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Abstract S

Background: Trypanosomiasis is a major proble@e &)th human and animals. Nearly
30,000 individuals in various countries of S aharan Africa have African trypanosomiasis. It
has led to about 21,000 deaths yearly. &

Objectives: This experiment was e@o evaluate the anti-trypanocidal effects of
Lawsonia inermis in rats infectegt Wit . brugei.

Methods: 30 rats were aII roups (1-5) of six rats each. Group 1 (negative control), 2
(tryps control), 3 (Dmﬁe\m) 7 mg/kg), 4 (Lawsonia inermis (LI) at 200 mg/kg), and 5

(DA+LI). All rats w@o
blood.

) were infected with 3x10°® of Trypanosoma brucei per ml of

Result: Percentage elght gain of rats in diminazene extract combination showed increased
weight gain (6.3%) when compared to tryps-control. Diminazene showed significant weight gain
when co with the negative control. The survivability rate showed that DA, LI and DA+LI

combination survived for 14 days without visible relapse. The PVC, RBC, WBC, platelets and
2



MCYV increased significantly in the extract treated groups while MCH and MCHC decreased

significantly. Lymphocytes, Monocytes, Eosinophils and Basophils increas£ significantly

compared to the control. Globulin, AST, ALT, ALP and Blood urea nitrogen i ased non-

significantly. Creatinine and Total bilirubin significantly decreased compmo untreated

control. Lawsonia inermis significantly increased GSH, GST, GPx, SOD!N Maagmg MDA
c

and inflammatory cytokines (IL-1, 6, and 12) when compared to untre@ted eontrol groups.

Conclusions: Lawsonia inermis reduced the level of paras1gam a t@lent phase and drug-

extract combination cleared the parasitemia within sho}st time.

Keywords: Extract, Lawsonia inermis; T. brucei, “i ocidal drug, Wistar rats

Introduction ‘ \ &
N

Trypanosomes belongs to the Tryp g@ls, carried by different species of tsetse flies
(Glossina spp.) that are responsitle cz‘tsing the intricate illness termed trypanosomosis,
affecting both humans a als (Wamw1r and Auma, 2021). Trypanosoma b. gambiense/T. b.
rhodesiense are thefa& \of this disease, affecting more than 30,000 individuals across 36
countries in S -Sathrlca (WHO, 2022). On the other hand, it has been stated that Chagas
dis@iut&@% people in several Latin American countries each year (Abras et al.,

2022). sear‘x indicates that Trypanosoma infection is widespread and native to numerous

regions within Sub-Saharan African countries (Kennedy and Rodgers, 2019) and accounts
3



detailing diverse livestock diseases across African countries highlighted trypanosomes as the

¢
primary threat to livestock production, resulting in substantial economic lossebeo et al.,

2023). The projected losses in agricultural production caused by trypanosoﬁx eg three

billion US dollars annually (Abro et al., 2022). The sole approach to .oﬂ%sejthreats is
@
through the efficient utilization of drugs, employing both ch: the\apy angl‘c' emoprophylaxis
(Sharma et al., 2022). Chemotherapy encounters challelges ca restrked selection of drugs
Q

that are available in the market, elevated costs, toxicity, erns, and the development of drug-

resistant strains of the organisms, as documentew re?brts (Eghianruwa and Oridupa,

2018). ‘ \‘
g

In the less developed countries, 0 I @dicine leans significantly on harnessing the
B A
medicinal potential of plants ‘(Khani and Khorasgani, 2021), playing a substantial role in

Multiple medicinalma mployed in treating trypanosomiasis, with reports indicating

addressing fundamentre*-n\ece (Aremu and Oridupa, 2022; Ghotbitabar et al., 2022).
nts,are
4

over 2&3 t s&Murrently utilized for their anti-trypanosomiasis properties. Leaves
em

e as the mest favored plant part, and diverse methods are employed in formulating

treatmentsiffom these plants (Paré et al., 2020; Hiremath et al., 2024) and most of these plants



possess anti-inflammatory activities (Mojibi et al., 2022; Hakimzadeh and Kosar, 2024).

&
Lawsonia inermis Linn., commonly known as henna, is a highly valued herb utiliz&orldwide.

Its powdered leaves are frequently used for staining various body parts sucﬁ\a d% nails,

and beards, serving decorative and aesthetic purposes (Abdulfatai et a/.‘ZN\ioﬁs reports
I

indicate that L. inermis leaves are employed in managing &0 aﬂments,aiufuding diabetes,

poliomyelitis, and measles. They are known for their potxntial medicinal properties in

traditional medicine for addressing these health conditions (Aremu et al., 2023). Precisely, the

N

seeds of the plant have been traditionally uiiliied inmanaging reproductive conditions such as
menorrhagia, leucorrhoea and vagina d'gharg\due to the believed deodorant properties

usually linked to the seeds (Aremu e 0 ).)ndeniably, the powder obtained from roasting

N
@
the seeds of L. inermis, whewixed wi
|

ginger oil, is believed to possess properties effective in
treating ringworm. Ad y% decoction made from the leaves of the plant is used for

cleansing and pron&ng heali)g in infected wounds (Sahoo and Mahalik, 2020).

This ex&& w&onducted to assess the in vivo antitrypanosomal activities of L. inermis

Linn. es u‘ng haemobiochemical parameters, inflammatory cytokines, oxidant and anti-



oxidant biomarkers as an indicator to promotes its activities in T. brucei-induced parasitic rat

Materials and methods Q
Plant Collection, Identification and Preparation Q\

model.

Leaves of Lawsonia inermis were collected from a d in Kwara state, Nigeria. Plant
sample was taxonomically identified and confi e Botany Department of the University
of Ilorin. Subsequently, it was deposi %l ed the voucher number UIL-21210.
Following a four-week period of were later ground into a fine powder. The
powdery leaves of Lawsonia i Z%s used for crude extract following standard method

[
as described by Aremu et.@ %)
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Figure I: Lawsonia inermis leaves and powder \

Extraction and of the plant material
\NY4

A total of 10 kilograms of powdered L. inermis Linn. leaves wefe s‘atA in 5 liters of
<

methanol for 3 days (72 hours) through a process called maceration. AfMard, the mixture was

\

carefully poured off with filter paper. Resulting filtrate Was then digpersed at a temperature of

®

40°C with a Rotavap®. The concentrate obtained 8 is pr«%ess was dried and subsequently
stored in a refrigerator at a temperature of 4°¥ v
( N

e
Experimental animal and l’carl Con dgration
Ten-week-old Wistar rats igwg between 140-180 grams were acquired and kept at the
Experimental Anilﬁ Housefwithin the Department of Vet-Pharmacology and Toxicology,
UniversSi ldriWI clearance for the usage of experimental animals was obtained from
University ofyllorin ethical committee overseeing animal research, with the approval number

)

UERC/ 021/020 assigned



Phytochemical screening



Samples of crude extract obtained from Lawsonia inermis Linn. leaves were analyzed for their

¢
phytochemical constituents using the methods outlined Trase and Evans. \

Ethical Consideration

®
Ethical consent was gotten from the Board in charge of animal use and QreN&Jversity of

Torin Nigeria, under the code UERC/FVM/2021/020 o R, w
Experimental Animals and Study design

For the study, 30 Wistar rats weighing between 140 and 180 &ms were procured from the Lab-
animal unit of the Department of blochemlstv th iversity of Ilorin. These rats were kept in
cages at a room temperature ranging from 28 tWegrees Celsius. They were fed a standard
commercial pelletized feed (Vital fe a‘mrestricted access to water. The experimental

rats were grouped into 5 (n=6’. The a!t was given orally to these groups using an oral

i\\

T. brucei Stock an(noculat n

T. bru“b\ om the Nigeria Institute for Trypanosomosis and Onchocerciasis
ch In

ein Kaduna, Kaduna State, Nigeria. Inoculum dose was determined to be 3x107°

T. hﬁlll 1ter of blood following "Rapid Matching method" described by (Herbert and



Lumsden, 1976). The T. brucei was sustained through successive passages in experimental rat.
@
To inoculate a rat, one millimeter of blood was aspirated from an infected rat and&d with 2

milliliters of normal saline. This diluted blood was examined with a light mirﬁpe

confirm the presence of T. brucei, and the blood with the inoculu‘ \w ’noculated

&

intraperitoneally. o \ \ S

Weight measurement OQ P

The rats' weights were regularly checked Staxg Mr 1 and then weekly using a scale. To

%{40 to

weigh a rat, a circular flexible containerQ p(Med on the scale and zeroed to subtract its
weight. Rat was placed inside t?e alrir and its weight was measured as described by

(Abdulfatai et al., 2017).

Organ weight Measu|€

Organ weights wer measurﬂ following the method adopted by (Abdulfatai et al., 2017) and

relativeYl&eigNalculated
ative an\weight (%) = Weight of the organ X 100
Final Body weight

10




Parasitaemia Assessment and Prepatent period

[ ¢
Starting from second day after inoculation, the appearance of T. brucei in the bl&“ infected

rats was regularly observed. Parasitaemia estimation was carried out following ‘the bﬁethod
outlined by Herbert and Lumsden in 1976. A specific quantity (10-1 ;)/‘eld\\ur,lted using
glass slides under an inverted microscope at x 400 magni@.h aveM mean count of

\

trypanosomes per field was calculated based on these oservatloﬂ\

Determination of haematological parameters 0: }

The entire blood present in the EDTA bottles \% d for assessing various hematological
parameters. The evaluation of PCV )nd RBC was conducted using Cole's method
(Cole, 1986). Additionally, other Iﬁra ers’ncluding Total WBC, monocytes, lymphocytes and

neutrophils were also assess&:sing ully automatic blood counter (Ehmma® PCE 210).
C \J
SerumN&ichameters

N
Para rs such as Total Protein (TP) along with its congener, Albumin and Globulin,

Creatinine, Blood Urea Nitrogen, and tissues (liver) enzymes like Alanine Transferase Alanine

11



Phosphatase and Aspartate Transferase were assessed and analyzed using a commercial test kit
(Randox® Chemicals Netherlands). @
Preparation tissues homogenate (brain, heart, kidney and liver) and Nation of

CN\\

NS

The various organs such the liver, brain, heart and kidney were renpv! and ‘eut from fat and

Oxidative stress markers

connective tissue. They were all weighed individually ano@d&el@eﬁed with normal
saline. The tissues were homogenized separately with%tassium\’hc‘sphate Buffer (KPB) using
a homogenizer (Teflon, UK). The tissue hon% te (gl these various organs were
subsequently centrifuged at 10000 rpm for *ni using a cold centrifuge (Sipha USA) at 4°C.
Post Mitochondrial Fraction (PMF) was ainew decanted using a disposable pipette. The

PMF supernatant was used for the @.\ 1 g&H, SOD, GPx, GST and MDA (Izadi and
>
Q| b

Evaluation of inﬂgn@o\&okines
i

IL-1, IL-6 and{lz \Wtermined using commercial Elisa test kit following standard method
ure, as

Ramalakshmi, 2024).

and pro \ted by the manufacturer. Briefly, this assay employs the competitive

inhMenz!ne immunoassay technique. The microtiter plate provided in this kit has been
pre-coatedswith an antibody specific to IL-1, IL-6 and IL-12. Standards or samples are added to

12



the appropriate microtiter plate wells with Biotin-conjugated IL-1, IL-6 and IL-12. A competitive
inhibition reaction is launched between IL-1, IL-6 and IL-12 (Standards or sampﬁs) and Biotin-
conjugated IL-1 with the pre-coated antibody specific for IL-1. The more amou&lL 1, IL-6
and IL-12 in samples, the less antibody bound by Biotin-conjugated IL-1, ILQIL 1) After
washing, avidin conjugated Horseradish Peroxidase (HRP) is added ‘ N.’Substrate
solution is added to the wells and the color develops in op e amoun fIL-1, IL-6 and
IL-12 in the sample. The color development is stoppedéhe |~15lty of the color is

measured. Detection range is 12.5-200 pg/mL.

Data Analysis Q
All data collected during the study were showed Q SD (standard deviation). ANOVA

was conducted, followed by Dunnett’s Po

oc'multiple comparison analysis. This was ensured

with GraphPad Prism statistical pac w.GraphPad.com). Probability values equal to/less

than 0.05, (P <0.05), 0.01, (P 50.51) re!arded as significant

Q.
Results r C )\
PhytocNi?m;&Y

N\
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Phytochemical analysis of the extracts of L. inermis Linn typically reveals the existence of

[ &
various phytoconstituents. This includes alkaloids, flavonoids, tannins, saponi:&rpenoids,

e\plant's

phenols, glycosides, and other compounds. These constituents often contriw

medicinal properties and potential therapeutic effects (Table 2) \\ 5

Weight gain o \ -

The rats treated with the combination of diminazene afid the extlwt showed an increased weight
gain of 6.3% compared to the untreated control. The group treated with only diminazene
exhibited a significant weight gain of 8.7% by day omparism to other treatment and
negative untreated. All the treatment groups; in%in ose treated with the extract alone and
the combination, showed improved §

in 3er the 14-day treatment compared to untreated

control (Positive) (Table 3) Q P '

Relative organ welghtc \\

Kidney weight 1ncreased (P<0.01) significantly when compared to both controls. Liver weight
did not exhib igINant changes compared to normal control. Spleen weight showed a notable

N
incNk%Ol) in the Ll-treatment in comparism to the uninfected rats. The positive

untreated control also demonstrated a significant increase in spleen weight compared to other

14



treatments and untreated control. The weight of testes remained unaltered in all treatment groups

&
as well as in the untreated control as shown in table 4. \

Level of the parasites in the blood ‘ \\ y
@

T. brucei were detected in the blood of all inoculated rats. @NQ visiblefafter 3 days post
inoculation in all the experimental rats. Parasitaemia&creased{l all t}}rats and attained (25
X10% trypanosomes/mL). DA+LI presented a significa decrea?ed parasitaemia just like
diminazene after 72 hours treatment. 1 week pos@n s]?owed that the two combinations
(DA+LI) cleared the parasites than when %reMdlmlnazene alone. All other treatment
group showed decreased parasitaemi 1 Jthere is a considerable reduced parasitaemia in

all the treatment groups. The e)Qcht bn’tlon with diminazene also cleared the parasitaemia

while extract only significan redlw the level of parasitaemia (Table 5).

Survivability and imortalit )‘e
y and ffortality ra
The suryivability Mlity rates among rats infected with T. brucei were notably affected by

th% ts dministered. Rats treated with diminazene aceturate alone, Lawsonia inermis

alone, and,theé diminazene-LI combination showed complete survival up to 14 days without

15



evident relapse until their sacrifice. In contrast, the mortality rate among infected untreated rats

" ¢
reached 60%. This demonstrates the potential of these treatments in enhancing sur&ates and
e

{group

reducing mortality among the experimental subjects compared to the untreaw

(Table 6) ‘ \\ ’
@
Haematology Result o A \ .

PVC, RBC, WBC, platelets and MCV increased sig\ﬁcantly‘P<0.05) in Lawsonia inermis
treatment across the days. Additionally, MCH and HC%decreased significantly. Moreover,

differential WBC counts; lymphocytes, moiocgtegino ils, and basophils) were shown to

&%M as shown in table 7.

increase significantly (P<0.05) in compari(to

X ¢ H
Serum chemistry ‘ \

Total protein, globﬁncLN AST and blood urea showed a non-significant difference
- A

ic& no statistically significant variations in these parameters between the

(P>0.05) in rats,treated with DA alone or when combine with Lawsonia inermis compared to the
control. &

s,
treeNup%and the control. There exists a significant difference (P<0.05) in creatinine and

16



total bilirubin levels in the untreated infected group (group B) when compared with non-infected

h\

\Y/
GSH of the brain increased significantly (p<0.01) in LI treatment. Oﬂle‘trhnt and infected

s 4
control decreased significantly when compared to uninfect@ I}tl\heart, GSH increased

control (Table 8)

N

GSH: Glutathione

significantly in LI treatment. Infected control decrease} non-sig}ﬁc‘antly compared to negative
control. GSH of the liver significantly (p<0.01) in ?“ the,trea e&rats when compared to infected

untreated (Table 9).

X
GST: Glutathione s-transferase ( J\
GST of the brain decreased s?gr!iﬁc G)<0.01) in infected untreated when compared to
treatment groups and th e*ixﬁhtrol. GST (heart) showed the same trend like brain most
treatment and uniret c%ol. Kidneys GST also decreased significantly in the positive
untreated control LWST also decreased significantly (p<0.05) in the positive untreated

group co }reatment groups and negative control (Table 10).

N
SOD: Su ero)ide Dismutase SOD

17



In the brain of the infected control SOD decreased significantly compared to the treated rats and
uninfected control. Heart (SOD) decreased significantly in untreated infected ra' mpared to
all treated rats. In the kidney SOD decreased significantly in the positive ﬁ‘xtﬁwhen
compared to all treatment groups and negative control. Kidney (SOD) Mt’eated rats
decreased non-significantly compared to negative umnfe& aﬁ SOD_ (liver) increased

significantly in DA + LI treated rats (Table 11)

MDA Malondialdehyde Q }

MDA (brain, heart, kidney and liver) i se ignificantly in infected untreated group

compared to the treated groups and uninfected C(M(Table 12).

Expression of interleukins r Q ’

Interleukin 1 \

IL-1 showed a sigrﬁcant ineréase level (p<0.001) in untreated infected control while LI and DI

showe%%iwduction when compared to uninfected control (Figure 1).

A )

18



[ ¢

A

Interleukin 6 ‘ )

il‘ﬁfec

(! control. Other treated rats

Expression of IL-6 showed a non-significant increase (p<O0, reated control,
while LI treatment increased significantly compared_to unin

presented non-significant alterations in the expression o, (F igurbZ).

o\
A\

Interleukin 12 1 :

Interleukin-12 (IL-12) appeared as an important way for chronic inflammation associated

with trypanosomiasis. In untreat‘ d’cﬂol, IL-12 increased significantly compared to
\

LI, DI and uninfected contro{i 3

Q)
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Phytochemical analysis of Lawsonia inermis Linn leaves used in this research revealed the
2
existence of various compounds: Flavonoid Tannins, Alkaloids, Glycosides, and&iﬂns and

Glycosides. These constituents are commonly found in plants and contribute %hcmal

properties and potential therapeutic effects. This observation conforms ‘1 XMlsﬁeports of

(Aremu and Oridupa, 2022) who reported that La\/\% lgermls sesses various

phytochemical compounds as shown in this study.

It appears that the outcome of the percentage weight gain imythis experiment demonstrated that
Lawsonia inermis leaves improved weight gain bym a i14 days of treatment compared to
the negative control, which showed an im Vemm&toy%. This decrease in percentage weight
gain might be credited to the exist p@ns and tannins in the plant, that can produce

anti-nutritive activities, potentialI; re inéfeed consumption. This aligns with findings from

reduce feed consu

(Kemboi et al., 2023) ?c i\ that plants containing tannins and saponins can indeed

The re gar& eight ratio serves as a vital indicator of inflammation, atrophy, and
roph

cordlng to (Soren et al., 2019). In this study, the relative organ weights indicated

a signifi t ificrease in the spleen and kidney in the extract treatment groups. The weights of the

20



liver, heart, and testes did not show significant alterations compared to uninfected rats. These
[ &
findings suggest that the administration of the extract led to notable increased rela'&veights of

spleen and kidney, while other organs like the liver, heart, and testes did not m ggiﬁcant

changes in their relative weights compared to the normal uninfected rats. ‘ \\ |
@

AQ\™
The study revealed that Lawsonia inermis leaves exhi‘tﬁad anti-%p%nosomal activity against T.
brucei infected rats. This was evident through a s%@ecﬁ@ase in parasitemia levels in the
extract-treated rats compared to the untreaw)os"vwontrol. This finding aligns with prior
reports by (Wurochekke et al., 2004) which Nighlighted the trypanocidal properties of
Lawsonia inermis. Moreover, co difamzene with the extract enhanced efficacy,
resulting in the clearance of{r.asites in a shorter duration (by day 5) compared to when either
was used alone (takin ti dz\7). The combination of diminazene with Lawsonia inermis
exhibited improve@ynergis}ip effects, positively impacting weight, survivability rates, and
decreah& tali\“g the experimental subjects. The result also showed that the extract-

di zene c‘fnbination have a significant advantage from the therapeutic point of view with

increased efficacy during the course of the parasites clearance.

21



The findings of this study indicated that Lawsonia inermis improved the blood indices of
infected rats. Anaemia in trypanosomiasis is a complex condition caused by sevewctors like
haemolysis of the RBC, haemodilution and erythrophagocytosis by the organiw'Stijlemans et

al., 2018, Chikhaoui et al., 2023). Trypanosoma brucei induces ana X‘srﬁptlng the
dition

integrity of erythrocyte membranes as reported by (Oula et al., 2023 Ad ly, erythrocyte

peroxidation has been identified as another factor contr(butugo‘the pat&enems of anaemia in

~

mice infected with T. brucei, according to (Neves et al., 2021). &

This study demonstrated significant 1mpr0ve§nts®n g’cal parameters (PCV, RBC, Hb,
MCV, MCH, and MCHC) in Lawsoniagi ern'&Ment when compared to infected and
untreated rats, where these paramet tne’oly lower. This outcome aligns with findings
from (Aremu et al., 2018). KO\}NeQditerential WBC counts showed lymphocytopenia,

neutrophilia, and mon(e(&na p&lcularly in groups not treated with Lawsonia inermis.

Notably, there wer r\:ant changes in several biochemical values in T. brucei-infected

rats. Hypopr 1ne was observed in groups not treated with Lawsonia inermis extract,
act

su esx

202
(Slddlqu; 0 3))

prevented hypoproteinemia in infected rats, as previously reported by

22



The evaluation of hepatocellular damage induced by trypanosomes often involves assessing

¢
serum activities of enzymes like AST and ALT, which leak from hepatic tissue%kh)il et al.,
n

]‘group,

aligning with earlier reports by (Aremu et al., 2018). This elevation in z\&elg has been
an

2020) In this study, an increase in ALP and AST was observed in the infecﬁ

©
associated with inflammation and necrosis in infected hosts, cti% organs such as the liver,

-
kidneys, muscles, and even the heart (Renu et al., 2020{The 1nyasion of\t’t tissues, particularly
major organs, by T. brucei potentially leads enzymes r from the damaged tissue, as noted
by (Aremu et al., 2018). Renal damage due to trylw 1asis »as evident due to an increase in
urea and creatinine levels. Interestingly, tkresWonstrated a decrease in blood urea
nitrogen, creatinine, and total bilirubin ast Ne groups. This finding coincides with the

work of (Aremu et al., 2018), Whi}thovd decreased serum biochemical values in T. brucei
{

infected rats. * \

Trypanosomiasis preAeu\rological (Asadi-Rizi et al., 2024), cardiac, and hematological

:
risks if not Qess@mptly. Oxidative stress biomarkers serve as crucial indicators in
g

un@@
N

(Ukwuezg et avl., 2022; Satarzadeh et al., 2024). The study's findings indicated that Lawsonia

eXease's mechanisms, shedding light on potential therapeutic targets

inermis significantly increased antioxidant markers such as GSH, GST, GPx, and SOD, while
23



concurrently reducing MDA levels and inflammatory cytokines (IL-1, IL-6, and IL-12)
&

compared to untreated control groups. This aligns with findings from (Salifu et al., 2022) who

reported improved oxidative stress markers in goats infected with T. evansh%tii with

artemether-lumefantrine. These results suggest that Lawsonia ir‘r i Wh’ possess

antioxidative and anti-inflammatory properties, potentially %ut% to'mitigating the effects

\

of trypanosomiasis

Conclusion x \ @

The study's findings suggest that L Qn(-‘yﬂs exhibits appreciable trypanocidal activities
against T. brucei infected rats,Atdd all’, the extract appears to enhance weight gain and
survivability rates among th*xperwntal subjects. Furthermore, it demonstrates the ability to

enhance antioxidal?b ar s\/hile reducing oxidant levels and inflammatory cytokines.

,\cating potential cooperative effects in combating trypanosomiasis.
2,

Notably, theresseems, to be a positive synergistic interaction between diminazene aceturate and
*S i

LawsorN

Further Inyestigation
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The acute and chronic toxicity study on the Lawsonia inermis-diminazene combination could be

| ¢
explored since the result obtained from this study showed optimal efficacy in the %ent of T.

brucei infected rats. ﬁ
>
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Table 1: Experimental protoc

Group 1 (Negativéy, Uninfected and untreated.

control)

Group 2 (Positive/ont nfected and untreated.

Group 3 (D Diminazene aceturate (7 mg/kg).

Group 4: ( L. inermis (200 mg/kg).

Group LI) L. inermis (200 mg/kg) and DA at (7 mg/kg)
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Table 2: Phytochemical screening of L. inermis Linn

Test Methanolic extract

Saponins Abundantly present

Tannins Abundantly present \
Flavonoids Abundantly present Q
Cardiac glycosides Abundantly present 6
Terpenoids Present %

Steroids Present \

Anthraquinones Presen%

Alkaloids

S
Q&\
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Table 3: % Weight gain of rats infected with T

and Diminazene aceturate

\QQ

treated with Lawsonia inermis

Days/Group Day 0

ay 14

Day
Negative 178.6+18.28 5%
control %

1 701

Positive

(DA) (4.1%)
158.8+17.51

Lawsonia
ine% (1.4%)
DA+LI 175.0+6.519 179.0+8.515

170.4+£5.68
control \ .1%)
Diminazene 160.6 167.6+£22.23
) 52

191.0+21.61
(6.5%)
147.0£16.08*
(-15.9%)
175.8427.23
(8.7%)
149.2423%
(4.9)

186.8+9.365
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(2.2%) (6.3%)
* Significantly (P<0.05) ** Significantly (P<0.01)

Table 4 Relative t of T. brucei infected rats treated with methanol extract of

Lawsonia ine diminazene aceturate

y Liver Spleen Heart Testes
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Negative 0.49+0.11  3.41+0.74 0.33+0.10 0.33+0.18 1.65+0.44
control

Positive 0.67+0.03  3.60+0.70 1.28+0.06***  0.50+0.06 1 0.
control

Diminazene  0.55+0.13  3.30+0.34 0.34+0.09 0.33+0 +0.07
(DA)

Lawsonia 0.58+0.17* 3.70+0.61 0.49+0. 0.37£0.06 1.72+0.63
inermis (LI)

DA+LI 0.62+0.18  2.94+0.39 0.4 .35+0.09 1.80+0.08
All values are express in mean + standard deviatio

*#* Significantly lower (P<0.001\%
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Table 5: Parasitaemia clearance level

Days Negative  Positive DA LI D
1day(infected) 0 0 0 0
2 0 53 5.0 5.
3 0 6.3 6.6 . 5.7
4 0 6.6 6&% 6.6
5 0 6.9 3 6.6 6.9
6 0 7. %4 6.0 6.0
7 0 k\ <54 <54 <5.4
8 0 Q 0 5.3 5.3
9 OQ 8.7 0 52 52
10 Q 8.7 0 5.2 52
11 0 8.7 0 0 0
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12 0 8.7 0 0 0

13 0 9.0 0 0 0

14 0 9.0 0 0 0

Data are expressed as mean Logio value for Conc of the parasites

for reference.

44



Table 6: Survivability and mortality rate of rats infected with T. brucei an ated with

Lawsonia inermis and diminazene aceturate

GROUPDAYS I 2 3 4 5 6 7 &}5
K o

Rx

Negative 0/6 0/6 0/6 0/6 0/6 0/6 0/6 O/@Nﬁ 0/6 0/6 0/6

control ‘\

Positive control 0/6 0/6 0/6 0/6 0/6 1/5 0/5 0/4 0/4 04 1/3 173

Diminazene 0/6 0/6 0/6 0/6 0/6%% 0/6 0/6 0/6 0/6 0/6 0/6
(DA)

Lawsonia 0/6 0/6 0/6 0Q&9 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6

inermis (LI)

DA+LI 0/6 0/6{ \0/6 0/6 0/6 0/6 0/5 0/6 0/6 0/6 0/6 0/6

C \J
\§>"
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\QQ

ethanolic Lawsonia inermis and

Table 7: Haematology result of infected rats trez

Diminazene aceturate

Parameters Negative Positive D LI DA+LI
(Control) (Contro

PCV 42.2+0.86 & 40.62+1.29 42.62+1.29 42.62+1.29
RBC(x10%pl)  7.47+0 6.42+0.2 6.99+0.20 7.04£0.18 7.00+0.23

Hb (g/dl) 15 0. 9+0.34* 13.5+0.34 14.3+0.38 13.5+0.34

164+15.2 138+63 158+6.9 143+4.3
+5.6 60.9£0.59 60.4+0.47 60.2+0.89 60.2+0.98
19.8+0.25 20.1+0.24 20.1+0.25 19.7+£0.21 19.9+0.25
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MCHC (g/dl) 33.2+0.34  27.7+0.22* 33.3+0.27 32.84+0.21 27.7+2.7*

WBC (x10°) 5.66+1.03  4.82+0.62 4.95+0.39 5.14+0.44 +0.33
L(x10%) 3.38+£0.57  2.06+0.30 3.35+0.31 2.82+0.29 2 6
N(x10%) 2.19+0.48 1.59+0.35 1.37+0.07 1.16+0.14* A1

M(x10%) 0.13£0.04  0.12+0.03 0.06+0.02 & 0.09+0.01
E(x10%) 0.16+0.05 0.17+0.01 0.13%0. 0.02 0.06+0.01

* Significantly lower (P<0.05)

hemistry of infected rats treated with methanolic extract of Lawsonia

inazene aceturate

egative Positive DA LI DA+LI
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Total. P

Albumin

Globulin

AST

ALT

ALP

BUN

Creatinine

Total BL

82.4+1.6

33+1.8

49.4+0.68

45+0.63

32.8+0.37

106+7.01

16.54+0.27

0.9+0.06

0.42+0.08

84.4+1.3

34.6+1.3

49.8+£2.06

39.8+1.43

29.2+0.97

111+4.36

17.12+0.19

0.82+0.09

0.42+0.08

* Significantly lower (P<0.05)

O

QQ

84.2+1.2

33+0.71

52.6+0.68

42+1.23

31£1.27

78.2+1.5

28+1.3%*

50.2+0.92

42.8+2.39

31

0.38+0.11

82.5+£2.8

3242.7

52.5+

9+0:

102+5.56

16.28+.24

0.7+0.0*

0.35+0.05
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\

Table 9: Glutathione (GSH) (umol) of T. brucei infected rats treafed itm/sonla inermis

and diminazene aceturate on of different organs \ \
Grp/organ Brain Heart ey \Liver
Control 81.66+5.16 94.05+25.16 .9 122.98+11.18
Infected 71.23+£23.44 81.45+£11012 WHTOI 89.93+22.45
untreated \

Diminazene 118.801+£34.29 89.39+2.21 118.53+64.95
Lawsonia 122.98+2 9 .59+12.81 88.52+11.02  101.80+14.96
inermis

DI + LI C\ 96.38£13.03  95.94+19.57  100.09+36.50

* Significan Q 1gn1ficant (P<0.01)
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Table 10: Glutathione transfe %(umol) of T. brucei infected rats treated with
Lawsonia inermis and diminazene, aceturate on of different organs for 14 days

Grp/organ Br Heart Kidney Liver

Control 22410 4.62+1.35 6.89+0.59 6.44+1.98

39£2.07**  2.03+£0.51** 3.01+2.37** 3.48+2.21*

5.12+0.80 3.51£0.99** 3.93+1.59 5.5245.11**
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Lawsonia inermis 5.144+1.48 4.294+0.88%**

DI+ LI 4.54+1.13 3.68+0.84**

5.97+1.05

6.65+1.78

7.14£0.97%*

7.90+2.45%*

* Significant (P<0.05), ** Significant (P<0.01)
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Table 11: Superoxide Dismutase (SOD) (umol) of T. brucei infected rats treated with

Lawsonia inermis and diminazene aceturate on of different organs for 14 day‘

Grp/organ Brain Heart Kidney Liver

Control 8.30+1.50 4.80+1.10 6.30+0.50 2. 30 \ ,
%0

Infected untreated 6.00+2.60* 2.00+£0.80** 3.00+0.60** 1. Qi

Diminazene 10.00+£2.70 4.40+1.20 4.20+0. 60 OO&O

Lawsonia inermis  10.00+2.40 5.00+1.50 0+0.40

DI+ LI 8.40+1.90 5.00+1.30 2.40+0.60

* Significant (P<0.05), ** Significant (P<0
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Table 12: Malondialdehyde (MDA) (umol) of T. brucei infeca ats treated with Lawsonia

inermis and diminazene aceturate on of different or 14 days
Grp/organ Brain Heart hiver
Control 0.63+0.10  0.75+0. 4 0.20+0.08
Infected untreated 1.83+0.37 1. 74:I:(Q" MO 01**  0.85+0.06
Diminazene 0.81+0.27 4 37+0.10 0.39+0.28

Lawsonia inermis  0.30+1 ~t0 69 ! 0.32+0.15 0.32+0.18
DI+ LI i0.36 0.47+0.21 0.30+0.31

* Significant (P<0. ? Slg icant (P<0.01)
\{) )
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