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Studiesoftheacuteandsubacutetoxicity ofthe aqueousextractoftheleaves of

Ocimumgratissimum(Lamiaceae)inthemouse Musmuscul

Abstract
Ocimum gratissimum is a medicinal plant that is widely used in the world, and has multiple
uses in traditional medicine,including thetreatment ofepilepsy in children. Theobjectiveof

thisstudywastoevaluatetheacuteandsubacutetoxicityofdecoctionofOcimumgratissimum leaves

in Mus musculus mice. For acute toxicity, the aqueous extract was administered to randomly .| Comment [H1]: How was the extract for acute
. R - toxicity ac_injlinist_ered? Daily , weekly and single
selected animals at doses of 50, 300 and 2000 mg/kg body weight; then they were dose administration

observedforl4days.Forsubacutetoxicity,theextractwasadministereddailytomiceofboth
sexesatdosesof250,500and1000mg/kgbodyweightduringthe28daysoftheexperiment.
Bodyweightwasmeasuredweekly,haematological,biochemicalandhistologicalparameters
were analysed after animal sacrifice. The aqueous extract of Ocimum gratissimum did not
cause any mortality or significant changes in relative animal and organ weights during the

acuteandsubacutetestsatalldoses,Similarly,nosignificantchangesinfoodandwaterintake

agreement with your results in figure 3 and 4

wereobserved. Thelethaldose50wasestimatedtobegreaterthan2000mg/kg (LD50>2000 mg/kg). - { Comment [H2]: Correct it or remove not in

There were no significant changes in haematological parameters in the different batches

treated. Therefore, the oral aqueous extract of Ocimum gratissimum did not produce any

adverse side effects in mice in the acute and subacute ftests. _{ comment [H31: Recast the abstract

Keywords: Acute toxicity, Aqueous extract, Ocimum gratissimum, Mice, Sub-chronic

toxicity.
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1. Introduction

In Africa, the therapeutic attributes of plants were known to populations empirically
[1]. For a long time, they have played a very important role for humanity, as they can
synthesize a large number of complex organic molecules, often with potential biological
activities. Tothisend,Cameroonhasanundisputedpotentialduetothediversityandrichness
ofitsflora.Plantsprovidenaturalresourcesthatareessentialforthesurvivalanddevelopment of
populations. Allabi et al. [2]; as well as WHO reports [3] rightly report, therefore, that plants
contribute to food security and primary health care in nearly 80% of the population in
developing countries. However, despite the advent of generic drugs in these countries, many
treatmentsremaininaccessibletofinanciallydisadvantagedpopulations.Associatedwiththis
economicfailure,thesideeffectsofsyntheticmoleculeshaveaccentuatedtheuseofmedicinal
plants for therapeutic purposes in recent years [4]. In addition, since a significant number of
these plants can be toxic [5], a good knowledge of their metabolite constituents as well as
toxicity is necessary for adequate use in the formulation of traditionally improved drugs.

Ocimumgratissimum isa plantthatisverycommoninseveral ecosystems, withvery little
demand in climatic conditions. It is a pantropical species found in the Americas and tropical
Africa, India, and South Asia thanks to its ease of adaptation [6,7]. It is used in the
traditionalsystemasacondimentforculinary,ornamental, ritualisticpurposes;inCameroon  and
northern Brazil [6,8]. People in Benin use it to treat diarrhea, dysentery, hypertension,
candidiasis, diabetes in pregnant women, and Buruli ulcer [9,10,11]. Its flowers and leaves
are rich in essential oil and are used for the preparation of tea and infusions [12].

Previous pharmacological work on O. gratissimum has highlighted certain chemical
constituentsofitsleaves:Eugenol,linalool,methylcinnamate,camphorandthymol[13].The
eugenol contained in the essential oil of O. gratissimum justifies its use in the control of
Herpetomonas samuelpessoai [14]. Researchers have highlighted its antimicrobial and
antifungalproperties[8],antioxidantcapacity[15],immune-stimulating[16],anti-tumor[17] and
hepato-protectiveeffects [12]. In addition, thereare very few studies on its toxiceffects.
Theaimofthisworkwasthereforebetostudytheacuteandsubacutetoxicityoftheaqueous extract of

O. gratissimum.

2. Materialand Method

2.1. Plantbiologicalmaterialandpreparationofextracts
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The leaves of O. gratissimum were harvested in the morning in the city of Yaoundé
(Adamaoua-Cameroon), and were dried at room temperature of 25 ° C for a week. A
sample of the plant was deposited at the National Herbarium of Yaoundé and identified
underthenumber73616 HNC.Theleaveswerecrushedwithamortarandsievedtoobtain
apowder.Adecoctionwaspreparedbyintroducing10gofdrypowderofO.gratissimum
intoatubecontaining50mlofdistilledwater. Thesetwasbroughttoaboilfor20minutes on a hot

plate. After cooling, the mixture was filtered using Whatman paper number 1, then the

water was evaporated in the oven (at 60 ° C). The process made it possible to obtain 0.83 ,——{Comment [H4]: Please indicate the
- specification/model of oven used

grams of dry extract of O. gratissimum, giving a yield of 8.3%, stored in the refrigerator

and used for futures studies.

2.2. PhytochemicalanalysisofOcimumgratissimum
Chemicals tests were carried out on the extract using standard procedure to identify

the constituents as described by Pessoa et al.; Soforwa and Trease and Evans [18,19,20].

. . { Comment [H5]: Animals used
2.3. Animalmaterial

Ten (10) week old white Mus musculus mice were used for the acute toxicity test.
Miceweighing18+6gwereusedforthesubacutetoxicitytest. Alltheseanimalscamefrom the
animal facility of the Faculty of Sciences of the University of Ngaoundere (Cameroon). The
animals were raised under ambient temperature conditions, subjected to a 12-hour/12-
hourlight/darkcycle,withfreeaccesstowaterandstandardfeed. Theexperimentswerealso carried

out in accordance with the national guidelines (reg. No.FWA-IRB00001954).

2.4. Chemicalsused
Allbiochemicalassayswereperformedusingthe"CRESCENTDIAGNOSTICS"kits  for

proteins, transaminases, and creatinine, and the "Human" (Germany) kits for the lipid [profile, - { Comment [H6]: Please the Lot No of kits used
""""""""""""""" should be indicated

2.5. Determinationofacute toxicity

The acute oral toxicity study of the aqueous extract (decoction of O. gratissimum
leaves) was evaluated on six white Mus musculus mice in accordance with the OECD
(Organization for Economic Co-operation and Development) Test Guideline No. 423 for the
Testing of Chemicals adopted on 17 December 2001. An acute toxicity experiment was
conducted in accordance with guideline 423 of the OECD Protocol. Ten-week-old mice of
both sexes were fasted forl2 hours.Three (3) batches offive (5)mice wereadministered the

aqueousextractofO.gratissimum,peros,atdosesof50,300,2000mg/kgbodyweight,
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respectively. The control batch was given distilled water. After treatment, the animals were
observed individually at least once during the first 30 minutes and regularly for the first 24
hours after treatment. Then, they were fed and observed after 4, 8 and then 14 days during
which the symptoms of poisoning (coat changes, motility, tremors, grooming, breathing,

sensitivity to noise, as well as death) were noted.

2.6. Determinationofsubacutetoxicity

The experimental protocol used for the assessment of subacute toxicity was that
described by the modified OECD 407 Guidelines for the Testing of Chemicals, adopted on 3
October 2008 [21]. To do this, 40 animals, i.e. 20 males and 20 females previously fasted for
12 hours, were divided into 04 batches composed of 5 males and 5 females each. The mice
werethentreatedasfollows:batch1,receivingdistilledwateratadoseofimL/100mgbody ~ weight
(control batch); Batches 2, 3 and 4 receiving a solution of the extract at doses of 250,
500,1000mg/kgbodyweightrespectively. Twobatches5and6farmingthesatellitebatches
composedofmaleandfemaleanimalsrespectively,andreceivingal 000mg/kgdosesolution of the
extract were also constituted. Administration of the extracts was carried out by gavage using
an esophageal tube daily, over a period of 28 days. At the end of the treatment, mice
frombatches1,2,3,and4werefastedfor24hours,thenanesthetizedbyinhalationofDiethyl ether
and the blood was collected in dry tubes. This blood was centrifuged at 4900 rpm, the

supernatant was collected and stored at -20 °C for biochemical analysis. After dissection, the

brain, liverandkidneyswereremovedandpreservedforbiochemicalandhistologicalstudies. | comment [H7]: Kindly indicate how the organs
i i e - were p_reserved for biochemical and histological
Animals from satellite batches (batches 5 and 6) were observed an additional 14 days after analysis

discontinuation of treatment and sacrificed on day 42. Organs and blood were also collected

for biochemical analyses.

2.7. Biochemical Analyses
2.7.1.ProteinAssay

Serumproteins weremeasured bytheBiuretmethod [22].
*Principle:Inabasicmedium,tartrateformsasolublecomplexwithcupricsalt. Theaddition of one
protein displaces the copper in the complex to form another violet-colored complex.
Theintensity ofthestaining is proportional to the concentration ofproteins in thesolution to be
measured.
*Procedure: The tubes used for protein assay were prepared and supplemented with the
various reagents in the order shown in Table 7 below.

Tablel:ProteinAssayProtocol



UNDER PEER REVIEW

Constituentsof reagents White = StandardTube = Sample Tubes

Biuretreagent(mL) 1 1 1
Standard(uL) - 25 -
Sérum(uL) - - 25

Thetubeswerestirredandincubatedbetween20and30°Cfor20min.Opticaldensitieswere

sample tubes is determined from the following formula:

Dosam e -
[Protein] (g/dI)Z—LXStandard Concentration

'standard
2.7.2. Creatinine assay

CreatininewasmeasuredbyJaffé'scolorimetricmethod,usingthe"CRESCENT DIAGNOSTICS" kit.
*Principle: Creatinine reacts with picric acid in an alkaline environment to form an
intense yellow complex. The amount of complex formed is directly proportional to the
creatine level in the sample.

*Procedure: TestingwasperformedinthetesttubesasshowninTable2. Table

2: Creatinine Testing Protocol

Reagent WhiteTube = Standardtube Sample tubes
Standard(uL) - 100 -
Sample(uL) - - 100
ReagentMixture(mL) 1 1 1

492 nm after 30 seconds (Al) and again after exactly 90 seconds (A2). The concentration of
creatinine is obtained by the formula:

(AZ - Al)Sumple

[Creatinine](mg/dL) =ﬂ x[Standard]
2

—A )S tandard

2.7.3. TransaminaseDetermination
Determinationoftransaminasicactivities(ALTandAST)wasperformedaccordingto the
method described by Gella et al., [23] using the "CRESCENT DIAGNOSTICS" kit.

*Principle: Transaminases (aspartate aminotransferase (AST) and alanine aminotransferase

(ALT) catalyze the following reactions, respectively:

{ Comment [H8]: Model and country of make

should be specified

|

~{ comment [H9]: Tabular presentation of
procedure is not ideal please, write it out in words
and in block format without numbering

{ Comment [H10]: Same as above
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ASAT

ALAT
L-Alanine+a-cétoglutarate >  Pyruvate+ Glutamate

A

L-Aspartate+a-cétoglutarate

— Oxaloacétate+ Glutamate

A

ALT and AST catalyze the transfer of the amino group of alanine to a-ketoglutarate to form
pyruvate and glutamate, and from aspartate to a-ketoglutarate to form oxaloacetate and
glutamate, respectively. The pyruvate or oxaloacetate formed reacts with 24-
dinitrophenylhydrazine (DNPH) to give the brown pyruvate hydrazone or oxaloacetate
hydrazone complex that absorbs in the presence of NaOH at 340 nm. The intensity of the
staining is proportional to the amount of pyruvate or oxaloacetate in the medium, i.e. related
to the activity of ALT and AST.

*Procedure:SerumtransaminaselevelwasassessedaccordingtotheprotocolinTable3.

Table3:TransaminaseAssay Procedure| __{(comment [H11]: Same as above

Sample(uL) 200
Reagent1(uL) 1000
Homogenizedandincubatedfor 1minuteat 37°C

Reagent2(uL) 250

Once all solutions were introduced, the tubes were agitated and the absorbance (A) was read
at340nmeveryminutefor03minutes. Theenzymaticactivityoftransaminaseswasobtained  from
the following formula:

Activity(U/L)=AA/minx 1746
AA=changein absorbancebetween 2 timesintervals;
AA/min=changeinsampleabsorbanceperminute; 1746 =

multiplication factor.
2.7.4. TotalCholesterolDetermination

Total cholesterol (TC) was measured in serum using the CHOD-PAP method with
Lipid Clarifying Factor (LCF) using the CHOLESTEROL liquicolor Kit.

*Principle: Cholesterol is determined after oxidation and enzymatic hydrolysis. In the
presence of phenol and peroxidase, the indicator quinoneimine is formed from hydrogen
peroxide and 4-amoniantipyrine.

CholesterolEster+H20 ~ CHE  Cholesterol+Fattyacid

Cholesterol+O,  CHO  Cholestene-3-one+H,0>

2H,02+4-amino-antipyrine+ phenol POD  Quinoneimine+4 H.0O
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*Procedure:

1 C t[H12]: S by
Table4:CholesterolMeasurement Procedure - S

Insertintotubes White reagent SampleorStandard(STD)
Sampleor Standard 10 ul
RGT/R1 1000 pl 1000 pl

Onceallsolutionshadbeenintroduced,thetubeswereagitatedandthenlefttoincubatefor 10 min at
25°C, the absorbance (6A) was read at 500 nm after 60 min. The cholesterol concentration

was obtained by the following formula:

0a
0ASTD

[Cholesterol]=[STD]x [mg/dl]

[Cholesterol]=Concentrationofcholesterolinthesample 0a=
Absorbance of the sample
[STD]=Standardconcentration(210mg/dl)

06ASTD = Standard Absorbance

2.7.5. TriglycerideDetermination
*Method:Triglyceride(TG)wasmeasuredinserumusingtheCHOLESTEROLIliquicolor  test
kit.

*Principle:Triglyceridesaredeterminedafterenzymaticdegradationbylipoproteinlipase
(LPL).Theindicatorquinoneimineisformedfrom4-aminoantipyrineand 4-chlorophenol by

hydrogen peroxide under the catalytic action of peroxidase.

Triglycerides _LPL _  Glycerol+Fattyacid
Glycerol+ATP GK_,  Glycérol-3-phosphate+ADP
Glycerol-3-phosphate+O, _GPO | DihydroxyacetonePhosphate+ADP

2H20,+Amino-antipyrine+4-Chlorophenol ~ _POD_  Quinoneimine+Hcl +4 H,0

*Procedure:

{ Comment [H13]: Same as above

Table5:TriglycerideDeterminationProcedure

Insertintotubes White Standard/Calibrator Sample
Reagent 1000 pl 1000 pl 1000 pl
Sample - - 10 ul

Standard/Calibrator - 10 pl -
distilled Water 10ul - -
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Onceallthesolutionshadbeenintroduced, thetubeswereshakenandthenincubatedfor10 min at
37°C, the absorbance of the samples (6asample) and the standard (0ASTD) was read at 500
nm against the reactive blank after 60 min. The enzymatic activity of triglycerides was

obtained from the following formula:

(eA)Sample

(0r)stp x[STD]

[Triglycerides](mg/dL)=
[Triglycerides]=Concentrationoftriglyceridesinthesample (0A)sample =
absorbance of the sample
[STD]=Standardconcentration(200mg/dl)

(0A) STD = absorbance of the standard

2.7.6. HDLandLDL CholesterolDetermination
HDLcholesterolwasmeasuredinserumbytheprecipitationmethod;usingthe

CHOLESTEROL liquicolor test kit.

*Method: Chylomicrons, VLDL (Very Low Density Lipoprotein) and LDL (low density

lipoprotein) are precipitated by adding phosphotungstic acid and magnesium chloride

(PREC). After centrifugation, the supernatant contains the HDL (high-density lipoprotein) __—{ comment [H14]: Please remove

fraction which is analysed for the presence of HDL cholesterol using the CHOLESTEROL

liquicolor test Kit.

*Procedure:
Precipitation

200 pL of our sample and 500 pL of PREC were pipetted and fed differently into
centrifuge tubes. Once all solutions were introduced, thetubes were stirred and then allowed
to incubate for 10 minutes at room temperature, and the solutions were subsequently

centrifuged for 2 minutes at 10000g.

Determinationof cholesterol

. . -1C H15]: S b
Table6:DeterminationofiCholesterol R G BT

Pipette in the bowls White reagent Standard(STD) Sample
DistilledWater 100 pl - -
Standard(STD) - 100 pl -
HDLSupernatant -- -- 100 pl

Reagent 1000 pl 1000 pl 1000 pl
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Once all solutions were introduced, the tubes were shaken and then incubated for 5 minutes
at 37°C, the absorbance of the sample (0a) and the standard (6A)STD) was read at 546 nm
againstthereactiveblankafter60min.TheconcentrationofHDLCholesterolwasdetermined by

the following formula:

3.5x
[HDLCholesterol] (mg/dL)— W

A)STD

x[STD]

[HDLCholesterol]=HDLCholesterolConcentration
(0a)sample = absorbance of the sample

(0A) STD = absorbance of the standard
[STD]=Standardconcentration(210mg/dl)

LDL cholesterol concentration or low-density cholesterol is calculated from total
cholesterol (TC) concentration, HDL cholesterol concentration, and triglyceride (TG)

concentration according to Friedewal et al., [24] according to the formula below:

TG
[LDL Cholesterol](mg/dl)=CT— ( 5 + HDL)

[LDL]=LDLcholesterol Concentration
CT=TotalCholesterol TG

= Triglycerides

HDL=HDL Cholesterol

2.8. Statistical analyses

The results obtained were analyzed using GraphPad Prism 8.0.1 software and

expressedasanaveragexstandarderrorofthemean (ESM). ANANOV AOnewayanalysis { Comment [H16]: Do you mean SEM?

Comment [H17]: Remove and placed in bracket }

ofvariancefollowedbyDunnet'stestwasperformedtodeterminethedifferencebetweenthe { after one way analysis of variance (ANOVA)

batches. Values were considered statistically significant at p <0.05.
3. RESULTS

3.1. Acutetoxicity ofthedecoctionofO. gratissimum

Oral administration of thedecoction of O. gratissimum did not result in any deaths in

animalsforeachofthetestdoses(50;300;2000mg/kg). Nobehaviouraldisturbancesorother  signs { Comment [H18]: How was this ascertained? Do
""""""""""""""""""""""""""" - you carry out any spatial memory test?

of toxicity were observed during the 14-day observation period (Table 7). As stated in

OECDguidelinenumber425[25],decoctionhasbeenclassifiedaccordingtotheGlobally
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Harmonized System of Classification of Chemicals (GHS) in category-5 (2000
mg/kg<LD50<5000 mg/kg), i.e. chemicals with very low acute toxicity.

{ Comment_[HlQ]: This should be your table 1.0
Table7:EffectofaqueousextractofO.gratissimumonselectedclinicalsignsofacutetoxicity - efieiconecion

Observed Study Period

parameters

lh 2h 4h 8 J1 J2 J3 J B 6 J7 I8 J9 J0 J1 J12 J13 Ji4
Mobility N N N N N N NN NNNNNN N N N N

Appearanceof N N N N N N N N N N N N N N N N N N

the stool

Tremor A A A A A A A A A A A A AA A A A A
Convulsion A A A A A A A A A A A A AA A A A A
Salivation A A A A A A A A A A A A AA A A A A

Aggressiveness A A A A A A A A AAAAAA A A A A

Drowsiness A A A A A A A A A A A A AA A A A A
Noise N N N N N N N N N N N N N N N N N N
Sensitivity

Death 0 0 0 0/0 0O O O 0O O O 0 0 O 0 0 0 0

Legend:N=Normal;A=Absence;D =Day;0= No fatalities

3.2. Invivoevaluationof thesubacutetoxicityof theO.gratissimumdecoction

3.2.1. BehaviouralResponse
Micetreateddailywith250,500and1000mg/kgofO.gratissimumdecoctionshowed

noevidenceofbehaviouraldisturbancesduringthefourweeksoftreatment. Nomortalitywas

recorded at the different doses of the O. gratissimum decoctate. The mice's stool did not

change in appearance, and the social interaction remained the same.

3.2.2. Effects of O. gratissimum on physical and nutritional parameters in mice at
subacute toxicity

3.2.2.1. EffectsofO.gratissimum onanimalweight growth
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Figure 1 A and B shows that the evolution of the body weights of the animals is
identicalforthedifferenttestgroupscomparedtothenormalcontrolgroup,inbothmalesand

females.O.gratissimumdidnotinfluenceweightgainintheanimalscomparedtothecontrol group.
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Figure 1: A: Effects of O. gratissimum on the relative weight of male mice: B: Effect of O.
gratissimum on the weight of female mice. Each bar represents the average + SEM. CN:
Normal control, D250: dose 250 mg/kg O. gratissimum, D500: dose 500 mg/kg O.

gratissimum, D1000: dose 1000 mg/kg O. gratissimum; Sem 1, 2, 3, 4: Weeks 1, 2, 3, 4.

3.2.2.2. EffectsofO. gratissimum onthe relativeweight ofsomeorgans
AdministrationofthedecoctionofO.gratissimum(250,500and1000mg/kg)tomale
andfemaleanimalsindailydosesfor28daysdidnotcauseanysignificantvariation(p<0.05)
(Figure2).ltshouldbenotedthat,comparedtothecontrolbatch,macroscopicobservationof
thedifferentorgansofmicetreatedatdifferentdosesofthedecoctaterevealednomacroscopic  signs

of abnormality with regard to their shape or coloration.

Comment [H20]: Remember significant values
were considered at p<0.05 please adhere to one
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Figure 2: Effect of Ocimum gratissimum on relative organ weights: A: Effects of O.
gratissimumonrelativeorganweightsinmales.B:EffectofO.gratissimumonorganweights in

females. n = 5 animals per lot. The data was analysed by the two-way ANOV A, followed

ECN

m D250

D500

bytheDunnettest. CN:Normalcontrol,D250:dose250mg/kgO.gratissimum,D500:dose 500
mg/kg O. gratissimum, D1000 : dose 1000 mg/kg O. gratissimum.

3.2.2.3. EffectsofO.gratissimumonfoodandwater intake

Figures 3 A, B shows that food (3A) and water (3B) consumption do not varied
significantly in male mice treated with the different doses of the decoction (250, 500 and/or
1000 mg/kg) compared to mice treated with distilled water during subacute toxicity. In
addition,O.gratissimuminducedasmalldecreaseinfoodconsumptionat250and500mg/kg  and
moderately significant at 1000 mg/kg in the first week in females, but this consumption did
not vary in the batches treated compared to the normal control during weeks 2, 3 and 4.

However, it induced a significant decrease in fluid consumption during treatment (figure 4).

150+ 30~
. (N . CN
c
-0 £ - 0250
. € 204
100 - 050 32 = D500
D000 O D1000
Q
50 £ 10+
o
©
=
0- 0-
Sem1 Sem 2 Sem3 Semd Sem 1 Sem 2 Sem3 Sem4

A B

.1 Comment [H21]: Please check above , one way

ANOVA was used please adhere to avoid
inconsistency
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Figure 3: Effect of Ocimum gratissimum on food (A) and water (B) consumption during
subacute toxicity in males: A: Effects of O. gratissimum on food consumption in male mice.
B:EffectofO.gratissimumonwaterconsumptioninmalemice.Eachbarrepresentsthemean
+standarderroroverthemean.*P<0.05;**P<0.01;P<0.001significantdifferencesfromthe
normalcontrol.CN:Normalcontrol,D250:dose250mg/kgO.gratissimum,D500:dose500
mg/kgO.gratissimum,D1000:dose1000mg/kgO.gratissimum;Sem1,2,3,4:Weeks1,2,

3, 4.
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{ Comment [H22]: Under this figure , is it B or D? ]

subacute toxicity in females: A: Effects of O. gratissimum on food consumption in female
mice.B:EffectofO.gratissimumonwaterconsumptioninfemalemice.Eachbarrepresents

themeanzstandarderroroverthemean.*P<0.05;**P<0.01;P<0.001significantdifferences

ffromhhenormalcontrol.cN:Normalcontrol,D250:dose250mg/kg O.gratissimum,D500: { Comment [H23]: Atwhat point did you set your
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" - significant value 5%, 10% or 1% ?

dose500mg/kgO.gratissimum,D1000:dose1000mg/kgO.gratissimum;Sem1,2,3,4:

Weeks1,2,3, 4.

3.2.3. EffectsofO.gratissimum onBiochemicalParameters

3.2.3.1. EffectsofO.gratissimumonSerumLevelsofProtein,Creatinine, AST,and ALT
Table8showsthelevelsofprotein,creatinine,andtransaminasesALTandASTinthe serum

of animals after administration of the decoction of O. gratissimum for 28 days. It was

foundthatO.gratissimumdidnotalterthelevelsofproteinandcreatinineintheserumofthe

animalsineithermalesorfemales.Ontheotherhand,thedecoctateofO.gratissimuminduced a

significant increase in the concentration of AST in males, and a decrease in this

concentrationinfemales. Inaddition,O.gratissimuminducedaninverselydose-dependent
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increasein AL Tconcentrationinmales,andadose-dependentincreaseinfemales.Inaddition, this

rate returned to normal in the satellite control group after 42 days.

Table 8: Effets de O. gratissimum sur les taux sériques de protéines, créatinine, AST et ALT

Traitements/Doses Parametres

(en mg/kg)
Protéine(mg/ml) Créatinine(mg/dl) AST(IU/L) ALT(IU/L)

Males Femelles | Males Femelles = Males Femelles Males Femelles
CN 6.27+0.74 6.76x1.44 1.85+0.29 1.55+0.47 19.72+0.44 30.39+8.9 17.46+0.56 12.36+0.18
O. gratissimum 5.04+0.67 5.70+1.78 | 1.57+0.34 @ 2.10+0.48 24.49+0.38 35.24+5.61 24.80+0.43 15.46+0.19
250
O. gratissimum 6.19+0.81 6.01+0.51 0.50+0.04 1.24+0.72 23.57+1.04 22.63+6.4 22.86+0.87 14.08+0.66
500
O. gratissimum 6.15+0.59 8.97+2.26 0.65+0.45 1.28+0.49 20.26+1.31 20.69+5.72 18.46+0.44 13.00+0.19
1000
C.Sat 6.41+0.91 | 6.55+0.87  1.89+0.68 1.62+0.09 18.27+0.59 29.02+5.57 16.92+0.45 12.21+0.79

**p<0.01,***p<0.001;significantdifferencesfromnormalcontrols. CN:NormalControl;O.
gratissimum 250-1000: Doses 250, 500 and 1000 mg/kg of O. gratissimum; C. Sat: Satellite

Control; ALT: alanine amino transferase, AST: aspartate aminotransferase.

3.2.3.2. Effects of O. gratissimum on Hepatic and Renal Protein Levels, and Hepatic
Transaminase Levels

Tables 9A and 9B show the hepatic and renal protein levels in mice of both sexes
(Table 4), as well as their hepatic ALT and AST transaminase levels (Table 5) after
administrationoftheO.gratissimumdecoctionfor28days. ItwasfoundthatO.gratissimum did not
significantly alter protein levels in the liver and kidney of animals in either males or
females,orinthesatellitegroup(Table4).Ontheotherhand,asignificantdecreaseinhepatic =~ AST
was observed at 1000 mg/kg in males (p<0.001); and a non-significant decrease in hepatic
ALT levels was observed at different doses in both males and females (Table 5). In
addition,theselevelsreturnedtonormalinanimalsinthesatellitecontrolgroupsacrificed14  days

after discontinuation of treatment (Table 5).
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significant increase was observed in AST and ALT
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Table9A:EffectsofO.gratissimumonhepaticandrenalproteinlevels

Treatments/Doses Parameters
(mg/kg)
ProteinHp (g/g) ProteineRe(g/q)
Males Females Males Females
CN 51.02+0.98 42.13+0.48 26.75+0.88 17.33+0.74

O. gratissimum250 43.63+0.63  38.65+1.01 27.33+0.39 19.28+0.35
O. gratissimum500 48.72+041  44.76x0.57 23.47+0.9 15.77+0.21
O. gratissimum1000 | 42.13+0.52  31.34+0.9 20.12+0.39 22.25+0.61
C. Sat 49.96+0.84  43.85+0.93 26.02+0.56 18.00+0.35

Values areexpressedasmeanzstandarderrorover themean,n=5miceper batch.*p<0.05;
**p<0.01,***p<0.001;significantdifferencesfromnormalcontrols. CN:NormalControl;O.
gratissimum 250-1000: Doses 250, 500 and 1000 mg/kg of O. gratissimum; C. Sat: Satellite

Control; Hp protein: Liver protein; Re protein: Renal protein.

Table9B:Effectsof O.gratissimumonhepaticASTandALT Levels

Treatement/Doses Parameters

(mg/kg)
AST (IU/L) ALT(IU/L)
Males Females Males Females
CN 13.38+0.74 5.82+0.84 15.9+0.86 15.90+0.6
O. gratissimum250 10.47+0.97 6.59+0.78 9.5+0.56 11.33+0.43

O. gratissimum500 9.31+0.92 8,34+0.38 12.02+0.31 12.61+0.52
O. gratissimum1000 @ 6.79+0.52*** | 6.4+1 9.5+0.03 9.70+0.07
C. Sat 12.16+0.6 5.7640.2 14.98+0.26 14.51+0.5

Values areexpressedasmeanzstandarderrorover themean,n=5miceper batch.*p<0.05;
**p<0.01,***p<0.001;significantdifferencesfromnormalcontrols. CN:NormalControl;O.
gratissimum 250-1000: Doses 250, 500 and 1000 mg/kg of O. gratissimum; C. Sat: Satellite

Control.
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3.2.3.3. EffectofO.gratissimumonlipid profile
Tablel0showstheeffectofO.gratissimumonTriglycerides, TotalCholesterol(TC),
HightDensityL ipoprotein(HDL)andLowDensityLipoprotein(LDL)levelsandinmiceof
bothsexesafteradministrationoftheO.gratissimumdecoctionfor28days. Itwasfoundthat
O. gratissimum induced a moderately significant increase (p<0.05) in triglyceride levels at
differentdosesofthedecoctate(250,500and1000mg/kg)inbothmalesandfemales,without
altering the CT level. In addition, the decoction significantly increased HDL levels at doses
250 (p<0.05); 500 (p<0.01) and 1000 (p<0.001), and induced a drop in LDL. A return to
normaloftheselevelswasobservedinanimalsinthesatellitecontrolgroupsacrificed14days  after

discontinuation of treatment.

Table10: Effectof O. gratissimumon lipid profile

Traitement/Dose  Parametres

(mg/kg)

CN

O. gratissimum
250

O. gratissimum
500

O.gratissimum
1000

C.Sat.

Triglycérides(g/l) Cholestérol Total(g/1) HDL(g/l) LDL (g/l)

Males Femelles Males Femelles Males Femelles Males
76.67+0.63 75214052  107.64+0.71  135.7+0.56 28.18+0.99 27344067 | 44.63+0.83

94.6+0.44**  7332+0.06 121.54+1.01 134.13+0.64 67.72+0.55**  38+0.38* 31.56+0.66
*

91.39+0.92*  75.03+0.56 = 126.04+1 133.94+0.88 42.81+0.39**  41.75+0.72 = 36.81+0.77

* *

96.03+0.70*  74.94+0.87 @ 105.33+0.47 134.19+0.64 93.18+0.56**  46.89+0.21 | 33.39+0.7

* * *

78.05+0.42 75.33+0.79  108.58+0.61  135.48+0.17 36.32+0.87 42114082 | 37.45+0.81
*

Valuesareexpressedasmeantstandarderroroverthemean.*p<0.05;**p<0.01,
***p<0.001; significant differences from normal controls. CN: Normal Control; O.
gratissimum 250-1000: Doses 250, 500 and 1000 mg/kg of O. gratissimum; C. Sat: Satellite

Control.

3.2.4. EffectsofO.gratissimumonhaematologicalparameters
Table 11 shows the effect of O. gratissimum on haematological parameters. It was

foundthattheadministrationofthedecoctiondidnotsignificantlyalterhaematological

Femelles

42.11+0.89

31.88+0.58

32.83+0.37

36.05+0.38

41.20+0.33
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parameters in animals treated with different doses of O. gratissimum during the 28 days of

treatment, and even in the satellite control sacrificed 14 days after discontinuation of

treatment, in both males and females.
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Tablel1:EffectofO.gratissimumonhaematological parameters

Parameters DosesofO. gratissimum
CN 250 500 1000 C.SAT

Male Femelle Maéle Femelle Male Femelle Male Femelle Male Femelle
WBC (10M9/L)  1.83+0.28 2.46x0.38 2.93£1.02 3.43+0.86 3.4+0.94 3.03+0.81 2.56+0.83 3.6+0.5 1.56+0.41 2.33+0.69
LYM% 35.9+0.61 44.83+0.62 36.56+0.82 47.36+0.44 37.5+£0.37 40.3+0.57 42+0.21 40.63+0.82 36.7£1.79 44.1+0.63
MID% 37.26£0.53  32.36+0.51 31.1+0.49 30.043+0.43  33.2+09 32.26£0.91  28.93+0.26 32.26x0.91 38.47+0.48 31.4+0.43
GRAN (%) 24.36x0.89 30.33x0.47 24.33+0.73 31.36+0.44 25.3+0.94 33.66+0.47  23.06+0.54 32,6+0,48 25.86+0.83 29.66+0.47
RBC(10”M12/L) | 7.08+0.66 5.77+£0.51 7.91+0.17 6.24+05 7.56+0.16 6.46+0.68 7.89+0.71 6.31+0.62 7.39+0.91 6.27+0.48
HGB(g/dL) 13.46+0.44 12.04+0.74 14.26+0.12 13.12+0.81 13.56+0.87 12.94+0.94  14.56+0.84 12.94+0.33 13.87+0.91 12,2+0,53
HCT (%) 35.2340.71  33.66+0.62 36.33+0.47 31.23+1.11 35.63+0.44 29.68+0.49  38.56+0.63 32.3+0.66 34.28+0.72 32.76x0.26
MCV(fL) 50+0.7 47.93+073 46+0.69 49.1+0,5 46.95+0.2 46.56+0.61  49.1+0.64 46.56+0.61 49.66+0.96 46.4+0.48
MCH(pg) 19.25+¢1.26  25,030,7 18+0.43 24.9+0.16 18.6+0 26.23+0.94  18.2+0.57 25.16+0.54 19.9+0.82 24.36x0.49
RDW_SD(fL) 29.35+0.24  33.2+1.12 29+0.32 32.96+0.24 27.95+0.33 33.16+0.12  26.13+0.37 30.91+0.49 28.5+0.92 33.3+£0.75
PLT(10M9/L) 599.5+0.4 610.53+0.41 | 556.66+047 @ 594+0.81 407.33x0.47  616+0.81 541.66+0.47  609.46x1.11 595.33+0.47 614.73+0.89
MPV/(FI) 5.35%0.2 6.73+0.48 5.86+0.16 7.73£0.94 6.2+0.32 6.23+0.41 5.56+0.04 6.36+0.46 5.36+0.54 6.16+0.30
PCT (%) 0.32+0.06 0.54+0.39 0.2610.1 0.56+£0.5 0.15+0.01 0.31+0.07 0.296+0.04 0.42+0.07 0.30+0.04 0.4+0.1
P _LCR (%) 3.35+£0.33 5.86+0.73 6.63+2.47 7.3+0.72 4.75+0.67 6.73+1.35 4.6+0.32 6.54+0.49 3.51+0.69 6.8+0.58
PDW(fL) 6.7+0.37 7.93+0.24 7.06x£2.24 8.2+0.86 9.13+0.98 8.03+0.2 6.9+0.14 7.46+0.38 6.23+0.59 7.23+0.32

Valuesareexpressedasmeanzstandarderroroverthemean,n=5miceperbatch.*p<0.05;**p<0.01,***p<0.001;significantdifferences
fromnormalcontrols.CN:NormalControl;O.gratissimum250-1000:Doses250,500and1000mg/kgofO.gratissimum;C.Sat:SatelliteControl. ~ WBC:
White Blood Cells; LYM: lymphocytes; MID: Monocytes; CRAN: granulocytes; RBC: Red blood cells; HGB: Hemoglobin; HCT: Hematocrit;
MCV: mean corpuscular volume; MCH: Mean haemoglobin concentration; RDW_SD: Size distribution of red blood cells; PLT: Platelets; MPV:
Mean platelet volume; PCT: Mean Platelet Count; P_LCR: Platelet cell count; PDW: Platelet size distribution.
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3.2.5EffectsofO.gratissimum DecoctiononLiver,Brain andKidneyHistology

Figurebshowsthe effectsoftheaqueousextract of O.gratissimum onthemicroarchitecture
ofthebraininmale(A)andfemale(B)mice,aswellasthekidneysandliver(C).Histological
sectionsoftheliverofanimalsinthecontrolgroupandinthegroupstreatedwiththeaqueous  extract
at different doses shownormal architecture ofthe hepaticparenchymawith a distinct centro-
lobular vein and hepatocytes. Histology of the kidney showed a normal parenchyma with a
distinct glomerulus and urinary space. Histology of the brain shows normal structure of
neurons in the dentate gyrus, hippocampal CA1 and CA3 regions, and cerebral cortex. These
neurons have a nucleus surrounded by a cytoplasmic membrane.
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"""""""""""""""" magnification of your slide

Figure 5: Microphotograph of histology of the brain, liver and kidneys (50um): A: _/_,«»»‘[Comment [H25]: Please indicate your

Microarchitecture of the male brain; B: Microarchitecture of the female brain; C:
Microarchitecture of the kidneys and liver in males and females. Nn: Normal neuron; He:
Hepatocytes; Vp: portal vein; Eu: Urinary space; Cb: Gall Canaliculus; Ah: Hepatic artery;
G: Glomerulus; Tcd: Distal convoluted tubule; Tcp: Proximal convoluted tubule; G.dentate:
Gyrus Dentate; AC1-CA3: Horn of Amun 1-3. ED: Distilled water, animals of the normal
controlgrouptreatedwithdistilledwater(10ml/kg);D250,D0500,D1000:Doses250,500and 1000
mg/kg of the decoction of O. gratissimum.

[ Comment [H26]: This table should come before

3.3. Phytochemicalscreeningof O.gratissimum the histology slide

Table 12 shows the main groups of chemical molecules contained in the aqueous
extract of O. gratissimum leaves. It appears that this extract contains alkaloids,
anthraquinones,coumarins,anthocyanins, flavonoids,tannins, triterpenes,sterols,glucosides,
saponins and polyphenols.

Table12:Phytochemicalscreeningof leafextractofOcimumgratissimum

Phytochemical Extractcontent
Alkaloids ++
Anthraquinones ++

Coumarins ++
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Anthocyanins ++
Flavonoids +
Tannins +++
Triterpenes -
Sterols -
Glucosides +++
Saponins +++
Polyphenols +++

-=Amountabsent;+=Amountpresent;++=Moderateamountpresent;+++=Appreciate amount

present

4. Discussion
Thetoxicitystudyfocusesonresearchonsubstanceswithpotentialtherapeuticeffects, in
order to assess their level of safety, and to determine the appropriate maximum doses for
treatments with No Observed Adverse Effects (NOAELS) [26,27].
The acute toxicity study of O. gratissimum did not report any deaths; No significant
changes in animal behaviour were observed following administration of the decoction. This

suggests that the leaves of O. gratissimum do not contain metabolites that can damage the

body.ThisresuItisconsistentwiththatoijoetaI.,[28],whoconfirmsthatthisherbhas]nd clinical { comment [H27]: Not clear please

safety at high doses, especially during acute administration of the extract.

Subacutetoxicitywasassessedonseveralendpoints,includingmortality,behavioural
changes,weightgrowth,foodandwaterintake,biochemistry,haematology,andhistologyof
animals. Concerning mortality, behavioural changes and weight growth, a reduction in body
mass following drug administration has been shown to be indicative of toxicity. Changes in
foodandwaterintake,andinthemassofvitalorgansreflecttheimpactthatasubstancemight have on
animals [27,30,29]. No deaths or behavioural changes were recorded in animals during the
treatment days, including in the satellite groups sacrificed 14 days after
discontinuationoftreatment.Inaddition,nolossofbodyweightandvitalorganmass,andno

significant changes in water and food intake were noted in animals treated with decoctate

compared to the normal control group. \This suggests that the decoction of O. gratissimum /,,»'[Comment [H28]: Check this statement is in not

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" agreement with your result above in figure 3 and 4

leaves would not be toxic in subacute administration and would not affect the appetite of

animalsorthefunctioningofmajorvitalorgans. Theseresultsareconsistentwiththoseof
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Ojo et al., [28], who demonstrated that the aqueous extract of O. gratissimum was not toxic
in subacute administration.

Biochemically,theliverandkidneysaretheorgansthatplayaverycriticalroleinthe
metabolism, detoxification, storage, and excretion of chemicals and their metabolites [29]. It
is necessary to check the impact that the decoction of O. gratissimum leaves could have on
theseorgans.Aminotransferasesarenon-functionalplasmaenzymesthatarenormallylocated  in
cells of the liver, heart, kidneys, and muscles. Their presence in serum can provide
information about tissue damage or organ dysfunction [31]. Blood and tissue levels of ALT
and AST can therefore be used to assess the toxic impact of a chemical compound. We
assessedtheseindicatorsofliverfunctioninadditiontoproteinlevels.Inaddition,weprofiled  the
lipid profile and assessed the condition of the kidney by measuring serum creatinine and
renal protein levels.

No significant differences were observed in serum or hepatic protein levels in either
malesorfemalesintheextract-fedgroups,aswellasinthesatellitegroupssacrificed14days after
discontinuation of treatment; compared to control groups that received only distilled
water.Similarly,therewasnosignificantdifferenceinserumorhepaticALTandAST levels
inanimalsofbothsexesat250and500mg/kg;however,averysignificantdecrease(p<0.001)
inspecificASTwasobservedat1000mg/kginmales. Thisratealsoreturnedtonormalinthe
satellitegroupswhentreatmentwasdiscontinued. Therefore,O.gratissimumwouldnotaffect liver
function. This finding is consistent with those of Ojo et al., [28], Mho state that O.

gratissimummaynotposeatoxicologicalthreattotheliverwhenusedintraditionalmedicine at

lower dOSES.‘ Comment [H29]: Please check your table 8 with

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" [this statement for clarity and correct it or remove

Impaired fatty acid metabolism is characterized by increased cholesterol and
triglyceridelevels[32].However,anabnormalincreaseincholesterollevels,especiallyLDL
cholesterol, creates a risk for the cardiovascular system; where it may contribute to the
development of high blood pressure and stroke [33,34]. Prolonged administration of the
aqueousextractofO.gratissimuminducedanincreaseintriglyceridelevelswithoutaffecting
totalcholesterollevels.Inaddition,asignificantincreaseinHDL levelswasobservedinmales at all
doses. This specific increase in HDL without any change in total cholesterol levels therefore
reflects the fact that the aqueous extract of O. gratissimum leaves would promote the
synthesis of HDL to the detriment of LDL [35]. It could thus protect against metabolic
diseases.

When it comes to kidney function, creatinine is one of the key markers of kidney

function.Thecreatinineproducedisreleasedintothebloodstreamwhereitisfilteredbythe
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kidneys and excreted in the urine [36]. Thus, an increase in serum creatinine would reflect
kidney damage, resulting from an inability of the kidneys to filter creatinine from the blood.
No differences were observed in serum creatinine levels for all groups, including satellite
groups; compared to normal groups fed with distilled water. The extract would therefore not
affect the functioning of the kidneys.

On the hematologic level, the hematopoietic system reveals the physiological and
pathological state of organisms because it is a sensitive target for toxic compounds. The
impactofadrugonthissystemisthereforeoneofthemajorindicatorsoftoxicity[26,37,38]. No
significant changes were observed in red blood cells, lymphocytes, granulocytes, mean
corpuscularvolume andbloodplatelets.Inaddition,nosignificantchangeswereobservedin white
blood cells, monocytes and lymphocytes. O. gratissimum therefore does not affect
erythropoiesis, morphology, or osmotic fragility of red blood cells [38], and does not
deterioratethenormalhaematologicalprofileasawhole. Theseobservationssupportthenon-  toxic
nature of the aqueous extract of O. gratissimum.

Withrespecttoanimalhistology,histopathologicalstudiesoftheliverandkidneysare very
useful for confirming haematological and biochemical analyses in toxicity studies
[26,27,29]. Analysis of histological sections revealed no liver and kidney alterations in
animals administered the aqueous extract from the leaves of O. gratissimum. These results
corroboratethebiochemicalfindings,andconfirmthattheaqueousextractfromtheleavesof
O. gratissimum does not present any danger to the organism in acute and subacute
administration.

Phytochemical analysis of the O. gratissimum decoction did not show a significant
difference with previous studies. A content of phenolic compounds, tannins, glucosides,
alkaloids, anthraquinones, coumarins, and anthocyanins, flavonoids, and saponins has been
revealed[14,28].Secondarymetabolites areresponsibleforthebiologicalactivitiesofplants [39].
Tannins have been reported to act on proteins to form protective layer on mucus membranes
[40]. Flavonoids have been found to have membrane stabilizing properties and
alsoaffectsomeprocessofintermediarymetabolismandinhibitlipidperoxidationindifferent
systems[41].Phenolshaveantioxidantpropertieswhichcarryouttheirprotectiveactivityon  cells
either by preventing the production of free radicals or by scavenging free radicals
producedinthebody[42,43].AlmostallthephotoconstituentsofO.gratissimumconfirmed in this

study are known to influence biological system activities.

5. Conclusion
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Ocimumgratissimumdidnotaffecttheweightoftheanimals,northeirfoodandwaterl.
intake.ltdidnotalterlipidprofile,liverandrenal functionparameters,anditsadministration
maintained good preservation of haematological parameters. Its use in traditional medicine

would therefore be safe for the body.
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