of drugs is important and ieegable in the process of research and developafemew
drugs[1]. It was reported that adverse drug reastiwvere the fourth major cause of death in the adnistates.
Whereas, these death can be decreased by safetygundogy test [2-5]. It is necessary that preicihdrugs or
new drugs should be studied by using safety phastogg in order to avoiding drugs to endanger aitigystems of
body in a relatively short period of time[6-8]. Biioxanide, a thiazolidine compounds, is an effigien
broad-spectrum anti-parasitic and anti-microbialgdrNitazoxanide was approved as the special doutretat
Cryptosporidium infection by the FDA and was putlie U.S. market in the formulation of oral suspen®, 10].
With the in-depth study, nitazoxanide is now widebed to treat diarrhea of AIDS patients causethbyintestinal
bacteria or intestinal parasites [11-14]. This gtaiimed to reveal the effect of nitazoxanide ondimasascular
system and respiratory system of rats and on nersgstem of mice and to investigate the safetyioical drug.

EXPERIMENTAL SECTION

Materials and instruments

Nitazoxanide, with batch number as 20130912 andtypwas 99.5, was produced by Qingdao Continental
Pharmaceutical Co., Ltd. Heparin sodium, with batchmber as 120812, was produced by Shanghai Shanpu
Chemical Technology Co., Ltd. Sodium Chloride Iti@e of 0.9%, with batch humber as 120414W, wasipced

by Shandong Kelun Pharmaceutical Co., Ltd. Sodiemtgbarbital, with batch number as 20121216, waduywred

by China Medicine (Group) Shanghai Chemical Reagaompany. RM6240 multi-channel physiological signal
acquisition and processing test system was manu&tby Chengdu Instrument Factory.
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Test animals

Sixty-four Wister rats (SPF) with weight of 150~268nd half male and half female were used in sty Wister
mice (SPF) with weight of 18~22g and half male &atf female were used in test. These rats and meare all
provided by Lukang Pharmaceutical Experimental Aali@enter. These animals were used to test aftgtiand) in
laboratory for a week.

Methods of investigating effect of nitazoxanide orardiovascular system and respiratory system of rat
Grouping and administration of the test animals.These rats were divided randomly into four groupsmeight,
with eight rats in every group and half male antf feanale. The four groups were control group (CtEigh-dose
group (HDG), middle-dose group (MDG) and low-doseup (LDG) respectively. Nitazoxanide was mixedhwit
Sodium chloride solution of 0.9% in different ratio obtain suspension formulation for using in .teésd the
suspension was administered by gavage. The ratninol group were administered only sodium chierslution
of 0.9% with no drugs. The rats in high-dose graugre administered drugs in 400mg/kg. The rats iddterdose
group were administered drugs in 200mg/kg. Andrétie in low-dose group were administered drug<Dionig/kg.

Measurement of breathing rate and breathing extentRats were anesthetized by being injected pentaaarbi
sodium of 40mg/kg. After being anesthetized, ragsensupine and fixed on dissecting table. The skiats was cut
along the center position of two fingers below xijghand surgery line was threaded through mus@les.surgery
was connected to one end of the sensor of tensimsducer which was connected with RM6240 multincied
physiological signal acquisition and processing $gstem. Test information, such as breathingaatkextend, was
automatically collected and recorded by computéoreeadministering drug and after administeringgdati 10 20,
30. 60. 90. 120 minutes.

Electrocardiogram measurement. Three metal needles were clamped separately bydhew, red and black
alligator clips and were inserted respectively stitigeous tissue of right forelimb, left hind limhdaright hind

limb of rats. ECG lead was connected with RM6240tinehannel physiological signal acquisition ana@gessing

test system. Test information, such as the hetrtaaECG, P wave, PR interval, QRS time, QT iragriR-wave, T

wave, ST segment, was automatically collected awbrded by computer before administering drug ditel a
administering drug at 1020, 30. 60. 90. 120 minutes.

Methods of investigating effect of nitazoxanide onervous system of mice

Grouping and administration of the test animals.These mice were divided randomly into four groupsiveight,
with ten mice in every group and half male and Haffhale. The four groups were control group (CGghtdose
group (HDG), middle-dose group (MDG) and low-doseup (LDG) respectively. Nitazoxanide was mixedhwit
Sodium chloride solution of 0.9% in different ratio obtain suspension formulation for using in .teé&td the
suspension was administered by gavage. The mioenimol group were administered only sodium chlemsdlution

of 0.9% with no drugs. The mice in high-dose grompre administered drugs in 400mg/kg. The mice in
middle-dose group were administered drugs in 20Rgmgknd the mice in low-dose group were administeteugs

in 100mg/kg.

Activities and behavior change of miceActivities and behavior change of mice in everyugrovere observed
regularly every day. The changes of motor functimehavior, coordination function, sensory / moteftex were

recorded. General behavior of mice after admirtistna such as posture, gait, with or without saiwa, muscle

trembling, pupillary changes, mouth breathing, wasserved directly. Locomotor activity and body i@ination of

mice after administration were evaluated qualiyivand quantitatively. Activities and behavior nga of mice

continue to be observed two weeks after the test.

Climbing pole test. A smooth metal rod, with length as 76.2cm and diam&s 1.27cm, was fixed on base. The test
time were 10 20. 30. 60, 90. 120 minutes before administering drug and afteriaghtering drug. Test mice were
put on the top of the metal rod at test time anohlméd down on its own. These mice were graded aonded
according to the following standard. Zero gradamlsing down Step by step; first grade: sliding devaind; second
grade: can not grasp the metal rod; third gradghtirig reflex disappearing. There were 0.5, 1.5 aridgrades
between two grades respectively.

Muscle fatigue test.Climbing pole holder was a vertical frame on whigthss rod hanged. The diameter of glass
rod was 0.8 cm and length was 25cm. The top pagla$s rod was fixed on holder and the lower end wa
suspended approximately 20 cm from the ground. yEreuse was trained for two days so as to asshegdttcan
stay on glass rod for a period of time. Mice westihg for sixteen hours before test. Mice wereqruglass rod at
30 and 60 minutes after administration. Their mesaliere in static tension and the time of dropfiagause of
muscle fatigue from glass rod was recorded by séghv The test was end when dropping three timesiulative
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time of three dropping was treated as climbing pohe so as to determine muscle fatigue.

Positive reflective observationThe tail of mice was seized and the mice face BDab0 and 120 minutes before
administration and after administration. The micasviwo inches from ground and then it fall freéfythe mice
landed with four legs perpendicular to the grounhgas scored one. If the mice landed with sidgrmund, it was
scored two. If the mice landed back to ground, asvgcored three. The process was repeated three éind the
total score was recorded.

Statistical analysis

Software SPSS was used in statistical analysisdatel was show in the form ¥&SD. significant difference test
was conducted among numbers in different treatmaritee same period.

RESULTS AND DISCUSSION

Effect of nitazoxanide on respiratory system of reg

Effect of nitazoxanide on breathing rate of ratswhown in Table 1. The differences of breathingsat each test
time before test and after test were not signitiéarthe four groups (p>0.05). It indicated thatmbxanide in high
dose, middle dose or low dose affected little aealbiting rates of rats. Effect of nitazoxanide ozaliting extent of
rats was shown in Table 2. The difference amonf-Higse group, middle-dose group and low-dose greas not
significant at 20 minutes after administration ([38). The difference between high-dose group arddi®idose
group was not significant at 120 minutes after amshiation (p>0.05), whereas the difference betweéaidle -dose
group and low-dose group was significant (p<0.85%)other test time, the difference among the fouugs was not
significant (p<0.05). It indicated that effect dfazoxanide on breathing rates of rats was little.

Table 1. Effect of nitazoxanide on breathing rate rats (times/min, X +SD, n=8)

After administration (min)

Groups Before administration

10 20 30 60 90 120
CG 92.25+20.97 a 92.37+24.48 a 85.62+27.81a 82B2Pa 77.37+32.77 85.50+28.98 a 79.25+27.08 a
LDG 187.87+192.13a 168.12+215.298.87+25.63a 104.50+35.6199.62+27.24 a103.37+22.61 al04.62+34.22 a
MDG 104.62+40.13 a 93.50+12.60 a 139.50+112.79 a25329.86 a 114.12+58.588.25+32.68 a 103.00+33.41 a
HDG 97.37+18.40 a 97.87+19.92 a 98.87+22.09a  1T0O£L48.16a107.12+27.95d.62.50+158.7885.62+36.69 a

Note: If subscripts were different lowercase lettier the same column values, it indicted signiftogifferences. If
subscripts were different capital letters, it indit extremely significant differences. If subsgiptere same, it
indicated not significant differences. It was samthe following tables.

Table 2. Effect of nitazoxanide on breathing extentf rats (g, X+SD, n=8)

After administration (min)

Groups Before administration

10 20 30 60 90 120
CG 3.63+1.86 aA 3.43+1.58 88.94+1.62 aA 4.05+1.30 8.24+1.57 a2.43+1.0 8 a3.74+2.55abA
LDG 3.12+2.23abA 3.00£1.97251+1.02bA  3.26+1.90 8.91+2.18 a4.63+3.12 a 5.02+3.10 aA
MDG 1.89+0.68bA 2.08+0.68 a2.12+1.30bA 2.72+1.59 &2.78+1.83 a3.19+1.68 a2.37+0.98 bA
HDG 2.26+0.98abA 2.35+1.06 2.79+1.29abA 3.03+2.00402+2.87 a3.97+3.25 a3.90+2.77 abA

Effect of nitazoxanide on cardiovascular system afts

Effect of nitazoxanide on heart rate of rats wasashin Table 3. As can be seen from the Tableguestest points,
the differences between certain two groups wersifsignt, such as at 10 minutes point between kigbe group
and control group, or at 120 minutes point betwbkigh-dose group and middle-dose group. In mosts;abe

differences between two groups were not significhinhdicated that effect of nitazoxanide on heate of rats was
little in most cases.

Table 3. Effect of nitazoxanide on heart rate of rts (times/min, X +SD, n=8)

Before After administration (min)
Groups 5 dministration 10 20 30 60 90 120
CG 260.78+76.23bB 303.62+71.45bB  310.48+85.10bB  290.16+83.00bB 33H183.72a344.59+114.81819.37+132.67abA

LDG 406.93+£80.02aA413.18+101.59aA 380.90+96.37aA190.82+82.11abAl 369.62+91.94a8438.78+299.84a331.45+69.06abA
MDG 392.29+66.29aA394.94+74.25aAB377.96+72.80aAB374.2984.57abAE 366.52+99.67a 329.79+85.70a 314.25+80.20 bA
HDG 387.65+54.71a/877.63+64.05abAB424.00+68.06a £ 420.52+147.44a A393.36+209.408401.44+87.55a422.36+111.77 aA

Effects of nitazoxanide on P-wave of rats were ghawTable 4. It can be seen from the Table thah@amy cases,
he differences between high-dose groups and cogitoelp or between middle-dose groups and contmigmvere
significant, which indicated that nitazoxanide ajthdose and middle dose have a certain impactwa\R of rats.
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Table 4. Effect of nitazoxanide on P-wave of ratsify, X +SD, n=8)

. ) After administration (min)
GroupsBefore administration 10 20 30 60 90 120
CG 120.49 +67.22 a 109.40+61.02 ab3A82+35.94 b 80.20+41.07ab AB90.00+£52.11bAB 77.36+36.04162.07+31.86b B
LDG 73.52+41.17 a 83.09165.33 ab3%.11+51.87 bAB88.65+75.21abAB 77.39+47.21bB 97.05+52.8@6.12+32.94b AB
MDG 130.94+87.68a 127.55+68.08 a¥86.07+55.05aA134.48+66.65aA 177.87+109.67aA159.79+63.65422.74+28.19a A
HDG 75.75+37.84 a 64.61+35.08 bA 75.79+39.19 154.69+24.59 bB 113.73+52.33abAR2.05+35.00077.34+46.14bAB

Effects of nitazoxanide on P-R interval of rats eveshown in Table5. These data showed that therelifées
between each administration group and control gneape significant (p<0.05), whereas the differenbetveen
any two administration groups were not significgui0.05). These results indicated that nitazoxawc@e affect
P-R interval of rats, but there was no dose-effeletionship.

Table 5. Effect of nitazoxanide on P-R interval ofats (ms, X +SD, n=8)

After administration (min)

Groups Before administration

10 20 30 60 90 120
CG 22.87+8.32bC 19.87+4.82bB  19.00+4.24bB  18.504#B4 20.37+6.09bB 20.50+2.82bB 23.62+11.13bB
LDG 34.62+4.95bBC 38.37+8.48aA 38.00+5.65aA 45.F42aA 43.62+25.03aAB 64.62+44.11aA 64.62+44.51aA

MDG 49.87+12.12aA 47.75+13.56a44.50+17.91aA 49.50+17.64aA 58.75+26.35aA  57.25+21.82aA 56.873280A
HDG 39.87+9.77bAB 41.25+7.90aA 38.12+10.61a#1.12+15.69aAB 53.12+24.40aA 40.50+11.77abAB 40.50+13.45aAB

Effects of nitazoxanide on QRS time of rats werevah in Table 6. As can be seen from the Table, dinéy
difference between middle-dose group and low-dosrig at 10 minutes after administration was sigaifit
(p<0.05), the differences among the other groupewet significant (p>0.05). Results indicated thi#zoxanide
didn't affect QRS time of rats.

Table 6. Effect of nitazoxanide on QRS time of ratéms, X +SD, n=8)

After administration (min)

Groups Before administration 10 20 30 60 %0 120
CG 34.50 £11.33a 31.37+8.63bA 40.25+21.188.62+19.50a42.87+19.62a 50.00+18.67a 56.75+28.83 a
LDG 33.00£5.20a 31.50+8.22bA 39.00+14.338.62+18.25a44.75+20.35a249.00+29.73 a53.62+24.87 a
MDG 38.12+16.41a 40.87+12.34aM0.75+9.76a 46.87+17.5349.62+20.47a48.12+12.00 a48.00+19.35 a
HDG 32.25+2.91a 34.50+4.07abA36.504+2.07a  46.25+22.4882.62+30.71a43.00+10.51 a 36.37+6.75 a

Effects of nitazoxanide on Q-T interval of rats eshown in Table 7. As can be seen from the Tatiby, the
difference between every administration group apdtrol group at 10 minutes and the difference betwe
middle-dose group and control group at 10 minufeexr @dministration were significant (p<0.05), ttiéferences
among the other groups were not significant (p>0.05ndicated that nitazoxanide has a little urgfhce on Q-T
interval of rats in 30 minutes after administratidfiowever, the influence disappeared after admatisin 60
minutes.

Table 7. Effect of nitazoxanide on Q-T interval ofats (ms, X +SD, n=8)

After administration (min)

Groups Before administration 10 20 30 60 90 120
CG  72.75+20.88bB 70.87+15.73cB =~ 85.25+35.09a 82.00MbA  86.50+28.19a 97.62+34.08 a 108.00+46.16 a
LDG 86.87+5.84abAB 87.12+7.16aB 96.75+20.33a 10429.60abA 113.87+37.58 a123.37+58.10 a133.25+47.55 a
MDG 103.00+23.64 aA 103.25+20.54 a A06.37+18.66 a110.37+19.22 aA 113.50+16.50 418.12+19.20 a127.12+36.81 a
HDG 90.25+12.56abAB 90.75+11.78ab A 93.12+7.52 a 7.3M+28.58abA 114.87+38.94 a102.12+15.37 a95.50+12.16 a

Effect of nitazoxanide on R-wave of rats was shawmable 8. There were no significant differencesaieen each
administration group and control group, which iradéxd that the three doses had little influence amaRe of rats.

Table 8. Effect of nitazoxanide on R-wave of ratsfv, X +SD, n=8)

After administration (min)

Groups Before administration

10 20 30 60 90 120
CG 632.20+405.33 a 612.78+369.05%9.29+272.27 £40.70+£267.78abA 627.10+273.31ab/A97.83+119.89 &£62.79+219.67 abA
LDG 492.76+411.59a 505.18+430.1%543.16+416.06 &73.64+488.56ab/30.17+302.05abA 455.58+195.1H79.61+204.23 abA
MDG 553.02+247.22 a 564.66+217.3%549.42+315.10 &06.54+326.99 aA726.44+462.63 aA 729.89+453.86a3.27+171.73 aA
HDG 356.97+£153.92 a 358.50+118.78384.52+207.57 852.46+70.34bA  358.77+59.98bA  461.87+213.4972.86+158.42 bA

Effect of nitazoxanide on T-wave of rats was shawifable 9. As can be seen from the Table, onlydifference
between high-dose group and control group at 1Outeéh and 20minutes and the difference between each
administration group and control group at 30 miswtéier administration were significant (p<0.0%5g differences
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among the other groups were not significant (p>p.@5ndicated that nitazoxanide has a little igfhce on T-wave
of rats in 30 minutes after administration. Howevee influence disappeared after administratiom@utes.

Table 9. Effect of nitazoxanide on T-wave of ratsnfvy, X +SD, n=8)

After administration (min)

Groups Before administration

10 20 30 60 90 120
CG 41.18+15.91 aA 50.95429.30 aA 62.86+25.95 aA  69.89+32.88 aM2.71+27.81 a44.93+37.69 a46.08+32.63 a
LDG 23.50+£18.48aAB 20.07+13.76bA 29.98+233aAB 2821278bB 38.37+25.92a 38.22+17.50 a39.04+29.45 a
MDG 15.09+8.92bB 35.25+30.49abAM4.32+52.39abAB  33.44+23.62bE28.29+17.49 a34.41+35.20 a28.45+11.77 a
HDG 14.90+11.63bB 19.56+18.99bA 14.55+9.37bB 2314080bB 22.09+12.71 a21.11+12.54 a24.84+14.77 a

Effect of nitazoxanide on ST segment of rats waswhin Table 10. It can be seen from the Table ttiate was no
significant difference between every two groupsndiicated that nitazoxanide in these three doassb influence
on ST segment of rats.

Table 10. Effect of nitazoxanide on ST segment oéts (ms, X +SD, n=8)

After administration (min)

Groups Before administration

10 20 30 60 90 120
CG 10.75¢5.44 a 11.00+£3.92a 13.87#6.72a 13.13+6.813.87+x7.03a 11.62+6.65a 11.87+3.09a
LDG 12.62+4.30 a 12.37+3.81a 16.25+9.89a 15.5(5-6.9.8.00+11.28 a18.25+16.49 a18.00+14.15 a
MDG 15.87+10.90 a 15.25+12.62 a13.62+8.83 a  16.25+8.37 dl4.75+4.13 a 12.62+4.27a 13.25¢3.88 a
HDG 10.00+3.58 a 12.50+4.65a 11.62+4.13a 18.50%8.19.87+16.12 2 13.37+3.96 a  15.37#5.78 a

Effect of nitazoxanide on nervous system of mice

Effect of nitazoxanide on ability of climbing poté mice was shown in Table 11. As can be seen fl@nTable, at
10 minutes after administration, the difference®agithese groups were not significant. While aeotest time,
the differences between certain administration grand control group were significant. The certaimaistration
group may be HDG, MDG or LDG. It depended. All thagsults indicated that nitazoxanide can influetime
ability of climbing pole of mice, but there was dose-effect relationship.

Table 11. Effect of nitazoxanide on ability of clirbing pole of mice (grade, X +SD, n=10)

Grouns Before After administration (min)
p administration 10 20 30 60 90 120 150 180
cG 0+0bB 0x0a 00 DbA 00 bB 0+0bB 0+0bB 0%0bB DE) 020 bB
LDG 0+0bB 0+0a 0.35:0.41aA0.35+0.34aA 0.20+0.25acA.35+0.41aA 0.35+0.41 aA 0.45+0.36aA 0'5210'40
MDG 0.1540 aA 01’2'24 0'1210'21 0.3040.26a A 0.25:0.26aA 0.3040.25aA 0'2252'25 0.2040.25bAB 0'430'36
HDG 0:0.0308  0*013 O.75RLSL - 0.050.16 ¢ 4540, 150cA 0'05/1_'\0'1% 0.05£0.15bA 0.05£0.15bB 0.05:0.15bB

Effect of nitazoxanide on positive reflection ofamiwas shown in Table 12. In the process of talabf these mice
landed with four legs perpendicular to the ground & was same in the three repeats. It indicatat itazoxanide
had no influence on positive reflection of mice.

Table 12. Effect of nitazoxanide on positive refleon of mice (scores, X +SD, n=10)

After administration (min)

Groups Before administration

30 60 120

CG 4+0 4+0 4+0 4+0
LDG 440 440 440 440
MDG 410 4+0 4+0 4+0
HDG 4+0 4+0 4+0 4+0

Table 13. Effect of nitazoxanide on muscles fatigugf mice (s, X +SD, n=10)

After administration (min)

30 60

CG 47.90+£35.71 abA 38.50+21.79 bA
LDG 37.30+20.39 bA 130.70£174.43 aA
MDG 82.70+69.21 aA  103.70+85.57 abA
HDG 40.30+£26.07 bA 48.60+27.38 abA

Groups

Effect of nitazoxanide on muscles fatigue of micasvehown in Table 13. In most cases, the diffeiemere not
significant, only at 60 minutes after administratiohe difference between LDG and CG was significdhe stay
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time of mice in LDG was longer than that in CG. Traeult indicated that nitazoxanide can’t incretime muscles
fatigue of mice.

At each test time, the mice didn’t show abnormafqrenance, posture and gait and had no abnormaigegsasuch
as Salivating, muscle tremors, pupil change, mbugiathing, convulsions, vertical hair, diarrheathivi two weeks
after the test, these abnormal performance, pgsjaieand changes still hadn't occurred. And spappetite, desire
to drink of these mice were all normal. There wasamnice to die.

CONCLUSION

According to technical guidelines of drug safetyaphacology studies, on the one hand, effect okzaitanide on
cardiovascular system and respiratory system o$thatized rats was tested. By this method, theference of
stress response and surgery to related physiologidices of experimental was reduced effectivehd at was
ensured that the various physiological indicat@ns eflect more accurately the true state of expemial animals.
On the other hand, the effect of nitazoxanide anawes system was obtained by testing locomotowriggtof mice.
Results indicated that in the dose range 100mg-4g@amnitazoxanide affected little to cardiovascudgstem and
respiratory system of anesthetized rats and did significantly inhibit central nervous system of cei All
above-mentioned information indicated that theicéihguidance dosage investigated in the test \&fes # should
be investigated further more whether nitazoxanateaffect clinical effect in larger dosage.
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