CHAPTERII

Literature Review

L. Botanical background and chemical constituents of Mucuna collettii

Dam (Sukhothai), Maba Maeng (Chiang w-...: Dam (Nakhomratchasima), Tao

Hom and Han Hao Hom(Lo€l) (Boonkert et ai, 19823 Plengklai, 1977).

it is 30-40 m long and scatters

Mucuna colléttii js a § — I \\

by streams in everggée t. The ._ ve -\ oliate; leaflets 11-22 by 5-10 cm,
sparsely hairly, entire in; « 0 ¢ 1 long, base stout. Inflorescence is
hanging on the stem up to 3 ---3 epals covers with brown rough hair and
unites into a bel -shap ~_ urple pea like shaped. The

.s"}‘# 40 cm long. The seeds are

hard and flattened. ml‘he blooming flowers occur d ﬂ g January-March (Phengklai,
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stamens are 2 bundles
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The stem of M. gollattii was foundf?ntammg three isolated active compounds;
kaempferol, quercetin anc{ ho‘pieaﬁlenol dtructure of these active compounds is

shown in Figure 2 Each’ cﬁemlcal coﬁﬁtltﬁbnt could J’,hlghly inhibit cyclic AMP

phosphodlesterase 9nzyme and result in prolonged pcn_xlb erection. The median

inhibitory concentraion (ICso) of kaempferol, quercetin and hopeaphenol for inhibiting
cyclic AMP-~phosphodiesterase penzyme-was; 281.83,-8091 and 22.75 pg/mi,

respectively (Réengsamran et al., 2001; Roengsamran ef al., 2003).

Kellis and Vickery (1984) reported that quercetin which is the one of flavones
had a little inhibition of aromatization of androstenedione to E; in human placenta.
The ICsp of quercetfn for inhibiting aromatase enzyme was 12 umol/l. In addition,
quercetin significantly inhibited progesterone synthesis by inhibiting the reductive

activity of 17B-hydroxysteroid dehydrogenase (HSD) in human granulosa-luteal cells.



The ICsp of quercetin for inhibiting 178-HSD enzyme was 20 umol/l (Whitehead and
Lacey, 2003). However, there are no other reports on the effects of kaempferol and

hopeaphenol in reproductive system.
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Figure 2 The structure of three isolated active compounds from the stem of Mucuna

collettii; quercetin, kaempferol (A) and hopeaphenol (B).



II. The benefits of M. collettii according to Thai folklore remedy

As regards to Thai traditional medicine, it is beleived that M. collettii can
improve the human physical appearances ‘such as re-growing hair, promoting black

hair, improving flexibility of the body and prolonging life after orally taking the

1. Do not take M. collesii-t6a € or long-term, because it could make

2. Adult and pr femal . male sﬂuld avoid taking this herb
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Nowadays, numbers of people who concern themselves with health promotion
are increased. The way to promote health care and get rid of illness is usage of natural
products (Sabcharoen, 1998). M. collettii i one of the popular herbs that Thai people
used to improve their sexual functions, especially, in males (Roengsamran er al.,

2001).
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Although, there were some published data of M. collettii on reproductive
organs in male rats (Wuteeraphon er al., 2001) and its chemical constituents from the
stem (Roengsamran ef al., 2001; Roengsamran et al., 2004), but there is no data of M.
collettii on hormone-related reproductive functions. Thus, this study aimed to

investigate the effects of M. collettii on hormone levels and reproductive organs in
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ITL. Regulation of the

ic-pituitary-gonadal axis is
retion in female and male

each part and function of

R R —

in Figure 3. It fcludes optic chiasma, tuber cine reum, mﬁmdnbu and mammillary

e TR AT o v'élt’r}ﬁ/&«ﬂ m& downward o
the 1nfund1bulum The lower part of tuber cinereum which is richly supplied with
blood vessels that drain into pituitary stalk. This is called a primary capillary plexus
and then inturn empty into a secondary capillary blexus in the adenohypophysis via
median eminence. The vascular system links between median eminence and pituitary
gland is known as the hypothalamic-pituitary-portal system. Within hypothalamus are

clusters of neurons. Neurosecretory nuclei of hypothalamus and preoptic area (POA)
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produce neurohormones that regulate hormonal secretions in pituitary gland as
depicted in Figure 4. Axons from these nuclei travel either to median eminence or to
pars nervo;a. These neurohormones associated with median eminence and
adenohypophysis are termed hypothalamic hypophysiotropic hormones and are

identified either releasing hormones or releasing-inhibiting horrmones, depending on

e release from the adenohypophysis.

: ﬂptide, is assumed to be the most

2 emal stimuli, e.g. light, pain

whether they stimulate or inhibit '
Gonadotropin-releasing ho
important final common
“Wemotions and feedback, on

and chemical subs

reproduction conve

rats, most of the G sido the median eminence are located in the

secretion in a similar pattem (J AT
_ SEEBVIOL

Figure 3 The brain of rat.
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Pituitary gland i§ derived from pituit I eorphlegm Its alternate
- 1

means under and physis that

means growth. Pituitm}c gand of adult nE}nmals locates ventral to the brain just
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connection as shown in Figure 4. It‘consists of twa.regions, the adenohypophysis and

AR DTN Y,

Adenohypophysis contains a variety of cell types that regulates the certain
hormones in the body, gonadotroph which is the source of Gn granules and plays a
role in Gn synthesis and secretion also locates in adenohypophysis, too (Johnson and

Everitt, 1995; Norris, 1997; Kacsoh, 2000).
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Release of Gn (FSH and LH) is caused by GnRH. FSH and LH, which are

secreted from gonadotroph in anterior pituitary gland, travel via bloodstream to

gonads.

3.3 Gonad

The male repr/ ONS '\ of testes, the testis is covered

by mesothelium conti vaginalis. A thick dense

connective tissue e testis. The capsule is
reflected into the medi 1o form the, mediasternum and septula to divide the

testis into lobules to su he ' &emir fefous tub tles. The coiled seminiferous

i
connective tissue with lj 0 < arm ound in the loose vascular

connective tissue separatipggt.he tubules. v

AUYINYNINYINT
The testi}lhas two important‘roles in prodéieing s atozoa and sex steroid
homon%rﬂltsf]ﬁan\grnn am llljﬂa’tlg mtﬁ H seminiferous
tubules in close association with Sertoli cells, while androgen is the most important
male sex steroid hormones and its potent metabolite is testosterone which is produced
by Leydig cells in the intertubular connective tissue (Aughey and Frye, 2001; Johnson

and Everitt, 1995; Kacsoh, 2000),
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3.3.2 Female gonad

The female reproductive system consists of a pair of ovaries. Each ovary is
divided into an outer parenchymatous zone cortex and an inner vascular zone medulla.
The cortex of each ovary is covered by a simple squamous or cuboidal epithelium,

tunica albuginea is a layer of dense connective tissue beneath the epithelium. Deep to

that is the ovarian stroma containing t ous stages of follicle development. The
ovarian stroma consists % rranged in whorls surrounding the

ovarian follicles.

The ovary g oocytes and sex steroid
hormones results fr jor. | _‘ lormones of females are estrogen and
progesterone which d by m al g follicles before ovulation and the corpus
luteum after ovulation in . (Aughey and Frye, 2001; Johnson and

Everitt, 1995; Kacsoh, 2000). Z—'

-.i';—:r_,-'hj"l

The hormonﬁ' 'mnportant role in supporting

reproduction. In additi these hormoncwn influence other physiologic functions

suchas mmeﬂwm&m lolirdodcatboydrae metabotism

and muscle mass
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3.4 General regulation of reproductive system

Hormonal feedback loops become very complex in neuroendocrine function.
Two types of hormonal feedback have been described with respect to the length of the

loop; 1) long-loop feedback, in which blood concentrations of sex steroid hormones
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from gonads act back upon anterior pituitary gland, hypothalamus or other parts of the
brain to affect anterior pituitary glapd, and 2) short-loop feedback, whereby FSH and
LH from anterior pituitary gland act back upon the hypothalamus or other parts of the
brain to affect anterior pituitary gland as shown in Figure 5. In both male and female,
negative feedback effects of gonadal hormones on anterior pituitary gland and

hypothalamus are similar. The negative feedback effect of E; and T is achieved by

n et )amus. E; and progesterone (P) (in
. :
females) and T (in males)~aisoinhibi Hmut these effects are less than on

LH. The more comple ’ \ om the combined action of E,
or P or T and inhibi % T \\\\\ in regulation of Gn secretion.
\ secretion. At the high levels,

back induces LH and FSH surge,

aﬂL: " "- __ \ \

then ovulation will be sfterward:(Joh 1son and Everitt, 1995; Turner and
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SOMATIC TISSUES

Spermatogenesis

SEMINIFEROUS
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Figure 5 General principles of feedback control in reproductive system, in females

(A) and in males (B).
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3.5 Sex accessory ducts, organs and glands
Sex accesssory ducts, organs and glands in both sexes are the target organs of

sex steroid hormones action. Therefore, changes of sex accessory ducts, organs and

glands can be the supportive data related to the hormonal levels. Thus, some sex

accessory ducts, organs and glands w‘r

shape tail uﬂ%g@ Bﬂe&j qq %%@ﬂo‘g’m epididymis tubule is

lined by a psc&&ostratiﬁed columnar epithelium testing on a vasgular lamina propria
comtbho N i kb sk vl s o e

lumen as stereocilia. Sperm maturation and motilty are completely occurred in

epididymis (Hebel and Stromberg, 1976; Johnson and Everitt, 1995).

Vas deferens or ductus deferens emerges from the medial side of the

epididymal tail. It also runs cranially along the medial side of the testis and enters the
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abdominal cavity. This duct penetrates the dorsolateral lobe of prostate gland and
opens dorsally into the urethra. The end of each vas deferens has an expanded portion,
the ampulla, which is a reservior for sperm. Each vas deferens enters an ejaculatory

duct and urethra, respectively (Hebel and Stromberg, 1976; Johnson and Everitt,

Urethra is a tube c@%da through the floor of the pelvic

cavity and the penile le us urethra is a passageway of

\&us tube also transport sperm

1995).

urine. However, the ej

to the outside (Jones

Scrotum is 1 and epididymis are easily

palpable through the It. The cremaster muscle is

Penis consists (¥’ an outer fi broelastlc connective tissue capsule, tunica

R Ik ——

filled with bloo%I sinuses, 2 copora €avernosa which are formed by tunica albuginea
a1 ey hepdns e 1k o g scion G

and Stromberg, 1976; Jones, 1997)
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3.5.2 Male accessory glands
The male accessory glands include the seminal vesicles, prostate glands and

bulbourethral glands. These glands secrete substances into ducts that join the sex

accessory ducts (Jones, 1997).

lands with a fibromuscular capsule

e tissue Qnen is lined by tall columnar
t ‘\\\ ppearance to the cells. These
4 ;7 *\\,\\\ These glands also secrete

Seminal vesicles are
and elastic fibers in th
secretory epithelium wi

glands attach the vas

an alkaline, viscous _ nt nutrient for sperm (Hebel
and Stromberg, 1976;
Prostate gland is a singl > : . It lies below the urinary bladder and

surrounds the prostati j ine substances (Aughey

3_
y

Bulbowﬂ.h%! 8“53 W il% &}ﬁ.ﬁe‘%’sm of membranous

urethra. 'I'helr cts empty into therspongy urethra, these glandssecrete mucus that

1ubncaa tﬁur’;lam ‘jﬂmou‘\mla ’l} m %1997)

and Frye, 2001; Jon
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3.5.3 Female accessory ducts, organs and glands

Oviducts consist of infundibulum which is close to the ovary, ampulla which
is the middle segment and isthmus which opens into the ipsi-lateral horn of the uterus.
The epithelium is simple or pseudostratified columnar with secretory and ciliated cells

which play important roles in ovu perm and embryo transportations (Aughey and

shape. The lamina propriz deej _‘ ayer ;ular connective tissue, with simple
e lumen. Endometrium is the
layer prepared to recelve emblyo:aﬁe: liza ion. Myometrium is composed of a

deep inner layer oft f'xcular smooﬂ;fm ang er Jayer of longitudinal smooth

muscle and perimetridm is the outer Ik ssue layer or serosa, which is

continuous with the b d hgament (Aughey and Frye, 2001; Hebel and Stromberg,

oo ﬂ‘IJEJ g WEJ‘V]‘?WEJ'W]?
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orifice. The vaginal walls consist of mucosa, muscularis and serosa. The vaginal
epithelium undergoes cyclic changes. The vaginal wall has folds that allow it to

stretch during mating or birth (Aughey and Frye, 2001; Hebel and Stromberg, 1976).
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~ Vestibule is lined with stratified squamous epithelium. Cyclic changes are less

evident than in the vagina (Aughey and Frye, 2001; Hebel and Stromberg, 1976).

The stratified squamous epithelium of vulva is continuous with the skin at the

labia. Sebaceous and sweat glands are present in lamina propia. The clitoris consists

of erectile tissues, corpus carve

Frye, 2001; Hebel and Stroi
T —
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3.6 Spermat IS in‘rats

Spermatogenésis i tiie process ! rmatozoa in the seminiferous
;"J‘g:a ¥ \
tubules. It consists of thrge glements (Johnson and veritt, 1995; Ross, Romrell and
S
ahl'-":'a‘:--"i A

Kaye, 1995) as follows;

T -
Al

1. Mitotic proliferaﬁon_,;@{ w‘ d produces large numbers of cells.
Spermatoga 'E‘T;f"-'---i'—ﬂf'i‘}:"!“": ¢ f-regenerating stem cells
with subtle m@ho vl they have been described as types

Ay, Az, A;, Ay, Tnitermediate and B.aﬁ Ejspennﬁto%mia divide to produce

preleptﬁlniJr&lu;l]jgnalcyls.s
Y
5 ﬁjew,.ralﬁ ﬂﬁiﬂfﬁﬂ’ﬁ“ﬁ ﬂeﬂ eTﬁ d halve the
chromosome number. As the primary spermatogenic cells proceed through
the first meiotic division, they pass through a series of the morphological
distinct phases. The secondary spermatocytes produced by the first meiotic
division immediately enter the second meiotic division and give rise to the

haploid spermatid.
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3. Spermiogenesis is the period to pack the chromosomes for effective delivery to
the oocyte, the haploid spermatids undergo a maturation process that produces

the mature sperm. .

3.7 Folliculogenesis in rats

Folliculogenesis @”%«velopmcm which it is generated

the mature follicles in the ov 1an 0 Qyulatlon The growing follicles
o

are further subcate \@ndaty and mature or Graafian

iculogenesis were as follows

follicles. The hist

chromatin. When the-follicles are . dloped, a primordial follicle

enlarges to form a pnmgy follicle. Entem@,the stage of primary follicle, the primary

o e DRI IR T e s
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primordial oocyte. The granulosa cells proliferate to form the epithelium around the

oocyte. Between the oocyte and the granulosa cells there is the homogeneous

glycoprotein layer, zona pellucida which it is synthesized by the granulosa cells.



With further development, the primary follicle gradually changes in to a
secondary follicle. Spaces between granulosa cells occur, widen, and eventually
merge forming the antrum. The follicle becomes a secondary follicle. The antrum is
filled with follicular fluid. Membrana granulosa which it is formed by the

arrangement of granulosa cells in a stratified manner along the basement membrane
occurs while the antrum enlarg 1 ulosa cells surrounding the oocyte form
the corona radiata and the@g&o &,h it is resulted form the continuous
membrana granulosa surr them -_nted Early in the stage of the
secondary follicle, y | ls orga e into a capsule or the theca

folliculi, which it 4

ulosa by the basement

membrane. Then

theca interna, and

\.
'-4
‘*::‘.
Il- %,

closely packed collagen fibers ﬁr{@ﬁau 1siforn

g Y B L ~

t Esicle that protrudes from the

surface of the ovary. A; result of the agcumulation of follicular fluid, the antrum

e s 48 SN BUTHINNT e e
adhmﬁf""ﬁ SHEIDEY Wik (1781583

After ovulation, the follicular wall is thrown into folds and transformed into a
tempory endocrine gland, the corpus luteum. The corpus luteum is surrounded by a
layer of connective tissue. The parenchyma of the gland consists mainly of two cell

typeé; granulosa lutien cells and theca lutien cells.
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3.8 Reproductive cycles in rats
Reproductivé 6ycles in mammals can be separated into 2 types; the menstrual

cycle which it is exhibited in seasonal reproductive cycles and the estrous cycle which

it is exhibited in most mammals. The female animals that show the estrous cycle are

s,

although the timing of the

ght, temperature, nutritional

stages (Norris, 1997; Tumner

grow rapidly ang, mature. The ut 1 undergo progressive enlargement and

el m@mmmm Comifed cel,
which were produced by the éctions of es roéstrus, appear in the
qpﬂ ’Jl ai n iﬁ‘! ugMI Tﬂvﬂ §ju@f EJ cells (Co) as
shown in Figure 6

2. Metestrus, this period occurs shortly after ovulation and it is the intermediate

between estrus and diestrus. The period lasts for 10-14 hours. The ovaries

* maintain corpus luteum and small follicles. The uteri have reduced in
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vascularity. Vaginal smear exposes many leukocytes (L) with a few cornified
cells as depicted in Figure 6.

. Diestrus, this is the longest period of estrous cycle. It lasts for 60-70 hours
during the functional regression of corpus luteum occurs. This evidence of

corpus lutea cause a slight increase in plasma progesterone, which it was

L.a peak in this period. This

Proestrus, the . ]
result is ongos il atior the \\\\\. ipanied by a small surge of
FSH and is # : idly by a \ \‘ arge of progesterone. Fluid

accumulates in" thg" ugeri. iz e.l}_ _smear represents dominantly nucleated

AU INENINYINS
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cycle by vaginal smear.
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IV. Effect of exogenous testosterone administration on the pituitary-gonadal axis

Exogenous testosterone propionate administration, approximately 300
ng/100gBW/day in 0.2 ml of sesame oil or more could suppress serum Gn levels in
both male and female rats (Beyer et al., 1974, Gay and Bogdanove, 1969; Ramirez
and McCann, 1965; Swerdloff a ierman er al., 1990). In addition,
testosterone propionate ion atéugBOOgBW/day could gain the

serum testosterone levels and

weight of epididymis

o-de n- ent in male rats (Gay and

decrease testicular t o

Bogdanove, 1969; Ram loff and Walsh, 1973; van
Roijen et al., 1997). M ionate at least 500 ug/200gBW/day

and Rochefort, 1977; Ruth and Ruth, 1975 Schmidt ef al., 1976) and produce

unestrous cycles in normal fesale rats (Beyer ek« 1974). Therefore, testosterone

sesame oil was chosen to

ensure the suppressioaf exogenous testosterone propidate on pituitary-gonadal axis

i ﬂumwmwmm
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pltultary onadal axis. To clarify the indirect effect of M. collettii on gonad through
the hypothalamic-pituitary-gonadal axis, serum LH, FSH, E; and T levels were
determined in this study. To clarify the direct effect of M. collettii on gonad, changes
of testes, epididymis and seminal vesicle in males, and changes of ovaries and uteri

and vaginal cytology in females were also determined in this study.
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