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Effects of Leucaena leucocephala(Lamk.) Shoot Tips Plus
Young Leaf Extract Containing Mimosine on Reproductive
System of Male Rats
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SUMMARY: This study aimed to determine the mimosine level and examine the male reproductive toxicity dftactaefha
leucocephaldLL) shoot tips plus young leaf extract. Mimosine level in LL extract was determined by thin layer chromatography before
administration in animals. Male rats were divided into control and LL (1,500 mg/KgBW) groups (n = 6). After 60 days of akperime
serum sex hormones, sperm quality, and testicular histopathology were assayed and observed. Malondialdehyde (MDA) level and
expressions of steroidogenic acute regulatory (StAR) and phosphorylated proteins in testicular lysate were examinedibyttivesstern
Results showed that mimosine levels in LL extract was 1%.B32 % of dry weight. LL significantly decreased FSH & LH levels,
sperm qualities, and seminiferous tubule diameter compared to the control (p<0.05). Seminiferous tubular atrophieslaeghingell s
and degenerations were observed in LL group. In addition, testicular MDA level and StAR protein expression were sigeificaggdd
in LL group. LL extract could increase the expression of a 50 kDa phohorylated protein in testicular lysate. In conclestmaxtltias
mimosine and reproductive toxicity effects on males.

KEY WORDS: Leucaena leucocephaleShoot tips plus young leaf; Mimosine; Male reproductive system; Rats.

INTRODUCTION

Currently, many plants have been reviewed to inhibjtlant is toxic to cattle and poultry animals because it caused
the sermatogenesis and steroidogenesis (D'@tuat, 2010; the retardation of growth, infertility and death (Andersbn
Daniyal & Akram, 2015). Although various plants have beeal., 2001; Clémergt al, 2012; Bhatiat al, 2014). Possibly,
documented to have reproductive toxicity in males, the repottsese toxic effects may result from mimosine action
about such impairment of commonly edible plants/vegetabldscumented as a major toxic content in LL extract (Adeneye,
are still limited. TheLeucaena leucocephafhamk.) de Wit  1991; Chanchay & Poosaran, 2009). Indeed, mimosine was
(LL) is promoted as a miracle plant because it has mangported to have inhibitory activities of many cancers, cell
properties such as used for human food, forage, firewoatlyisions, cell proliferations and differentiations (Hughes &
and high nutritive resources for animal husbandry (Hetng Cook, 1996; Chanet al, 1999; Krude, 1999). Although parts
al., 2003; Meenat al, 2013). Some parts of the LL extractsof LL have been wildly consumed in Thailand, its mimosine
have been documented to possess antioxidant activitiegel and toxic effects on male reproductive system have never
(Chanwitheesukt al., 2005; Maisuthisakul, 2012; Benjakul been reported. To provide the basic information tatioa
et al, 2013; Hassaet al, 2013; Burawatt al, 2016). In people about hazardous effects from consecutive
Latin America (Duke, 1983), the root and bark of LL haveonsumption and for further development of male alternative
been used as antifertility substances. Additionally, young asdntraceptives; therefore, we attempted to investigate the
mature leaves of LL are commonly used as human food aefilects of LL shoot tips plus young leaves aqueous extract
animal feeds in tropical countries including Thailand. Thisn reproductive system in male rats.
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MATERIAL AND METHOD

Plant collection and extraction.Leucaena leucocephala Application of validated TLC method to quantify mimosine
(Lamk.) de Wit (LL) cultured Khundong 58 Punmai Farmcontent in LL. After filtration through Whatmann no.1 paper,
Khon Kaen province, Thailand were botanically confirmedL solutions (2 mg/ml) were spotted along with standard
by Professor Dr. Pranom Chantaranothai, a plant taxonomissjution on the chromatoplate. This plate was developed by
Department of Biology, Faculty of Science, Khon Kaemutanal: Acetic acid: DW (55: 25: 20; v/v) in a saturated twin
University. Then LL samples were kept in the KKUtrough chamber. Then, the developed plate was dried and
herbarium (no. Jaturon Burawat 02 [KKU]). After 21 daysprayed with Ninhydrin. The sprayed plate was captured for
of trimming of the tree branches, the shoot tips and youtige image under UV light, and scanned at 254 nm. The peak
leaf (24-28 cm in length) of LL were harvested. Samplesreas of the standard and samples were compared to produce
were aqueous extracted at T@for 3 min, spun, and dried the standard curve (y= 4479.7x+145.63). The amount of the
by using the spray dryer (Nitro A/S-Gladsaxeveg-305-DKmimosine level in LL was calculated in triplicate.
2860, Soeborg, Denmark). The extraction yields were
approximately 4.74 %. Animals and treatment regime.The male Sprague-Dawley
rats (6-8 weeks) were purchased from the National Laboratory
Mimosine content determination using Thin Layer Animal Center, Thailand. Rats were housed in the Northeast
Chromatography (TLC). For standard and LL preparations,Laboratory Animal Center (temperature 22+ 2 °C, 12 h
mimosine solution (0.45 mg/ml; Sigma-Aldrich, Lot#light/dark cycles), Khon Kaen University, Thailand. Twelve
077K7007V, USA) was diluted with 0.1 N HCI and 50 mganimals were randomly divided into control and LL groups
LL powder was dissolved in DW. The TLC reagents wergh=6). Rats in LL group were orally received with 1500 mg/
carried out following: Analytical ninhydrin reagent waskgBW/day of LL for consecutive 60 days while control rats
purchased from Ajax Finechem, Australia. Silica Gel 60 F254ere received with DW. At the end of treatment, all animals
Aluminium plates were purchased from Merck, Germanyvere euthanized to collect the blood and male reproductive
A CAMAG TLC system (Muttenz, Switzerland) equippedorgans. This experiment was duly approved by the Animal
with automatic Linomat 5 Applicator, CAMAG TLC Scan- Ethics Committee of KKU, based on the Ethics of Animal
ner 3, CAMAG Reproster 3, and CAMAG winCATS soft-Experimentation of the National Research Council of Thailand
ware (version 1.4.2) was used. Hydrochloric acid (HCIYRec. No. AEKKU-NELAC 10/2558).
butanol, and acetic acid were of analytical grade.
Sex hormone analysisBlood samples were collected by
Method validation. TLC method was validated in terms ofcardiac puncture and centrifuged at 13000 rprC 4for 7
linearity, limit of detection (LOD), limit of quantification min. The plasma was subsequently sent to the Radiology Unit,
(LOQ), precision, and accuracy. A linearity was firsSrinagarind Hospital, Faculty of Medicine, Khon Kaen
determined by spotting of a series of known-five standatgniversity, Thailand to assay the levels of testosterone, follicle
concentration to gain a standard curve. Theffnimosine  stimulating, and luteinizing hormones.
standard curve was 0.99. Second, diluted solutions were
spotted on TLC plate to determine a minimum concentrati¢fistopathology. Testis, epididymis plus vas deferens, and
of LL extract that mimosine absorbance can be detectegminal vesicles were fixed with 10 % formalin. Gross
LOD and LOQ of LL were 0.6 and 2.0 mg/ml, respectivelymorphology of these reproductive organs was captured by
Third, repeatability (intra-day, n= 9) and reproducibilitydigital camera (Nikon Coolpix S2600, Japan). Only testis organ
(inter-day, n= 9) precisions were validated by spotting was embedded in paraffin, sectioned at 5 mm thicknesses, and
concentration mimosine on the stationary phase. Recoveigined with hematoxylin and eosin. Then, testicular sections
accuracy was investigated to calculate the percentagewdre observed. In addition, diameter of seminiferous tubules
relative standard deviation (%RSD). Percentages of RSD(in00 tubules per animal) in control and LL groups was
repeatability and reproducibility were 1.85 and 2.85measured in four different axes.
respectively. Finally, the known concentrations of mimosine
(0.27,0.63, and 0.81 mg/ml) were spotted in different sev@perm count assaySperm fluid was squeezed form caudal
lanes along with series of the standard mimosine to evaluajsididymis and dipped into 1 ml of PBS, 37, pH 7.4. The
the percentage of recovery (%recovery). It was found théiid was centrifuged at 5000 rpm, 26, for 2 min. Then, the
% recovery of such concentrations was 101.11, 96.16, aggerm pellets were re-suspended with 1 ml PBS. The sperm
103.15, respectively. The accuracy of this method &uspension was loaded on Neubauer counting chamber to count
acceptable (95%recoverg 105). sperm in triplicate examinations.
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Sperm head morphologyThe sperm was smeared on glasRESULTS
slide and dried in hot air oven at 50 overnight. Then, the
dried sperms were fixed with methyl alcohol and stained
with haematoxylin and eosin to distinguish normal antdevel of mimosine contentA spot of standard mimosine
abnormal sperm heads. The percentage of abnormal speanresponds to that of the first spot of LL (Figs. 1A and 1B).
heads was calculated as described by A&t (2016) and In addition, the mimosine was confirmed from the
Sakret al (2014). chromatogram after derivatization with Ninhydrin reagent
(Fig. 1B). The purity and chemical structure of standard
Sperm acrosome statusSperms were fixed in 4 % mimosine were confirmed by Proton Nuclear Magnetic
paraformaldehyde solution and were smeared on gelatResonance Spectroscopy (1H-NMR) (Fig. 2). The NMR
coated slide (Unifrost Microscope Slide, Azer Scientific)spectrum of standard mimosine emerges five peaks of 7.607,
The smears were stained with 0.22 % Coomassie blue €527, 4.461, 4.407, and 4.099 ppm, respectively (Fig. 2).
250 following mounting with glycerol solution. For spermThese proton peaks were further used to predict by Dr.
acrosome classification, sperm with Coomassie blu&rinan Kulchat, a Dynamic Combinatorial Chemist and
staining on acrosome cap was classified as acrosome int&uiwed that its chemical structure is of mimosine (Fig. 2).
sperm. Sperm without cap blue staining was acrosoméer quantification, mimosine content level in LL extract
reacted sperm as previous reports (Bendahnearsd, was 17.3%1.12 %.
2002; Sukhorum & lamsaard, 2017). To quantify th-
percentage of acrosome reacted sperm, total 200 spe
in each animal were counted.

A

End point—

Testicular malondialdehyde (MDA) assay.Testis was
homogenized with RIPA buffer containing protease inhibitc
cocktails. Then, the homogenate was centrifuged at 12,0
rpm at £C for 10 min. The total protein concentration wa
measured by using NanoDrop ND-1000 spectrophotome!
at absorbance 280 nm. The concentration of MDA we
measured by thiobarbituric acid reactive substance assay
described previously (Luangarahal, 2007).
Shart poiri— < Mimosine spots
Western blot analysis.Testicular lysate (80 mg) of both
groups was separated on 10 % SDS-PAGE. The prote
were transferred onto nitrocellulose membrane and no
specific blocked with 5 % skim milk in 0.1 % PBST. Then Y
the membranes were incubated with StAR antibody (Santa
Cruz Biotechnology Inc., USA), b-actin antibody (Sant&ig. 1. The thin layer chromatogram of LL and standard mimosine
Cruz Biotechnology Inc., USA), or anti-phosphotyrosinéinder UV254 nm (A) and visible light sprayed (B) with Ninhydrin
antibody (Millipore Co., USA) at 4C overnight. The feagent.
membranes were incubated with goat anti-rabbit IgG
secondary antibody (conjugated with horseradish peroxidastect of the LL extract on sex hormone levelsThe levels
[HRP]) for StAR antibody or goat anti-mouse secondargf testosterone and FSH in LL group were significantly
antibody (conjugated with HRP) for b—actin anddecreased (p<0.05) compared to the control (Table I).
phosphotyrosine antibodies. The antigen-antibody complélowever, no significant alteration of LH level was found
was detected by using enhanced chemiluminescenoetween groups.
substrate under gel doct 4 (Image Quant 400, GH Healthcare,
USA). The ImageJ program (Version 1.49p) was used @ross morphology of reproductive organsThe shape and
measure the intensity of such proteins. size of testis (Fig. 3A), epididymis plus vas deferens (Fig.
3B), and seminal vesicles (Fig. 3C) in control and LL groups
Statistical analysis.Data were represented as meatan- were not obviously different (Fig. 3).
dard deviation (SD) and analyzed by using one-way analysis
of variance followed by a t-test for multiple comparison8ody and reproductive organ weights.No significant
using SPSS Statistics 17.0 software. A valye<.05 was differences in body and reproductive organ weights of LL
used to be considered as significant difference. group compared to control group (Table ).
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Fig. 2. Proton Nuclear Magnetic Resonance spectrum (1H NMR) of standard mimosine
used in present study

Table I. The levels of sex hormones of male rats after treatment for
60 days.

Sex hormone levels (ng/ml) Control LL
Testosterone hormone 0.94+0.07 0.08 +0.05* P
Follicle stimulating hormone 0.37+0.16 0.07 +£0.02*
Luteinizing hormone 0.25+£0.01 0.21 +£0.04
* Significant differences (p<0.05) as compared with control group. LL

Testicular histopathology. LL-treated rats showed some

histopathologies in seminiferous tubules (Figs. 4B-E) |

compared to the control (Fig. 4A). Most atrophic seminiferous rig 3. Gross morphologlcal photographs of testis (A), epididymis

tubules with large interstitial spaces were seen in LL-treatedp|us vas deferens (B), and seminal vesicles (C) of control and

testis (Fig. 4B and 4C). In addition, Figure 4D representsLL groups.

sloughing of germ cells into lumen of some seminiferous

tubules in LL group. Moreover, slight germ cell degeneration

(Fig. 4E) was observed in some tubules of LL rats. extract for 60 consecutive days as compared to that level of
control rats (Fig. 6).

Effect of LL on sperm qualities and diameter of
seminiferous tubules.Sperm head morphologies wereEffects of LL on expression of steroidogenic acute
classified into 3 types including normal sperm head witlegulatory protein. The expression of steroidogenic acute
hook (Fig. 5A), abnormal sperm heads without hook (Figegulatory (StAR) protein in testicular lysate of LL group
5B), and pinhead sperm (Fig. 5C). The percentage whs decreased as compared to control (Fig. 7A). After
abnormal sperm heads was significantly increased (p<0.0B)ensity quantification using b-actin as internal control,
compared with control (Table Ill). Additionally, the StAR protein of LL-treated rats was significantly reduced
percentage of acrosome reacted sperms in treated group Ypa®.05) as compared to control rats (Fig. 7B).
significantly increased (Table IIl). Moreover, sperm
concentration and diameter of seminiferous tubules in LIEffects of LL on expression of tyrosine phosphorylated
treated rats were significantly decreased (p<0.05) companadteins. The patterns of tyrosine phosphorylated proteins
to control (Table I11). were shown in figure 8A. It was found that expression of a
50 kDa-phosphorylated protein in LL-treated group was
The malondialdehyde (MDA) level. The MDA level was higher than that of control (Fig. 8A) as also confirmed by its
significantly increased (p<0.05) in rats treated with the Lintensity in the figure 8B.
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Table 1. The body and reproductive organs weights of control and LL group: o B C
Parameters Control LL
Body weights
Initial (g) 194.86+0.71 194.63 £3.47
Final (g) 379.67 +37.67 385.75 +£20.30
Testicular weights = e 10um
Absolute (mg) 3.78 £0.31 4.03+0.24 Fig. 5. Photographs showing normal and abnormal
Relative (g/100 g BW) 0.93 £0.01 1.04 +£0.11 sperm heads observed in this study (A; Normal sperm
Epididymis plus vas deferens weights head with hook, B; Abnormal sperm heads without
Absolute (g) 0.73 £0.09 0.72 +0.04 hook, and C; pinhead)
Relative (g/100 g BW) 0.18 £0.01 0.19 £0.01
Seminal vesicles weights 4
Absolute (g) 1.90 £0.12 2.01+0.10 T
Relative (g/100 g BW) 0.47 +£0.07 0.52 £0.03

Table Ill. Sperm qualities and diameter of seminiferous tubules of rats after 6
day treatments

Parameters Control LL
Sperm qualities
Sperm concentr ation (x10° cell /ml) 39.58 + 6.48 26.88 + 5.91*

MDA (nMol/mg protein)

Abnormal sperm heads (%) 0.38+0.18 3.69 + 1.05*
Aaosome reacted sper ms (%) 6.50 £ 0.70 14.88 + 1.40* :
Diameter of seminiferous tubules (um) 315.71£594  279.09 £ 6.14* Control ' LL
* Significant differences (p<0.05) as compared with control group Fig. 6. Malondialdehyde level in rat testicular lysate

(* Significant differences (p<0.05) as compared with
control group).
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tubular atrophies, D; germ cell sloughing, and E; germ cell degenerations)
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Fig. 7. The immuno-Western blot of steroidogenic acute regulatoRig. 8. The immuno-Western blot of tyrosine phosphorylated

(StAR) protein in testicular lysates of rats (A) and intensity ratiproteins (A) in testicular lysates of rats (epidermal growth factor

of StAR and b-actin (B) [* Significant differences (p<0.05) ag§EGF]; positive control and bovine serum albumin [BSA]; negative

compared with control group]. control) and intensity ratio of 50 kDa-phosphorylated protein and
b-actin (B) [* Significant differences (p<0.05) as compared with
control group].

DISCUSSION

It is very well known that all parts of LL tree Verma & Singh, 2017). Similar to others, LL can also
especially leaves and seeds contain mimosine whichifgrease MDA resulting in testicular damages (Fig. 4). The
proven to have inhibitory activities of many cancers, ceflecreased FSH and testosterone hormones in LL group
divisions, cell proliferations and differentiations (Waetg caused spermatogenesis impairment resulting in low-sperm
al., 1995; Hughes & Cook; Chaegal; Krude). The levels qualities. It was reported that sperm phosphorylated proteins
of mimosine in LL depend on locations, ages of plant, scire essential for capacitation and acrosome reaction
types, seasons, and extraction methods (Ghosh (¥anagimachi, 1994; Visconti & Kopf, 1998). The changes
Bandyopadhyay, 2007). In colorimetric determination9f patterns of testicular phosphorylated proteins resulted in
mimosine level in LL leaves grown in North, Thailand waglterations of sperm concentration in rats treated with some
4.4 % dry weight (Chanchay & Poosaran). This stud§rugs or substances (lamsaatcal, 2013, 2014; Aruret
demonstrated level of mimosine in LL shoot tips plus yound-; Sukhorun & lamsaard, 2017). From increasing of a 50
leaves extract (17.35 % dry crude extract) cultured #Pa-phosphorylated protein in LL-treated group, we

Northeastern, Thailand, using TLC with method validatiogssumed that this protein may be involved in interruption of
for the first time. sperm production. Decreased testosterone could be explained

by expression reduction of StAR protein. No alteration of

This study found that LL extract caused the significartH and decrease of FSH in LL rats are still unexplained. It
increase of testicular MDA level indicating high lipidis possible that some substances in LL interfered FSH except

peroxidation in testis. Previously, some plants causddl synthesis. Although animals treated with LL were still
testicular damage resulted from increasing of testicular lipfeealthy, their reproductive parameters were impaired. These
peroxidation (Bajaj & Gupta, 2012; Kumar Retyal, 2016; results suggest that LL extract has direct effect on male
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