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Abstract

Introduction: Carbon tetrachloride (CCly) is a common chemical solvent that causes oxidative stress and brain damage.
Alpha-pinene, with antioxidant properties, is important in reducing oxidative stress and improving inflammation.
However, Alpha-pinene has low bioavailability due to low solubility. This study aims to investigate the protective effects
of Alpha-pinene nanophytosome on brain damage caused by CCly in male rats.

Methods: In this research, 35 male Wistar rats were divided into five groups: control, Alpha-pinene nanophytosome (50
mg/kg) for 14 days, CCls (1 mg/kg) twice a week for 14 days, and two CCly treated groups with Alpha-pinene and Alpha-
pinene nanophytosome (50 mg/kg) for 14 days. Finally, the levels of malondialdehyde (MDA) and glutathione (GSH),
as well as the activity of superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) enzymes were
investigated.

Results: Our results revealed that the level of GSH (P<0.001) and the activity of antioxidant enzymes (P<0.01) in the
brains of rats receiving CCly significantly decreased compared to the control group, while the Alpha-pinene
nanophytosome increased significantly. The level of MDA in the brain of rats receiving CCly increased significantly
(P<0.001) compared to the control group, while Alphapinene nanophytosome significantly reduced MDA level.

Conclusion: This research shows that Alpha-pinene nanophytosomes can protect the brain against oxidative stress and
damage caused by CCly,

Keywords: Antioxidant enzymes, Alpha-pinene nanophytosome, Carbon tetrachloride, Lipid peroxidation, Oxidative
stress.
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Figure 1- Effects of APNP on catalase enzyme activity in brain damage caused by CCls. The graph is plotted in terms of
mean + standard deviation. One-way analysis and variance and Tukey supplementary test (n=7 in each group). CCly;

carbon tetrachloride, AP; Alpha-pinene and APNP; Alpha-pinene nanophytosome. (*P<0.01) as compared to control
group. (*P<0.05) as compared to CCls group.
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Figure 2- Effects of APNP on superoxide dismutase enzyme activity in brain damage caused by CCls. The graph is
plotted in terms of mean + standard deviation. One-way analysis and variance and Tukey supplementary test (n=7 in
each group). CCls; carbon tetrachloride, AP; Alpha-pinene and APNP; Alpha-pinene nanophytosome. (“"P<0.01) as
compared to control group. (*P<0.05) as compared to CCls group. (*P<0.05) as compared to AP + APNP group.
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Figure 3- Effects of APNP on glutathione peroxidase enzyme activity in brain damage caused by CCls. The graph is
plotted in terms of mean + standard deviation. One-way analysis and variance and Tukey supplementary test (n=7 in
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each group). CCls; carbon tetrachloride, AP; Alpha-pinene and APNP; Alpha-pinene nanophytosome. ("7P<0.001) as
compared to control group. (***P<0.001) as compared to CCls group.
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Figure 4- Effects of APNP on glutathione activit in brain damage caused by CClas. The graph is plotted in terms of mean
+ standard deviation. One-way analysis and variance and Tukey supplementary test (n=7 in each group). CCls; carbon
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Figure 5- Effects of APNP on glutathione activit in brain damage caused by CCl4. The graph is plotted in terms of mean
+ standard deviation. One-way analysis and variance and Tukey supplementary test (n=7 in each group). CCls; carbon
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gy



£¢

(VoY) of bl P oyas . ) .
YA-E5 camin (09)1 2 31 oliNS (69 9 315 wlivoww § ols dollad

o -0

2 2525 3 o CCla [19] 48 j5e (g jam 55 o ozl JJohos gLl 5l Ll o ooty 4 Cansn o 7 5 SO e S CCla
Ity w5le Hlosyamd 5mST Jlad slad S @ 5 03,8 il ys 1y CCly Sk sy 5he 5 AS ladl 35 o0 (o il (slaplul
O (L (e (gl oS 5 33T SISl 558 o 050 ol (CCIB009) JouSs s Joias AS (5 5 5 (CCI3) Jzos IS 5
4] el las e o30St ol ) S0 SN L e 5 B ) sboa ST ST oy 55 kS 5 Sk OemildenST s alidl L5l
Sl (2153 Sl GSH 2alS s o 2alS 1, GSH pelaw 5 201331 1) MDA pelans CCla (g0 30 oy 5 ool anlllas gl il
2 CClaas L5,8 218 Yo YV b 53 [19] Sy 5 555 candllan ol (slasly 53 235 g0 8535 Jols5 55 I 5 531 o il 4 e
gk CCla 3253 51 g 0013 083 [20] 0hlSan 5 a5 andllas cppizmad S ooyl g 50 53 1y Copans il 5 o0 S5S 0 S s V 350

Sl bl e e 531, MDA cb.dj sl GSH

o 45 25 e DI e Sladshr Db pdS s (63, es Glacys s 5 5lies 556518 dile plaiSs 5 (S35 2 selamS) DS
GPx 5 CAT SOD _jla.s| =T LSL%-L-"T Sl oS sl plis L T ezmer 120] 558 00 O oIS 5T L;uﬁ;j CAle pals
455 oLed Y VA b 53 [B] 0K 5 5 sl andlas (3085 cpl glinly 53 ool g e CCls oo 0diasg LS 4 Al oo alS
55 b H2O2 (1S53 oy o s ol s Lo sy ol L o8 55 oo 1T 5T (sl 5T e 2alS S, CCla 5
Sl 2ol )38 e 30 oy 5T S lab il y Jols pe 558 ool 5l y50 GPX 5 CAT Loy (3 5 SOD Laws 5 Oz S5
Gl 5T Sl Gl s Jobo glid 5 Shae 5 (S USG5 Easl dil5 oo 45 Col ol o 3Ll ROS L GPx 5 CAT SOD

gt gl ol 4 mie LT 2S4S 53 s oo Rl ) L Sl T plis 5 S plie gl33pm ¢ 51anST 2T

o5 Jsb syl b 5l Clablows ameiys 5 3BT (GJGsly bl 4y o84S 03 S i s ST 5T S0 ol yiea 050 by AT
kﬁm;llﬂ Lfilb L;)Lw C,W‘)J MDACEM‘):\AK} GSH c]d.m&bﬁ\ &:;LJ mLﬂJT‘\SW\ ol U’zjl}f [21] Caw-" &:amsj):\:w J.A\jﬁ
[22] §)\Kan 5 ilsl gy [21] sl [agl33l 1y sl 5 (36 53 100nST il il 55 15 d b Sl g 5 B sbay il i s
54 emnedS (5 5 U S coys) < ii) S (ALT, AST, ALP, TB, UA) sluandism (st 2ehl 53 1y i@l habloes 285 Y2 VY Jlu 5o

.x;;;wjfdlyA:KjﬁJJCCh)IJLbW);\)NOQWW

Sl 5l s sl Lol SUls ¢ oo 55 o SN s 4 a8 s a8 LS5 a3 L 381 a8 ol osls g LiS sdate Sl Uas
(}.:_J.}o )\ dj" 4.353‘5))" u.k> (.)J;C..A J}"LSLM\"U’ J.’J}‘U.) Lﬁ‘jgf‘)f Jﬁ}a aj\.\i\ 4&.3\,35))’\.9 .5}.34& S 9o Jﬁ)‘ dﬂ.&éjﬁﬁ
O.:\ ‘-;.'-mi) g;"'h‘j’) &wj&xﬁ LSJU:’.ki 3 g e a).a.“.g )).]os\g LAJA:- j.'La )l osldiwl a5 ol ol ul)‘; A o0 UI«A\S o3l )Li;'é\
4 Cd (57542 ) B 5 g o oS ds ALS Slaolas sV gn 5 51 (St 59 Laps s sl 15 o Jlad Sy DS 5
SILLL s 4 558 (655 M6 LS5 a8 sls LS Yo YT Jlw 55 [23] o SSes plde ol ol J10] w05 @l) AL slaoslas
SManST 5T 5 550 ol Ao S 6l w555 0335850 N5 s 555 055 5B b 4 Comd (S 50S Fn) (oopl B Jyvsg;g»;
O oledkew (ajj);}j}lj aS Wby oLl Y oYY Jle s [24] oL Ken (“Jﬁﬂ Oemen AL e wline 595 53 i 5S4 Cad (G
ol SN se gbar sledkin a3 e Vge b 3513 CCla 3l 36 (S oo 53 aslocki & o (55 G AS ablon
Tt DS b3l Gl 5030 b33l ) e sloskons (a3 (ool b g 55 o ) sbas o slacdon 53528 5 pimen 513 GRI3N  slackons
0355350 45 s o LS 55 ol anlllas ol s CCla b Cononn 31 (36 (Jshor it o 550 5 51T 5T (slaea 5T b
2 1) ke GSH mhaws ST £2578 50 b sled mzman rs o S4I331 | GPX 5 CAT SOD ST 5T 6La(.w~sT Clad ool
ke gl dd gyl E— Sl b LB la S8 wlin das e rals' |y MDA Cl:.w) i3 CClg oS sils 5s (sla fse
o Sladllas U by g5 0l 310l Sy diz o o S e3lital e ) LIS alidl 5 s I L 08 ) ol oizean 5 S50
Sl 213 Rl shaien andlas pl 55 @S 1S (8t Sl 0355850 3l Sl 50 S _obulsl Lol Lles S aslis
s g 03ls Comd T 5552850 S T Cdlad s 4 Vel Sl 31 epl ol alyl 5 aslo ool p257850 Jb sl sl




e Sl g3 ontlaf g3 gid g3 e Cliblono S / o) \Kom 5 0315 5

L S oo D1 0T e S 5 ey ol p s 0 Gl alilTa G 1) il 928 50 (6 5 candlae ol gl 550003
g S T e 5850 (ST (383 ancdlSo b LS o0 05 0l 5 (J5S g0 prdane 55 2ty Slalllas 4 5L

S S A5 -F

33 551nS) sl a3l SlanST 5T sla e la alS Cel Jigme 555 VY (b 53 CCla (e e a5 ol olis i ) slaasly
ol 5 g3lenST gl 53 g 5 BB Al Esly ST ST Cnls mils s 4 T £2)5550 5 STl plys s sae
dglie 53 (G 3Rem g e ) e (pda3 58 5 VU ) oeal 5 SV s 0 il 055523 50 (63500 ST e S (G50
S ol o ke (sl ez 5506 G L5 oo cplnly (ol 2y CCLa L Bl (500 sl Jis 3 (5 Radir by WL

sk

&I ool

J.J@meﬂjﬁw ALJJJAU:J}L.‘..A)‘ "J“:‘"‘Ju:’“b Qaﬂ\wjf(abu\ Q\)J.:)Lao&u\bdl&ﬁj};@)w QL&L&A}};J‘
&L o)l

..x;)\.udéu;l.‘p:@smfpu\@@@j;

&Llw

[1] Weber, L. W. D., Boll, M., & Stampfl, A. (2003). Hepatotoxicity and mechanism of action of haloalkanes: carbon
tetrachloride as a toxicological model. Critical reviews in toxicology, 33(2), 105-136. DOI:10.1080/713611034

[2] Okoro, I. O., Kadiri, H. E., & Inegbedion, A. (2019). Ameliorative effects of Allium cepa extract on carbon tetrachloride
neurotoxicity in rat. Thai journal of pharmaceutical sciences, 43(1), 14-20.

[3] Shaalan, S., Radwan, O., & Saleh, H. (2017). Role of wheat germ oil against carbon tetrachloride-induced neurotoxicity in
brain tissues of adult male mice. Egyptian journal of zoology, 67(67), 1-18. DOI:10.12816/0037791

[4] Zaib, S., & Khan, M. R. (2014). Protective effect of Cucurbita pepo fruit peel against CCI4 induced neurotoxicity in rat.
Pakistan journal of pharmaceutical sciences, 27(6), 1967-1973.

[5] Altinoz, E., Erdemli, M. E., Gul, M., Aksungur, Z., Gul, S., Bag, H. G., ... & Turkoz, Y. (2018). Neuroprotection against
CCl4 induced brain damage with crocin in Wistar rats. Biotechnic and histochemistry, 93(8), 623-631.
DOI:10.1080/10520295.2018.1519725

[6] Mughal, T. A., Saleem, M. Z., Ali, S., Anwar, K. K., Bashir, M. M., Babar, M., & Khan, M. A. (2019). Evaluation of
hepatotoxicity of carbon tetrachloride and pharmacological intervention by Vitamin E in Balb C mice. Pakistan journal of
zoology, 51(2), 755-761. DOI:10.17582/journal.pjz/2019.51.2.755.761

[7]1 Taamalli, A., Feriani, A., Lozano-Sanchez, J., Ghazouani, L., El Mufti, A., Allagui, M. S., ... & Arraéz-Roman, D. (2020).
Potential hepatoprotective activity of super critical carbon dioxide olive leaf extracts against CCl4-induced liver damage.
Foods, 9(6), 804. DOI:10.3390/foods9060804

[8] Allenspach, M., & Steuer, C. (2021). a-Pinene: a never-ending story. Phytochemistry, 190, 112857.
https://doi.org/10.1016/j.phytochem.2021.112857

[9] Jain, N., Gupta, B. P., Thakur, N., Jain, R., Banweer, J., Jain, D. K., & Jain, S. (2010). Phytosome: a novel drug delivery
system for herbal medicine. International journal of pharmaceutical sciences and drug research, 2(4), 224-228.

[10] Ghanbarzadeh, B., Babazadeh, A., & Hamishehkar, H. (2016). Nano-phytosome as a potential food-grade delivery system.
Food bioscience, 15, 126-135. DOI:10.1016/j.fbio.2016.07.006

[11] Al-Askar, M., Bhat, R. S., Selim, M., Al-Ayadhi, L., & El-Ansary, A. (2017). Postnatal treatment using curcumin
supplements to amend the damage in VPA-induced rodent models of autism. BMC complementary and alternative medicine,
17(1), 1-11. DOI:10.1186/s12906-017-1763-7

[12] Panahi Kokhdan, E., Ahmadi, K., Sadeghi, H., Sadeghi, H., Dadgary, F., Danaei, N., & Aghamaali, M. R. (2017).
Hepatoprotective effect of Stachys pilifera ethanol extract in carbon tetrachloride-induce hepatotoxicity in rats.
Pharmaceutical biology, 55(1), 1389-1393.

[13] Khan-Mohammadi-Khorrami, M. K., Asle-Rousta, M., Rahnema, M., & Amini, R. (2022). Neuroprotective effect of alpha-
pinene is mediated by suppression of the TNF-o/NF-kB pathway in Alzheimer’s disease rat model. Journal of biochemical
and molecular toxicology, 36(5), €23006. DOI:10.1002/jbt.23006

€0



€1

[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

(VoY) of bl P oyas . ) .
YA-E5 camin (09)1 2 31 oliNS (69 9 315 wlivoww § ols dollad

Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Analytical biochemistry, 72(1-2), 248-254. https://doi.org/10.1016/0003-2697(76)90527-
3

Genet, S., Kale, R. K., & Baquer, N. Z. (2002). Alterations in antioxidant enzymes and oxidative damage in experimental
diabetic rat tissues: effect of vanadate and fenugreek (Trigonella foenum graecum). Molecular and cellular biochemistry,
236(1-2), 7-12. DOI:10.1023/A:1016103131408

Sharma, M., & Gupta, Y. K. (2002). Chronic treatment with trans resveratrol prevents intracerebroventricular streptozotocin
induced cognitive impairment and oxidative stress in rats. Life sciences, 71(21), 2489-2498. DOI:10.1016/S0024-
3205(02)02083-0

Fukuzawa, K., & Tokumura, A. (1976). Glutathione peroxidase activity in tissues of vitamin E-deficient mice. Journal of
nutritional science and vitaminology, 22(5), 405-407. DOI:10.3177/jnsv.22.405

Kim, M. S, Lee, J. I, Lee, W. Y., & Kim, S. E. (2004). Neuroprotective effect of Ginkgo biloba L. extract in a rat model of
Parkinson’s disease. Phytotherapy research, 18(8), 663-666. DOI:10.1002/ptr.1486

Zargar, S., & Wani, T. A. (2021). Protective role of quercetin in carbon tetrachloride induced toxicity in rat brain:
Biochemical,  spectrophotometric  assays and  computational  approach.  Molecules, 26(24), 7526.
DOI:10.3390/molecules26247526

Ritesh, K. R., Suganya, A., Dileepkumar, H. V., Rajashekar, Y., & Shivanandappa, T. (2015). A single acute hepatotoxic
dose of CCl4 causes oxidative stress in the rat brain. Toxicology reports, 2, 891-895. DOI:10.1016/j.toxrep.2015.05.012
Bouzenna, H., Hfaiedh, N., Giroux-Metges, M. A., Elfeki, A., & Talarmin, H. (2017). Potential protective effects of alpha-
pinene against cytotoxicity caused by aspirin in the IEC-6 cells. Biomedicine and pharmacotherapy, 93, 961-968.
DOI:10.1016/j.biopha.2017.06.031

Udavant, P., Gurav, P., Kanade, G., Dashputre, N., Sable, R., Khairnar, S., ... & Raut, H. (2023). Evaluation of
hepatoprotective and nephroprotective effect of a-pinene on wistar albino rat. Biomedical and pharmacology journal, 16(1),
103-112. DOI:10.13005/bp;j/2592

Hajizadeh Moghaddam, A., Eslami, A., Jelodar, S. khanjani, Ranjbar, M., & Hasantabar, V. (2023). Preventive effect of
quercetin-Loaded nanophytosome against autistic-like damage in maternal separation model: the possible role of Caspase-
3, Bax/Bcl-2 and Nrf2. Behavioural brain research, 441, 114300. DOI:10.1016/j.bbr.2023.114300

Shriram, R. G., Moin, A., Alotaibi, H. F., Khafagy, E. S., Al Sagr, A., Abu Lila, A. S., & Charyulu, R. N. (2022). Phytosomes
as a plausible nano-delivery system for enhanced oral bioavailability and improved hepatoprotective activity of silymarin.
Pharmaceuticals, 15(7), 790. DOI:10.3390/ph15070790




