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ABSTRACT

Bioactive compounds from plants are promising alternatives for controlling resistant nematode
populations. However, these metabolites must be obtained from plants that are widely available.
In this study, we evaluated the efficacy of Mangifera indica L. leaves for the control of
Haemonchus contortus. Larval development inhibition (LDI) in quantitative fecal culture (FC)
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as well as egg hatching inhibition (EHI) were evaluated. Two in vivo tests were performed to
reduce fecal egg counts (FEC) in infected lambs. The concentration of condensed tannin
(proanthocyanidin) was 3.79% + 0.01 for aqueous extract (AE). Further, reverse phase high-
performance liquid chromatography revealed the presence of tannins, flavonoids, and flavones
in this extract. The leaf powder at 30 mg-g* displayed 100% efficacy in the LDI test and 20.7%
FEC reduction after 14 days of oral treatment with 4.978 g (dm)/kg (bw). In addition, 30 mg-mL"
! of the AE displayed 81.65% efficacy in the EHI test and had an LC90 of 29.88 mg-g™* in the
LDI test. The FEC reduction test revealed an efficacy of 42.8% after 21 days of treatment with
AE at 0.601 g-kg*/bw. Lambs treated with AE had better ocular mucosa score and higher
erythrocyte, hemoglobin, hematocrit, and B-globulin concentrations than untreated lambs.
Overall, the AE of M. indica leaves promotes high and moderate anthelmintic efficacy in in vitro
and in vivo tests, respectively, and increased erythrocyte count. Such findings suggest that the
AE of M. indica leaves is an alternative or complementary treatment for hemonchosis.

Keywords: sheep, anthelmintic plant, mango, blood parameters, biochemical parameters.

RESUMO

Compostos bioativos de plantas séo alternativas promissoras para o controle de populacoes de
nematodeos resistentes. No entanto, esses metabolitos devem ser obtidos de plantas amplamente
disponiveis. Neste estudo, foi avaliado a eficacia das folhas de Mangifera indica L. no controle
de Haemonchus contortus. A inibicdo do desenvolvimento larval (IDL) em coprocultura, bem
como, a inibi¢do da ecloséo larval (IEL) foram avaliadas. Dois testes in vivo foram realizados
para a contagem da reducdo de ovos em cordeiros infectados. A concentracdo de tanino
condensado (proantocianidina) foi de 3,79% + 0,01 para o extrato aquoso (EA). Além disso, a
cromatografia liquida de alta performance de fase reversa revelou a presenca de taninos,
flavonoides e flavonas neste extrato. O pé da folha a 30 mg g* exibiu 100% de eficacia no teste
IDL e 20,7% de reducdo de CQF apds 14 dias de tratamento oral com 4,978 g (dm) / kg (pc).
Além disso, 30 mg mL* do EA exibiu 81,65% de eficacia no teste IEL e teve um CL90 de 29,88
mg g no teste IDL. O teste de reducdo de ovos por grama de fezes revelou uma eficacia de
42 8% apds 21 dias de tratamento com AE a 0,601 g kg™'/pc. Cordeiros tratados com EA tiveram
melhor escore de mucosa ocular e maiores concentracbes de eritrocitos, hemoglobina,
hematocrito e B-globulina do que cordeiros ndo tratados. De maneira geral, o EA das folhas de
M. indica promove alta e moderada eficacia anti-helmintica em testes in vitro e in vivo,
respectivamente, e aumento na contagem de eritrocitos. Esses achados sugerem que o EA de
folhas de M. indica é uma alternativa ou um tratamento complementar para a hemoncose.

Palavras-chave: ovinos, planta anti-helmintica, manga, parametros sanguineos, parametros
bioquimicos.

RESUMEN

Los compuestos bioactivos de las plantas son alternativas prometedoras para controlar las
poblaciones de nematodos resistentes. Sin embargo, estos metabolitos deben obtenerse de plantas
que estén ampliamente disponibles. En este estudio evaluamos la eficacia de las hojas de
Mangifera indica L. para el control de Haemonchus contortus. Se evalu6 la inhibicién del
desarrollo larval (IDL) en cultivo fecal cuantitativo (CF), asi como la inhibicion de la eclosion
de huevos (IEH). Se realizaron dos pruebas in vivo para reducir el recuento de huevos en heces
(RHE) en corderos infectados. La concentracion de tanino condensado (proantocianidina) fue de
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3,79% = 0,01 para el extracto acuoso (EA). Ademas, la cromatografia liquida de alta resolucion
de fase inversa revel6 la presencia de taninos, flavonoides y flavonas en este extracto. El polvo
de hoja a 30 mg-g-1 mostré una eficacia del 100% en la prueba IDL y una reduccion de FEC del
20,7% después de 14 dias de tratamiento oral con 4,978 g (dms)/kg (bw). Ademas, 30 mgemL-1
del AE mostraron una eficacia del 81,65% en la prueba IEH y tuvieron una CL90 de 29,88 mgeg-
1 en la prueba IDL. La prueba de reduccion de RHE revel6 una eficacia del 42,8% después de
21 dias de tratamiento con AE a 0,601 g-kg*/pc. Los corderos tratados con AE tuvieron una
mejor puntuacion de la mucosa ocular y concentraciones mas altas de eritrocitos, hemoglobina,
hematocrito y B-globulina que los corderos no tratados. En general, el EA de las hojas de M.
indica promueve una eficacia antihelmintica alta y moderada en pruebas in vitro e in vivo,
respectivamente, y un aumento del recuento de eritrocitos. Tales hallazgos sugieren que la EA
de las hojas de M. indica es un tratamiento alternativo o complementario para la hemoncosis.

Palabras clave: ovino, planta antihelmintica, mango, parametros sanguineos, parametros
bioquimicos.

1 INTRODUCTION

Ruminants produced on pastures represent an important sustainable part of the global
agricultural economy. However, gastrointestinal nematodes (GIN) are limiting for the
development of these animals (Sczesny-Moraes et al., 2010; Leathwick and Besier, 2014).
Haemonchus contortus is the most common nematode in sheep reared in tropical areas. In fact,
H. contortus promotes high mortality in young lambs and ewes during the peripartum period
(Bastos et al., 2017). Hemonchosis causes reduced weight gain and feed conversion efficiency
and decreases meat, wool, and milk production (Taylor et al., 2009).

Conventional anthelmintic treatment has served as a rapid method of control for H.
contortus; however, H. contortus has shown resistance on several continents (Bastos et al., 2017,
Lamb et al., 2017). The immune response and the associated resistance can be modified by the
type of antigen that is recognized and by factors, such as age, nutrition, and the number of
infections (Alba-Hurtado and Mufioz-Guzman, 2013).

The geographical distribution of significant H. contortus infection and the existing
resistance of Haemonchus strains to various anthelmintics of all classes are concerning, and
should be considered in the formulation of health plans for controlling this infection

(Arsenopoulos et al., 2021). The use of plant extracts to reduce populations of multiresistant
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nematodes may be a key strategy for integrated control programs against GIN (Leathwick and
Besier 2014; Morais-Costa et al., 2014; Tariq et al., 2017).

Anacardiaceae are commonly used for medicinal purposes, and contain phenols and
tannins that have antimicrobial properties (Kabongo-Kayoka et al., 2016). Mangifera indica L.
var. "Ub4” is a member of this family, is native to Asia, and is common on most continents, with
a world production of approximately 40 million tons per year (Mitra, 2016). This fructiferous
fruit is cultivated in many tropical and subtropical regions and produces one of the most popular
fruits, which contributes to its economic and social importance (Salco, 2004). This plant has
been reported to have several therapeutic properties, including antioxidant, analgesic, anti-
inflammatory, and immunomodulatory activities in the control of chronic bronchitis, dysentery,
and intestinal bleeding in humans, and diuretic activity (Gonzalez et al., 2007).

The use of plants with anthelmintic potential, regardless of the preparation process, has
revealed the action of active substances with varying levels of efficacy in small ruminants
(Mottin et al., 2019). In a previous parasitological study, the ethanolic extract from the seeds of
this plant promoted 95.6% egg hatching inhibition (EHI) for H. contortus (Costa et al., 2002).
Based on an assessment of the potential of immature mango juice as an anthelmintic, Nery et al.
(2012) reported that the oral administration of 74 g-kg™ of this fruit as a juice resulted in 53%
reduction in fecal egg counts (FEC) in lambs. Although the M. indica materials are not produced
throughout the year, its leaves are abundant during all seasons. However, little is known about
the anthelmintic effects and potential benefits or toxicity of M. indica leaves when employed as
a treatment for animals with hemonchosis.

In this study, we evaluated the anthelmintic activity of M. indica leaves against H.
contortus in vitro and in vivo. To evaluate its beneficial or toxicological effects, we analyzed the
clinical, hematological, and serum biochemical parameters of lambs treated with the aqueous
extract (AE) of these leaves.
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2 MATERIAL AND METHODS
2.1 PLANT COLLECTION AND EXTRACT PREPARATION

The leaves of M. indica were collected between May and July in Montes Claros city,
north of Minas Gerais, Brazil (43 © 51 '23.3” "S and 16 ° 44' 02.08""). According to K&ppen, the
area is part of the type, AW, with a tropical savanna climate, including dry winters and rainy
summers (Alvares, et al., 2014). Precipitation in this area is approximately 700-1,200 mm.

Healthy leaves were selected and dried to constant weight in a forced air circulating dryer
(TE 394/4, Tecnal Equipamentos CientificosTecnal, Piracicaba, SP, Brazil) at 40 °C for 72 h.
Dried leaves were ground in a Wiley mill (CE- 430/Macro, Cienlab, SP, Brazil) and the powder
was stored in paper bags in the dark.

The AE was produced by placing the ground dried leaves in a distilled water bath (100
g/L) at 40 °C for 60 min. Subsequently, the extract was filtered through a gauze funnel and
dehydrated at 40 °C for 48 h to obtain a residue with constant weight, which was stored in paper
bags in the dark (Morais-Costa et al., 2016). Dry matter (dm) was verified at 105 °C according
to the Association of Official Analytical Chemists (AOAC, 1990) on five subsamples of the AE

and dry powder to calculate the concentrations to be tested.
2.2 EXTRACT CHARACTERIZATION AND TOTAL PROANTHOCYANIDINS

A Waters Alliance 2695HPLC system composed of a quaternary pump, auto-sampler,
photodiode array detector (DAD) 2996, and Waters Empower Pro data handling system (Waters
Corporation, Milford, Connecticut, USA) was used to characterize the extract. A LiChrospher
100 RP-18 column (5 pum particle size, L x internal diameter (ID) 250 x 4 mm) was used in
combination with a LiChrospher 100 RP-18 guard column (5 pum particle size, L x ID x 40 x 4
mm) (Merck, Darmstadt, Germany) at 40 °C.

Water (A) and acetonitrile (B), both containing 0.1% (v/v) H3PO4, were used as eluents
at a flow rate of 1.0 mL-min—1 as follows: 0 min, 95% A and 5% B; 60 min, 5% A, 95% B,

followed by 10 min of isocratic elution. The solvents used were of HPLC grade (Merck,
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Germany) and were degassed by sonication before use. The chromatograms were obtained at 210
nm, and the UV spectra were recorded online from 190 to 400 nm.

The dried extracts were dissolved in methanol (HPLC-grade), ultrapure water, or
hydroethanolic solutions at a concentration of 10 mg/mL according to their solubility. After
centrifugation at 8400 g for 10 min, 10 pL of the sample solution was automatically injected into
the apparatus.

The total condensed tannin (proanthocyanidin) content of AE was determined according
to the method described by Hiermann et al. (1986) by measuring the absorbance of cyanidin
chloride resulting from acid-catalyzed solvolysis with n-BuOH/HCI 12 M|(95:5) at 540 nm. The
AE was analyzed in triplicate, and the results are expressed as the meanhi- standard deviation.
The total condensed tannin content, expressed as cyanidin chloride, was calculated using the

following formula:

Condensed tannins% = absorbance sample — absorbance blank % 4.155/weight sample (g)
2.3 EGG HATCHING INHIBITION (EHI)

All procedures were performed in accordance with the principles of animal
experimentation approved in the 42/2008 protocol of the Ethics Committee on Animal
Experimentation (CETEA) of the Federal University of Minas Gerais, Brazil.

Two Santa Inés X Doper lambs were infected with 2.000 L3 of H. contortus resistant to
albendazole. This strain was obtained from H. contortus females collected from the abomasum
of a lamb in North Minas Gerais, Brazil (Duarte et al., 2012). After 22 days, lambs had a mean
fecal egg count (FEC) >1000/g based on the modified McMaster technique, which has a
minimum sensitivity of 25 eggs/g of feces (Gordon and Whitlock, 1939). Sedimentation in water,
filtration, and flotation in saturated saline was conducted to obtain nematode eggs from lamb
feces (Coles et al., 1992).

The AE was standardized to 30 mg-mL-1. Immediately after dilution in sterile purified
water, this extract was subjected to the EHI test (Coles et al., 1992). Seven experimental groups

were evaluated, each with five replicates. Positive controls were exposed to levamisole phosphate
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(0.3 mg/mL) and the negative control consisted of sterile distilled water. Experimental treatments
using AE were performed at concentrations of 30.0, 15.0, 7.5, and 3.75 mg-mL-1.

The mixtures comprised 100 pL of egg suspension containing an average of 150 fresh
eggs and 100 pL of the extracts in 96-well microplates. Samples were homogenized and
incubated at 28 °C for 48 h in a refrigerated incubator (TE 371, Tecnial Equipamentos
Cientificos, SP, Brazil). Subsequently, 15 pL of Lugol’s solution was added to each tube, which
was then stored at 4 °C, to count the unembryonated eggs, embryonated eggs, and L1 larvae.

The number of L1 eggs relative to the initial number of eggs (remaining eggs plus L1)
was determined for each repetition and subjected to variance analysis. Means were compared
using Duncan’s test (P < 0.05). Probit regression was used in the estimation of concentrations
sufficient to inhibit 90% (LC90) of egg hatching with SAEG 9.1 software. The formula of Coles
et al. (1992) was used to determine the % EHI:

%EHI = 100 x (1-L1/initial number of eggs).
2.4 LARVAL DEVELOPMENT INHIBITION (LDI)

Pools of feces were collected from the two lambs described above and homogenized for
five min. The LDI test was performed using the quantitative coproculture method (Borges, 2003;
Nery et al., 2010; Morais-Costa et al., 2015). This LDI test may be considered more rigorous
than the EHI test as the extract must exert anthelmintic effects on feces, which represent the
natural development of nematode larvae (Borges 2003, Morais-Costa et al. 2016).

In two experiments, the powder and AE of M. indica leaves were evaluated at final
concentrations of 166.7, 133.3, 100.0, 66.7, and 33.3 mg/g and 29.1, 15.55; 7.27; 1.81 mg g*
fecal culture, respectively. The final concentration of the leaf powder was achieved by replacing
vermiculite (substrate). Two mL of ivermectin solution (containing 40% glycerol formal, and
propylene glycol, g.s.) at 3.3 mg/g fecal culture and 2 mL of 0.1 mg/mL levamisole phosphate
were used as positive controls and 2 mL of sterile distilled water was employed as the negative
control. Each tested solution was added to 2 g of feces with five replicates. The flasks with the
fecal cultures were covered with a plastic film containing small holes for aeration and stored in

plastic trays lined with a paper towel, which was moistened daily. The materials were incubated
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at 28 °C for seven days. Water was added when necessary to maintain moisture (Nogueira et al.,
2012). L3 was recovered as described by Morais-Costa et al. (2016), and larval suspensions were
pipetted and stored at 4 °C for subsequent counting (Nogueira et al. 2012). One ml of 10%
formaldehyde was also added for better preservation.

The number of L3 was divided by two to obtain the number of L3 g/feces (LPGF). For
nematode identification, the slides were prepared with Lugol’s iodine (Keith, 1953). The number
of LPGFs was counted in a Sedgewick chamber with an optical microscope at 100x. The percent
LDI was calculated according to the formula adapted from Borges (2003):

% LDI =100 x (1 — LPGF of the treated group/LPGF of the untreated group).

The values of LDPG were transformed into log10 (x + 10) and subjected to ANOVA.
Means were compared using Duncan's test, and the LC90 values were determined by probit
analysis. The analyses were conducted using the Saeg 9.1 package with a significance of
5%.

2.5 IN VIVO ANTHELMINTIC ACTIVITIES

Two fecal egg reduction tests were performed to evaluate the powder and AE of the
leaves. In the first trial, 24 Santa Inés male lambs (age, 6-8 months old; mean BW, 35.0 + 1.1
kg) were used to evaluate the in vivo efficacy of leaf powder. Fourteen days prior to the beginning
of the trial, all lambs were administered albendazole (LA Ranger, Vallée S.a, MG, Brazil) (10
mg-kg™* bw) and levamisole phosphate (Protall, Vallée S.a, MG, Brazil) (0.6 mg-kg™* bw) to
ensure zero FEC. During the 14-day adaptation period, the animals were individually confined
and fed a balanced diet containing sorghum silage, concentrate, mineral premix, and water ad
libitum.

The lambs showing zero FEC on two counts were infected with 800 H. contortus L3
(strain previously described) per 10 kg BW. Twenty-eight days post-infection, lambs were
assigned to one of three homogeneous groups based on FEC and weight.

A group of untreated sheep served as the negative control; the second group, which served
as the positive control, received a single dose of albendazole at 10 mg-kg—1 (bw); and the third
group was administered a single dose of 4.978 g (dm)/kg (bw) in the same volume of concentrate.

The dose was based on the LC90 estimated by the LDI test considering the volumes of pre-
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stomachs and abomasums of lambs (Nogueira et al., 2012). The treatment was conducted in the
morning after 12 h of fasting. The animals were monitored for clinical signs and weighed in the
morning before feeding on the day of treatment and on days 7 and 14 after treatment. The mean
weight gain of the groups was compared by Duncan’s test at a significance level of 5%.

The FEC was evaluated over two time periods at weekly intervals. Each period covered
an average of three days, with two counts obtained each day (Nogueira et al., 2012). Fecal egg
counts were recorded two days prior to treatment and on the day of treatment (initial period,
before treatment), with the mean used to standardize the levels for each lamb group.
Subsequently, the mean FEC was calculated on days 7, 8, and 9 (second period) and days 14, 15,
and 16 (third period).

In the second trial, 20 Santa Inés lambs (age, 5-6 months old; gender, 10 males and 10
females; mean bw, 30.0 + 2.1 kg) were evaluated in the anthelmintic analysis of AE. A group of
untreated sheep served as the negative control and the second group was administered 0.601 mg
(dm)/kg bw of AE via esophageal gavage. The procedures were similar to those described above,
with analysis performed on days 21, 22, and 23 (fourth period) and days 26, 27, and 28 (fifth
period). The lambs were weighed weekly, and the mucosae were examined using the Famacha
method (Molento, 2004). All sheep were clinically inspected according to possible behavioral
changes.

The modified McMaster technique was performed with saturated NaCl with a minimum
sensitivity of 25 eggs/g of feces (Gordon and Whitlock, 1939). Morphological identification,
according to Keith (1953), for L3 from fecal cultures showed 100% larvae of the genus,
Haemonchus. The efficacies of treatments were calculated using a formula adapted from Coles
etal. (1992):

%FEC reduction = 100 x [1-(FEC mean of treated group/ FEC mean of untreated group)]

The FEC data were transformed to 1og10 (x + 10) and subjected to analysis of variance
in a split plot design with respect to the four evaluated periods. Means were compared using the
Scott—Knott and Mann-Whitney tests (P < 0.05).
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2.6 BLOOD AND BIOCHEMICAL PARAMETERS OF LAMBS

Blood samples were collected from the jugular vein of the males in the second in vivo
trial on days 0, 7, 14, 21, and 28 into tubes containing ethylenediaminetetraacetic acid (EDTA)
and stored at 4 °C. Blood cell numbers and hematocrit were evaluated using an electronic
automatic analyzer (2.800 BCE Vet®, Mindray Medical International Ltd., Shenzhen, China).
Creatinine and urea were determined using commercial Kits (Bioclin, Quibasa Basic Chemistry
Ltd., Belo Horizonte, MG, Brazil).

Total protein concentrations were determined by the biuret method using a UV
spectrophotometer (NOVA® 1600/1800UV). Albumin (ALB) concentrations were measured
using commercial kits (Bioclin®, Quibasa Quimica Basica Ltda., Belo Horizonte, MG, Brazil),
and the concentration of globulin (GLO) was calculated as the difference between total protein
and ALB.

The serum proteinograms were obtained by horizontal electrophoresis on a 12% agarose
gel (CELMGEL ®) with TRIS buffer for 30 min. The gels were stained for 5 min in 200 mL of
0.1% starch black and were cleared after staining with acetic acid (7%) and ethanol until the
bottom of the gel until the bottom of the gel is clear. The reading was performed using CELM
SE-250® software. Relative protein concentrations within each fraction were determined as the
optical absorbance percentage, and the absolute concentrations (g/dL) were calculated using the
total protein concentration. The major protein fractions were divided according to the
manufacturer’s recommendations from cathode to anode as albumin, alpha 1, alpha 2, beta, and
gamma globulins, respectively. Data were subjected to analysis of variance with split plots, and

means were compared using the Scott—Knott test (P < 0.05) according to SAEG (2007).
3 RESULTS
3.1 EXTRACT CHARACTERIZATION
The chemical composition of the AE based on its chromatographic profile recorded using

HPLC-DAD revealed a predominance of peaks corresponding to polar compounds, with UV

spectra compatible with polyphenols. The major peaks showed retention times of 1.02, 5.59,
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7.22, and 10.75 min, which are compatible with tannins (Figure 1). However, flavones and
flavonoids were also detected, with peaks at retention times of 11.23 and 11.48 min, respectively

(Figure 2). The condensed tannin level of AE was 3.79 + 0.01%.

Figure 1. Chromatographic profile, obtained by HPLC-RF, for the aqueous extract of the plant species Mangifera
indica. The UV letters are related to peaks 1, 2, 3 and 4, indicating tannins.
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Figure 2. UV spectra: 347.2 and 354.3 indicating flavone and UV: 255.6 indicating a flavonoid.
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3.2 EHI AND LDI

EHI increased with AE concentration, and at 30 mg/mL, EHI was 81.6% (Table 1). All
tested concentrations of AE and treatment with levamisole phosphate promoted a higher number
of unembryonated eggs than embryonated eggs and L1 (P<0.05).

Table 1. Efficacies of the agueous extract of the leaves of Mangifera indica and levamisole phosphate (15mg ml?)
on Haemonchus contortus hatchability inhibition.

Treatments Unembryonated Embryonated L1 Efficacy™ (%)
£ggs mean €ggs mean mean
Agqueous extract (mg/mL)
30.00 87.00 31.75 26.75b 81.65
15.00 86.00 15.00 97.75¢cd 51.25
7.5 73.75 27.25 101.75d 49.87
3.75 71.00 37.75 79.5¢c 58.08
Levamisole phosphate (0.3 mg mL™) 214.75 0.00 0.0a 100.00
Sterile distilled water 4.75 0.00 131.25¢
Variation coefficient (%) 8.60 33.08 12.60

Different letters in columns indicates significant differences by Duncan’s test (P< 0.05).
*0 efficacy = 100 x (1 - L1/initial number of eggs).
Source: From the authors

In the LDI test, 7.8 mg-g™ AE resulted in a significantly lower mean number of infective
larvae than that found for the water control (P<0.05). Further, the anthelmintic efficacy increased
with increasing concentration of this extract to an LC90 of 29.88 mg-g™* (Table 2). The powder
of leaves at 33.37 mg-g* promoted a lower mean number of infective larvae than the control with
water (P<0.01). All concentration resulted in anthelmintic efficacies > 90% (Table 2).
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Table 2. Efficacy of aqueous extract and powder of Mangifera indica leaves at different concentrations to inhibit
larval development of Haemonchus contortus.

Leaf powder Agueous extract
mg/ g of fecal LDGP mean Efficacy mg/ g of fecal LDGP Efficacy (%)*
culture (%)* culture mean
166.67 0.0a 100.0 29.10 50.8a 88.7
133.37 98.0a 89.0 14.55 210.0b 70.5
100.00 13.0a 99.0 7.28 290.0b 59.3
66.67 10a 100.0 1.82 410.0c 425
33.37 10a 100.0
Water 8745b - Water 450.0c --
Ivermectin 00a 100.0 Ivermetin 00a 100.0
Levamisole 00a 100.00 levamisole 00a 100.0
Cv 26.4% - 3.3%
Note: Means followed by the same are not statistically different by Skott-Knott test (5%). CV = Coefficient of
variation

* Efficacy (%) = 100 - [(LDPG the treated group / LDPG negative control group) x 100].
Source: From the authors

3.3 INVIVO ANTHELMINTIC ACTIVITY

In the first trial, the lambs did not reject the dried leaves supplied, and this treatment did
not promote clinically visible changes during the 14 days. The natural ingestion of M. indica leaf
powder had an efficacy of 22.7% in a single dose (Table 3).

Table 3. Average of eggs per gram of feces of sheep inoculated with Haemonchus contortus and treated with
leaves of Mangifera indica, albendazole and untreated animals.

Treatment Before treatment First week Second week CV%
FEC FEC Eff* FEC Eff*

M. indica 837.5Aa 685.4 Aa 9.61% 843.5 Aa 22.7% 16.2

Untreated 845.8Ab 758.3 Ab - 1091.7 Aa - 11.3

Note: Means followed by the same letters, uppercase in columns, and lowercase in lines, do not indicate
statistically different by Ducan test (5%). CV=Coefficient of variation; Efficacy (Eff)* (%) = 100 x (1 — FEC
mean of treated group / FEC mean of control group).

Source: From the authors

However, the mean FEC of these lambs did not differ from that of the untreated sheep.
The treated animals did not exhibit any behavioral changes. In the second in vivo experiment, all
lambs initially showed a high FEC. However, after the third and fourth weeks of treatment, the
AE led to a significant reduction in the FEC means compared to the control (Table 4).

For both lamb groups, the FEC was reduced in the second week after treatment (P<0.05).
After 28 days of treatment, lambs treated with AE gained a daily average of 90.0 + 0.07 g, which
did not differ (P>0.05) from that of untreated lambs (107.0 = 0.03 g). The animals treated with
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AE did not exhibit behavioral changes, submandibular edema, weakness, or lack of appetite
during the experiment.

In the clinical evaluation of the ocular mucosa of the animals using the Famacha method,
no significant difference was observed between the evaluated periods. However, animals treated
with the extract had a better score (1.93£0.70) than untreated animals (2.36+0.86) based on
Mann-Whitney’s test (P<0.05).

Table 4. Mean values of eggs per gram of feces for sheep treated with aqueous extract of Mangifera indica leaves
(0.601 g/kg/PC) or untreated.

Treatments Before First week Second week Third week Forth

treatment week

FEC/g FEC/g Ef(%) FEC/g Ef (%) FEC/g Ef(%) FEC/g Ef (%)
Control 2888.4Aa 2268.7Aa - 1924.6Ba - 2008.3Ba - 2033.3Ba -
Agueous extract  2128.7Aa 2530.6Aa 0.0 17415Ba 9.5 11475Bb 42.8* 1182.0Bb 41.8*

Different means followed by the same letters, uppercase in lines, and lowercase in columns lines, indicate
significant differences by Scott—Knott’s test (P< 0.05). (*P<0.01 by Mann-Whitney’s test)
Efficacy (Ef) = 100 x (1 — mean FEC of treated group/mean FEC of control group).
Coefficient of variation= 9.52%.

Source: From the authors

3.4 BLOOD PARAMETERS

The values of mean corpuscular hemoglobin, mean corpuscular volume, lymphocytes,
eosinophils, rod neutrophils, segmented neutrophils, albumin, globulin, urea, aloumin/globulin
ratio, and B-globulins varied between the evaluated periods (Tables 5, 6, 7, 8). Lambs treated
with AE showed significantly higher concentrations of erythrocytes, hemoglobin, hematocrit
(Table 5), and B-globulin (Table 8) than untreated lambs. The concentrations of corpuscular
hemoglobin, erythrocyte distribution range, platelets (Table 5), leukocytes, monocytes (Table 6),
al-globulin, a2-globulin, and y-globulin (Table 8) levels were not influenced by the treatments
and evaluated periods.

Table 5. Mean values for erythrocytes, hemoglobin, hematocrit, mean corpuscular hemoglobin, corpuscular
hemoglobin concentration, mean corpuscular volume, range of distribution of erythrocytes and platelets of sheep
with hemoncosis treated or not with the aqueous extract of Mangifera indica leaves.

Lamb groups 0 day 7day l1l4day 21day 28day Average Ref. ? CV (%)
Erythrocytes (x108/uL)
Untreated 1133 11.28 10.78 1156  11.11 11.21B 9-15 112
M. indica 1271 1275 1220 1234  12.96 12.59A '
Hemoglobin (g/dL)
Untreated 1058 11.03 1035 1155  11.18 10.93B 9-15 1756
M. indica 12.36 12.9 1196 12,68  13.23 12.62A '
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Untreated

Hematocrit (%)
3201 3353 3218 3591 3335 33.39B

M. indica 3696 3050 37.71 3955 4103  3895A 24 1736
Corpuscular hemoglobin concentration (pg)

Untreated 9.36 9.74 9.63 9.99 10.08
M. indica 9.74 9.82 9.74 1035 1031 8-12 5.84
Average 9.55b 9.78b 9.68b 10.17a 10.19a

Mean corpuscular volume(fl)
Untreated 28.39 29.74 3008 3099  30.02
M. indica 29.08 29.84 30.93 32.39 32.12 28-40 7.33
Average 28.73b 29.79b 30.50a 31.69a 31.07a

Platelet (103 )/uL

Untreated 452,16 622.83 438.33 650.33 488.33
M.indica  517.50 609.33 473.00 747.83 635.33 250-750  6.54

Lowercase letters in rows and capital letters columns in indicate significant differences (P <0,05 in Scott-Knott

test). 2Reference range for healthy sheep (PUGH, 2004).

Source: From the authors

Table 6. Mean values for leukocytes, lymphocytes, monocytes, eosinophils, rods and segments of sheep with

hemoncosis treated or not with the aqueous extract of Mangifera indica leaves.

Lamb groups 0 day 7 day 14 day 21 day 28 day Ref.? CV (%)

Leukocytes / (mm3)
Untreated 8150 8000 7283 7766 8800 4000- 3.09
M. indica 8000 8350 9333 8583 9033 12000 '

Lymphocytes / (mm3)

Untreated 3968 2848 3513 4266 4975 2000 —
M. indica 3639 2927 4579 4618 5095 9 000 3.42
Average 3803a 2887h 4046a 4442a 5035a '

Monocytes / (mm3)
Untreated 362 355 290 277 325 0- 7.02
M. indica 367 394 312 213 356 750

Eosinophils / (mm3)
Untreated 182 141 74 14 203 0
M. indica 150 71 112 49 109 1000 31.94
Average 166a 106ab 93ab 31b 156a

Rods neutrophils / (mm3)
Untreated 0 96 48 141 238
M. indica 0 79 228 231 211 * 24.53
Average Oc 87b 138ab 186a 224a
Segmented neutrophils / (mm3)

Untreated 3636 4559 3357 3067 3057 400 -
M. indica 3843 4876 4100 3472 3260 6.000 3.60
Average 3739b 4717a 3729b 3269b 3158b '

Different letters indicate significant differences (P, 0,05) in Scott-Knott test. ?Reference range for healthy sheep

Source: From the authors

(FELDMAN et al.. 2000). *Reference value did not reported in the literature

Table 7. Mean serum concentrations of total protein, albumin, globulin, albumin/globulin ratio, urea and creatinine
in sheep with hemoncosis treated or not with the agueous extract of Mangifera indica leaves.

Lamb groups 0 day 7 day 14 day 21 day 28 day Ref? CV (%)
Total protein (g/dL)
Untreated 6.00Aa 5.90Aa 6.06Ba 6.10Ba 6.02Aa 6-79 587
M. indica 6.08Ab 6.03Ac 6.33Ab 6.76Aa 6.06Ab ‘ '

Albumin (g/dL)
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Untreated 3.45 3.21 3.34 3.59 4.08
M. indica 3.93 3.39 3.37 3.93 3.63 2.4-35 12.15
Average 3.69a 3.3b 3.35b 3.76a 3.85a

Globulin (g/dL)
Untreated 2.54 2.72 2.72 25 2.15
M. indica 2.86 2.90 2.96 2.83 2.43 3.50-5.70 13.71
Average 270 a 2.81a 2.84a 2.66a 2.29b

Ureia (g/dL)

Untreated 29.29 29.10 33.00 48.63 48.25
M. indica 31.16 39.20 43.47 46.63 37.83 17.0-42.8 29.49
Average 30.22b 34.15b 38.23b 47.63a 43.04a

Creatinine (g/dL)
Untreated 1.46Aa 1.25Ab 1.09Ac 0.91Bc 1.04Ac 12-19 12,66
M. indica 1.02Ba 0.99Ba 0.95Ba 0.93Ab 1.01Bb ' ' )

Lowercase letters in rows and capital letters columns in indicate significant differences (P <0.05 in Student Scott-
Knott. test). ®Reference range for healthy sheep (PUGH, 2004).

Source: From the authors

Table 8. Mean concentrations of al-globulins, a2-globulins, B-globulins and y-globulins in sheep with hemoncosis
treated or not with the aqueous extract of Mangifera indica leaves.

Lamb groups 0 day 7 day 14 day 21 day 28 day Averages CV (%)
az-globulin (g/dL)

Untreated 0.46 0.52 0.47 0.48 0.44 21.92

M. indica 0.44 0.57 0.49 0.52 0.39 '
az-globulin (g/dL)

Untreated 0.77 0.87 0.77 0.89 0.70 16.98

M. indica 0.73 0.79 0.71 0.70 0.78 '
B-globulin (g/dL)

Untreated 0.28 0.27 0.40 0.22 0.32 0.29B

M. indica 0.88 0.63 0.78 0.44 0.44 0.63A 50.41

Average 0.58a 0.45b 0.59a 0.33b 0.58b
y-globulin (g/dL)

Untreated 1.03 1.09 1.08 1.06 0.68 96.29

M. indica 0.79 0.90 0.87 1.15 0.97 '

Lowercase letters in rows and capital letters columns in indicate significant differences (P <0,05 in Scott-Knott

test)

Source: From the authors

We observed a significant interaction between the groups of lambs and the periods

evaluated for total protein and creatinine concentrations. The total protein content in the extract-

treated group was higher on days 14 and 21 post-treatment than in the untreated group. The

creatinine levels of untreated lambs were higher than those observed for treated lambs, with the

exception of day 21 after treatment (P <0.01) (Table 7).
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4 DISCUSSION

The productivity of sheep infected with H. contortus is significantly compromised, and
the concomitant presence of resistant nematode populations impede its control, thereby
increasing production costs (Miller et al., 2012). In this study, the leaves of M. indica, which are
widely available in tropical farms throughout the year, were found to promote high EHI and LD,
and moderate and significant FEC reduction in lambs infected with this nematode.

The efficacy of EHI was concentration-dependent for the AE, which promoted the
inhibition of embryo development as depicted by the higher number of unembryonated cells than
embryonated embryos. The metabolites of this extract could pass through the egg wrapper and
possibly reduce the initial mitoses of nematode blastomeres.

The AE and powder of leaves induced an efficient reduction (=90%) of L3 production in
fecal cultures, exhibiting an anthelmintic effect under natural and biologic conditions, which are
more similar to the biological cycle of GIN (Nery et al., 2010; Morais-Costa et al., 2014). We
suggest that these mango materials could be used in mixtures with sheep feces in the composting
process, contributing to the reduction of the environmental phase of the nematode cycle.

The anthelminthic potential of M. indica was analyzed by Costa et al. (2002), who
reported an efficacy of 95.7% in EHI for the ethanolic fraction of the hexane extract of mango
seeds at 50 mg-ml™t. The metabolites detected in this extract were proanthocyanidins,
hydrolyzable tannins, triterpenes, and saponins. However, in this study, the AE of leaves showed
lower LC90 (30 mg-mL™), indicating a higher anthelminthic efficacy.

In another study, the juice of immature fruits of M. indica was found to contain tannins
and flavonoids. The 100 mg-ml~* AE induced 100% LDI in quantitative fecal cultures and the
estimated LC90 was 35.9 mg-ml™2. In this study, a lower LC90 was observed for leaf AE (29.88
mg-mlI~1); however, similar metabolites were detected. “Mango” fruit is an important source of
polyphenols (catechins, quercetin, kaempferol, rhamnetin, anthocyanins, tannic acid, and
mangiferin; carotenoids, organic acids, and volatile compounds), which are useful for medicinal
applications and as indicators of fruit quality (Maldonado-Celis et al., 2019).

Other fructiferous trees have also demonstrated EHI properties for H. contortus. The AE
of Cariocar brasiliense (epicarp and mesocarp) at 15 mg-mL™* induced an EHI of 91.8%.

Phytochemical tests indicated the presence of catechins, steroids, flavonoids, saponins,
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xanthones, and tannins (Nogueira et al., 2012). The AE of Anacardium humile leaves at 150
mg-mL ! resulted in an efficacy of 97.3% in LDI (Nery et al., 2010) using a similar methodology
to that of this present study.

The oral administration of the AE of M. indica leaves to infected lambs promoted
significant and moderate anthelminthic efficacy (>40%) at the third and fourth weeks post-
treatment. This FEC reduction was concomitant with the concentration of erythrocytes and
hematocrit for treated lambs after 21 and 28 days of treatment. These results suggest an indirect
effect via the sheep immune system, increasing resistance to H. contortus infection.
Corroborating these results, we detected a better color of the ocular mucosa using the Famacha
method for treated lambs. Future studies should evaluate these effects to develop a better
formulation and administration protocol for this extract or its metabolites to produce more
effective in vivo control of H. contortus.

The animals did not reject the dried leaves supplied with the concentrate and did not show
clinically visible changes during the trial period. The natural ingestion of leaf dry powder of M.
indica leaves induced an efficacy of 22.7% to a single dose of 4.978 g/kg (bw) (Table 3), but did
not differ from the negative control in any of the evaluated periods, indicating low efficacy in
FEC. Additionally, during the 14 days after treatment, the FEC was constant for treated lambs,
while lower FEC elevation was observed in the untreated group during this period. These results
are promising because low doses and a single dose were employed. Future studies with a larger
volume of ingested M. indica leaves at greater frequency may indicate better anthelminthic
efficacy in vivo, and nutritional analysis could initiate their use with feed for sheep.

Another in vivo research reported a similar result regarding the efficacy of M. indica for
FEC reduction in sheep. The juice of the immature fruit of M. indica was administered at 0.740
g (dm) kg (bw), and was found to reduce 53% of the FEC of GINs for 14 days after treatment.
The authors attributed this reduction to the tannins in the juice (Nery et al., 2012).

Compared with other FEC analysis using leaves of fructiferous, in the first and second
week after treatment, 33.0 and 32.5% anthelminthic efficacy was observed for the AE of leaf of
Musa sp. Cv. “Prata And” at 0.303 gkg'-bw. This extract contained flavonoids,
saponins, catechins, and condensed and gallic tannins (Nogueira et al., 2012). According to
Olivo et al. (2007), the anthelminthic activity of banana leaves could be due to the tannins found

in its many cultivars.
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In this study, tannins, flavonoids, and flavones were detected in the AE of M. indica
leaves, which showed high condensed tannin (CT) levels. In another study, the leaves were
extracted with 70% ethanol-water and a total of 22 phenolics were isolated, including four new
benzophenone glycosides. The major constituents in HPLC analysis were iriflophene, quercetin-
3-O-B-d-glucoside, quercetin-3-O-p-d-galactoside, isoswertisin, and mangiferin. However,
mangiferin was the main constituent, accounting for 7.43% of the extract. The three compounds
exhibited pronounced anti-inflammatory activity on LPS-induced NO production, with the
flavonoids identified as the most active components (Pan et al. 2018).

The fruits of M. indica have different classes of phenolic compounds, such as acids,
esters, and flavonoids (Abdallaa et al., 2007). In other studies with AE and the ethanolic fraction
of the hexane extract of the seed, proanthocyanidins, hydrolyzable tannins, and saponins were
detected (Costa et al., 2002; EI-Sherbin and Osman, 2013).

Secondary plant compounds, whose main function is to protect against herbivory, may be
considered responsible for the anthelmintic activity (Chagas et al., 2004). This anthelminthic
action has been primarily attributed to CTs (Githiori et al., 2006; Minho et al., 2008), which may
interact with the proteins in the nematode cuticle (Hoste et al. 2006). Alteration of the
hypodermis, the presence of numerous vesicles in the cytoplasm, and degeneration and/or death
of muscle and intestinal cells of L3 of GINs were observed by transmission electron microscopy
after direct contact with the CT-rich extract (Brunet et al. 2011).

In this study, the activity of EHI, LDI, and FEC reduction may be related to the phenolic
compounds present in the AE, specifically CTs. However, the complex composition of these
leaves suggests an association between different compounds and H. contortus. Flavonoids with
anthelminthic efficacy should not be ignored, and the synergistic action of these components
must be considered (Klongsiriwet et al. 2015; Morais-Costa et al. 2016). Thus, the anthelminthic
activity of M. indica leaves could be related to the action of tannins or their interaction with other
compounds, such as flavonoids and flavones. These possible integrations should be evaluated in
future studies.

Based on the analysis of blood and serum biochemical parameters of lambs, the values
obtained in the present study were within the normal range for sheep. However, when the two
lamb groups were compared, the AE was found to increase the concentrations of erythrocytes,

hemoglobin, hematocrit, and B-globulin, suggesting the recovery of lambs with hemonchosis,
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which could be attributed to the anti-inflammatory action of flavonoids, which should be
explained via future analysis.

For the assessment of infection by hematophagous nematodes, erythrocyte count and
hematocrit are good indicators of anemia and represent important parameters (Sotomaior et al.,
2007). Anemia is characterized by a progressive decrease in hematocrit and erythrocyte count in
ruminants with hemonchosis (Taylor et al., 2009). Hematocrit values below 15% are concomitant
with weakness and indicate poor prognosis (Bowman, 2010). However, in this study, the lambs
were not anemic, and the diet could have favored clinical resistance to blood spoliation. In
particular, for treated lambs, the flavonoids and other metabolites of AE promoted a better color
of the ocular mucosa, which could be associated with a higher rate of erythropoiesis. In anemic
rats, the combination of flavonoids has been reported as an erythropoiesis-stimulating
agent, improving the levels of red blood cells, white blood cells, hemoglobin, and hematocrit
(Zhang et al., 2017).

The hematophagy of H. contortus and abomasitis reduced protein digestion in the acute
phase, which explains the low concentrations of serum proteins in ruminants that are highly
infected (Borjesson et al., 2000). However, in this study, AE increased the total serum protein at
days 14 and 21 post treatment in lambs with hemonchosis, suggesting a faster recovery.

In this research, the animals in both groups had high concentrations of albumin, with
values above the reference. However, we detected hypoglobunemia due to abomasitis, which
reduces protein digestion and consequently the absorption of amino acids important for the
synthesis of these immunoproteins (Bricarello et al., 2004). Both albumin and globulin are useful
and sensitive indicators for assessing an animal's protein status (Contreras et al., 2000).

In this study, the serum concentrations of urea and creatinine in lambs with hemonchosis
were close to the reference limit for healthy sheep. However, higher urea values were observed
on days 21 and 28, suggesting the recovery of both lamb groups. The concentration of serum
urea is a direct and immediate reflection of the amount of protein nitrogen ingested or decreased
absorption associated with lesions in the gastrointestinal mucosa (Ribeiro et al., 2004). An
elevated concentration may also be associated with renal alteration (Bricarello et al., 2004).

Proteinogram analysis by electrophoresis is a useful tool for diagnosing the nutritional
and immunological status of animals (Alberghina et al., 2011). However, these parameters in

young sheep need to be better established, as well as the influence of hemonchosis. In this study,
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the al-globulin, a2-globulin, and y-globulin fractions did not show alterations, a result that

highlights the normal conditions of the animals. However, lambs treated with AE showed higher
concentrations of B-globulin, suggesting a recovery of their immunological status relative to
untreated lambs.

The globulin fractions are important indicators of inflammatory processes and protein
metabolism in animals (Gonzalez et al., 2007). Globulin reflects the animal's immunological
status; therefore, high concentrations of this metabolite are generally associated with recent
disease or vaccination management (Payne et al., 1987). In the study on selenium and copper
supplementation by Fausto et al. (2014), the values of these globulin fractions were found to be
similar to those observed in this study. However, this supplementation increased the total protein,
as verified for AE in this study, and gamma globulin concentrations in treated lambs compared
to untreated lambs with hemonchosis (Fausto et al., 2014).

5 CONCLUSION

The aqueous extracts of mango plant leaves showed high efficacy for EHI or LDI. In vivo
tests indicated that the leaf extract treatment had moderate anthelminthic activity and contributed
to the elevation of erythrocytes, hematocrit, and hemoglobin, plasma total proteins, and beta
globulin levels. These results suggest that M. indica is an alternative or complementary treatment

for hemonchosis.
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