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ABSTRACT

i

i

i

|

i

\ |
! i

The overall aim of this research is to examine if the bark extract of Carica papaya would serve

as a male contraceptive agent by determining the morphological responce of the testes of |

Sprague- Dawley rats using histological and stereological parameters. Il

Methodology: 60 adult (6 — 8 weeks old ) male Sprague-Dawley rats were used for this II

experiment which was conducted in 3 ( three ) groups of 4 weeks, 8 weeks and the reversal |

group. In each group, rats were subdivided into another group of three. Group 1 served as the |

control group, while groups 11 and 111 were fed with low (50mg/ml/day) and high ll

(100mg/ml/day) doses of the extract respectively. Histological assessment and stereological l

|

|

|

1

measurements were taken for both 4 weeks and 8 weeks groups at the i_-:nd of the experiment
while the reversibility effect was also assessed after 8 weeks reversal period.

Tissues were processed for histological examination under light microscopy,immunological
assay and stereological analysis. Stereological parameters estimated include : Tubular diameter,)
cross sectional area of seminiferous tubules , volume density,number of profiles per unit area,

: l
absolute volume of seminiferous tubules and testicular intersticium, numerical density, length |
density and star volume of the seminiferous tubules.

There was also degeneration of the seminiferous tubules following a short term administration o
the extract at a dose of 50mg/ml/day and a destruction of the tubules and testicular intersticium

|
f
|
following a long term administration of the extract at a dose of 100mg/ml/day. |

|

There were dose and duration dependent antifertility effect which were reflected in the
histological changes within the testes. There was some deleterious effects of the extract on the
accessory reproductive organs, i.e fibrosis and necrosis of the epithelial cells . These effects were|
also found to be dose and duration dependent. The effects were minimal in the low dose group forl

4 and 8 weeks than in the high dose group, hence reversibility was possible for the low dose

!

_ i
group. These results cornfirms to us that Carica papaya bark extract could serve as an |
antifertility agent when given at a lower dose.

l.
i
i
I

Xvii
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INTRODUCTION 1

CONTRACEPTION means (o prevent conception, ‘buf in common medical usa%e,
it also refers to methods that prevent implantation. 'I‘ho.ali goal of contraception is #o
make every child a wanted child. Pregnancy termination :is not typically regarded ei%s
contraception, but the availability of medical methods. of abortion has blurred thills
distinction. Many methods of contraception (e.g. bérrier methods, hormonaI}
preparations) also reduce the risk of sexually transmitted disease (STD), buli]
i
intrauterine devices (IUD) may increase this risk of STD and their consequence§
(Turner et al., 2003). Contraception occurs by interfering with the physiology of thei'l
organs and tissues of reproduction or by erecting baniers that will effectively II;
prevent the fertilization of the ovum by the sperm cell. It is critical to health, l'E
development and the quality of life. Both men and \%roﬁlen have little self- ‘

determination unless they have control over their own fertility (Lissner, 2006). A

revolution in contraception in the past has helped couples plan their family, space

births, reduce matenal mortality and increase edycational opportunity |
(Reproductive Health Tech. Project, 2004). However, th]S revolution remains l{
unfinished. Most methods of contraception are designed‘ for use by women. ill
Hormonal methods of male contraception are under develoﬁment, but are not yet ]

commercially available. The methods of contraception currently available to men

are withdrawal, condoms and vasectomy. These methods are generally categorized

as reversible or irreversible. Withdrawal and condoms are often referred to as

reversible methods and can be inconvenient, and both suffer '_from unreliability in
typical use. Vasectomies are reliable with a high success rate but are not readily

reversible. Prospective future male contraceptive should be highiy reliable,



&

3

reversible, cheap, accessible and convenient (Turner et al.:, 2003). In any case,

unless such products prove to be aimost free of side effects, the acceptance by men

would be impossible.
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BACKGROUND OF STUDY | ;
: \
Men account for over 33% of total contraceptive use in the United Stales':of

America (Mosher e al, 2004). Male condom use is ‘common among mmarri%ad

|
couples. This popularity is due in part to the protection its use affords against certain
STDs, particularly Human Immunodeficiency Virus (HIV) infection. With married

i
men in poor countries, control over their fertility is essential from an economic

|
standpoint to stay out of poverty and avoid losing their wives. Males generally hav'é]',

1
fewer options for controlling their fertility than women and these options are even

. 1
less satisfactory. In more than four decades since women got the “pill”, birth-control‘,]

f
methods available to men have not changed much. The search for a safe, effective;

1
and commercially viable hormonal contraceptives for men has been a slow one (Liv, ‘,

2006). In addition, not only are they imperfoct but also fewer of them other than |
withdrawal leads to 21% pregnancy rate in couples (Mosl"ler el al., 2004). Males Iil
have new reasons for wanting a more perfect control over ‘]their fertility. They are l‘i
becoming more vocal (Garrison, 2005). A 2003 men’s heaith article explored this li

|
1
phenomenon and concluded that the time is ripe for new contraceptive options for

I
men (Gifford, 2003). ;‘

A recent study of over 9,000 men in 9 countries on 4 continents showed
more than 60% of men in Spain, Germany, Mexico and Brazil expressed willingness
to use a new male contraceptive (Heinemann ef al, 2005). A safe, reliable, long

acting, reversible, low cost male contraceptive would therefore fulfill the need not

only for men who wish to control fertility, but also for many of i:heir female partners
as well i.e. women who would not otherwise have access to ‘acceptable, reliable
contraceptive (Lissner, 2006). Approximately 48% of couples of 15 - 45years of age

practice family-planning methods. Although sterilization has decreased from 3.4%



s
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|

|

. |
to 1.9%, the use of condoms has increased from 2.4% to 3.1% by 1999 (Sharm:? et
al,, 2001). There is an urgent need for research to develop contraceptive modalities

j
especially for men and also for women, to make existing methods more safer,

affordable and acceptable. For example, current efforis in India to develop mzi_ﬂe
i |

contraceptives are mainly directed towards: |

L Development of antispermatogenic agents to suppress sperm production. ,
2. Prevention of sperm maturation. : |
3. Prevention of sperm transport through the vas deference or rendering these
sperm infertile. |
4. Prevention of sperm deposition (Sharma ef al., 2001). :

The first clinical trial to use androgen for male contraception was carried out

in India (Reddy and Rao, 1972). These investigators induced uniform azoospermll?
in men by daily injection of testosterone propionate. A‘subsequent study using l'?
long acting androgen_testosterone enmantate (TE) was unable to induce uniforrr'll
azoospermia (Rajalakshmi, 1994). This study showed an elevation in the levels of
dehydrotestosterone and estradiol. The author suggested that such an elevation mI
androgen and estrogen levels might affect various target organs when used for ma]e|
contraception. World Health Organization (WHO, 1990) camed out a similar study|,I
using weekly injection of 200mg of TE (a prototype of androgen). Kinger ef al. |
(1995) carried out another study using testosterone biacilate (TB), an androgen withi
protonged duration of action. Both results showed the inability of androgens alone i

: l
regimen to induce and maintain uniform azoospermia, which was produced by a l
|

combination regimen of long acting progesterone and androgen (Rajalakshmi,

2005). The studies carried out in India demonstrated the need for a critical |

evaluation of the effect of androgen use on target organ finction before the drug I
' x
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could be used for male contraception. The non-availability of long acting m;firogen
was a limiting factor in the development of a male éontraceptive regimen (Ki;‘z_ger et
al., 1995). Many developing countries are economicélly poor and have basicaify two
affordable contraceptive choices; (i) Sterilization '_yvlﬂch is permanent and (i)
Copper Intra Uterine Device (IUD) which causes pain and heavy bleeding (Lisé;lner,
2006). Some of the newer available methods are too expensive for most olethe
world’s couples and only few methods are both effecti;{e and free from side effe%ts.
For these reasons a contraceptive market is necessary, -if a variety of methods ali‘re

available, each one can select the method that is best for their needs. \

‘
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ORAL CONTRACEPTIVES:

Oral contraceptives are chemical substances which consist of syf?thetic
hormones (progesierone and small amount of Jioestrogen) found to pli;event
pregnancies (Lucas and Gills, 1977). They are prepared to release their z!i\ctive
principles slowly and are the most effective method of contraception until they %vere
tested to have toxicity issues (Anderson and Baird, 2002). They are also associ;":}ted
with side effects which includes nausea, breast djscomfort, weight gain, increal'c{ed
risk of cardiovascular and thromboembolic diseases (Hall'et al., 1991). The fear]'lpf
side effects has been partially responsible for lim'rting"the use of this method E?f

|
contraceptives. Most women who stop taking oral contraceptives change to a less
. i

effective one or to the traditional (herbal) method.

i
]
1

)

The use of herbs and other means of traditional contraceptives are not new. |
L It cuts across the wholé world both in century past and present. Some herbs have
= been reported .to possess antifertility properties e.g. date palm, oil palm, wheat and |
paw paw. Other botanicals have been demonstrated to improve a wide variety of

i&
health conditions e.g. Aloe vera, Kelp, Morinda citrifolia and Carica papaya.

ORAL METHODS OF CONTRACEPTIVES FOR MEN

Gossypol: is the most famous oral contraceptive derived from plant. Although

abandoned by the WHO, it continued to be studied in Brazil and elsewhere. The

main concern about gossypol is irreversibility (almost 40% of men did not regain

fertility) and a lingering question about toxicity (Meng et al., 1988, Anderson &
Baird 2002).

R
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Tripterygium wilfordu: has also been recognized to have an antifertility eﬁ'e;'gt in
men at the doses used in Chinese medicine but infertility has been known for n't:l‘any
years as the side effect along with other main side effects (Qian, 1987).

Nifedipine extracts: incapacitates sperm partially by Elocking the calcium chamllliel
(Shi, et al., 2003) without affecting male hormone milieu, but the contracepti\:r._e

reliability is another crucial area of research. Scientists are vet to study at whdt

percentage of nifedipine users became infertile (Enders, 1997).

The compound N-butyldeoxynozimycin with trade name Muglustat or Zav&sca\l_

uses a similar approach to Nifedipine. It is used in the treatment of a rare genetic in

disorder, Gaucher disease. Studies in mice at the University c"jf Oxford show that low
doses of Muglustat interfere with sperm development and tl:;is effect is reversible.
Muglustat impairs the ability of sperm to swim by causing i;Tegular mitochondrial
sheaths, poor attachment of tails and deviant head shapes. 1t also removes the ability
of sperm 1o fertilize an egg on contact due to the deviant head shape and
malformation of the acrosomes. These effects are reversible and fertility returns
three weeks after stopping the drug (Vander Spoel ef al., 2002). Muglustal does not
affect the genetic integrity of the sperm, allaying concerns about birth defect in case
of failed contraception (Suganuma et al, 2005). The question left unanswered is;
will muglustat be affordable? 1t will require roughly $100,000 per year for a patient.
This price barrier needs to be addressed. |

Catsperm: Short form for ‘cation channel of sperm’ is a prorm'si#g antifertility
agent though it is in the early stages of research. Researchers have found a protein
dubbed catsperm that sperm need in order to beat their tail energeticai]y and move
forward (Fliesler, 2003). Catsperm, like nifedipine, belongs to the large fammly of

proteins that serves as an ion channel in various parts of the body. Its advantage
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compared to nifedipine is that it appears to be in the sperm tail (Quill et al, 20.(31)
and not the heart or countless other places i the body. "

Building/penetrating enzymes: Hoels and colleagues .(2005) have achieved 92II%
contraceptive success rate in rats by feeding them a substance similar to the suga%j'y
coating of the female egg. More than one substance (ﬁ’ these enzymes has beé_n
identified which binds to sperm while still in the epididymis. Once sperm binds Witi]'l
the enzyme, they can no longer bind with the egg. Researchers are still designing a
potent enzyme inhibitor that is safe. When studying orally; administered compoundsi'!
there is the need to prepare for a large percentage of leads to eventually demonstrate:
their toxicity. However, in an ideal world, a promjsin\g compound is pursued :‘i
aggressively despite this and an alternative delivery system such as traditional
patches is investigated to avoid metabolism by the liver and to allow a reduction of
dose below the toxic level (Lissner, 2006). This attention is needed to assess the :

i
medicinal value of herbal remedies for safety, efficacy and economy (Mahabir and
Gulliford, 1997).

STATEMENT OF THE PROBLEM '

1
]

What is the future of male contraception? Presently new targets relating to i‘
spermatogenesis, differentiation, maturation, motility, capacitation, and binding '
(with no immunological approaches featured) are on the inc;ease. Thus there are
more targets than current research funds can explore. Alth01;gh the road to male
contraception appears to be long and winding, with resemcherﬁ and the public alike '
often frustrated by lack of progress and inflated promises, the advent of Carica 1"

papaya contrasts the current state-of-play with the situation befére the advent of the
oral contraceptive pill for women, when there was much more of a need and an

urgency to develop an effective and reliable way to prevent unwanted pregnancy.
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With male contraception research driven more by intellect and less by emotior%, abit
more emotion and a few prominent proponents \.vould hasten progress injl male
contraception and complete this chapter of gender equality. '.
JUSTIFICATION FOR THE STUDY '.
Why new male contraceptives? . .

Methods that are available for male contraception namely, coitus interrui;tus,
condoms and vasectomy have been used since the 19t:h century. With the exception
of a few improvements of these methods, no major progress has been made with
respect to introducing new male contraceptive since tﬁen. It is extremely mgeng to
develop new, safe, effective and reversible male contraceptive methods (Pasqualc;,no
et al., 2003), |

Although women have traditionally shoulde%red the responsibility of
contraception, up to the third of couples worldwide employ a male form g:;f
contraception (e.g. condoms or vasectomy). Some \.ivomen are unable to use
hormonal contraception, vasectomy is best considered irreversible and long—terr;}
use of condoms is associated with a relatively high pregnancy failure rate. Thus z;.l
need exists for a safe, effective, reversible, wel]-toleréted, non-hormonal ma]e:],
contraceptive agent. There is a need for an effective and reversible form of ma]e.-
contraceptive, both for maintaining a stable population in industrial countries and for :
diminishing population growth in developing countries (Wéber and Dohle, 2003). It l.
has been agreed upon that contraception is an essential coﬁlponent of reproductive ‘
health for men and women (Waites, 2003). |

Men are ready for them

The development of new, effective methods of male |§ontracepﬁon has been

identified as a high priority by the WHO task force as methods of regulation of male
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fertility. Stereotypes about men are the most common source of skepticism ab}put the
feasibility of new male contraceptives. Many people believe that men a;'e too
irresponsible or untrustworthy to participate in family planning. Others believe that
men won't use 2 method of contraception that requires trips to the doctl'Qr or
uncomfortable injections. However, numerous studiesl*‘, show that these beliefs al'fe not
in fact grounded (WHO, 1993; Schulman, 2000). ‘

Men already participate in family planning

The concept of male hormonal contraceptives 'is decades old. However, {mtil
very recently, little effort has been spent trying t(lq develop this new fom; of
contraceptive for the market. Despite the drawbacks o:f the currently available n]}ale
contraceptive methods, men around the world are all;eady active and responsiple
family planning participants. The disadvantages of the two most common m;lale
contraceptive methods are not trivial: vasectomies are not readily reversible, and
condoms have a high typical use féilure rate. D&spité this, one in three marril(_ad
couples in Australia and New Zealand rely on vasectdmy for their oontraceptioﬁ,
one in six in the Unjted States, and one in twenty worldwide (Ringheim, 1996).
Condoms account for an additional 13% of contraceptive‘use in developed countries
(UN, 2003). Studies show that men want access to better contraceptives. Thi"s
reflects the willingness of male partners to share the responsibility of contraception_i»
In a recent study of British men, 80% placed a hypothetica! male pill as one of theirt
top three contraceptive choices (Brooks, 1998). Another sﬁ@ found that over 60%

of men in Germany, Spain, Brazil and Mexico were willing to use a new method of"'

male contraception (Heinemann ef al,, 2005). The idea that men cannot handle the |

responsibility of contraception is akin to saying men can not raise children — it is

based on a variety of negative male stereotypes, which are contradicted by the .i

10
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available evidence and would be hotly contested by millions of responsible men and :
their partners. | ; |

Men will inconvenience themselves to get new contraceptives .

The idea that men would not be willing to use pills, get injections, or
undergo medical procedure for contraception is contradicted by all available
evidence. Again, men already undergo medical procedures for vasectomy, and the
contraceptive preference study results reported above show their enthusiasm for a
hormonal contraceptive. The experiences of researchers prove that men will go ouit
of their way to get access to new male contraceptives. Researchers are sometimes
flooded with volunteers and men wanting more information. At the conclusion of a
WHO hormonal method trial, 85% of the volunteers would have preferred to
continue rather than returning to their previous contraceptive methods (Ringheim,
1995). This is despite the experimental nature of the contraceptive and weekl&
injections! When presented with safe and reliable contraception, it is unlikely that
men will reject the method because it involves a drug or ‘a medical procedure. As is
true of female contraceptives, different methods of male contraception will be
accepted by different cultures (Heinemann ef al., 2005).‘; It is unlikely that a single
male contraceptive would be acceptable to all the world’s men; yet no female
contraceptive is right for all women, and this certainly has not been a deterrent to tlfle
development of female contraceptive. Most women try many different
contraceptives over the course of their reproductive years. Sometimes this is because
their needs change, or the type of relationship they are in changes; ofien it is due to
dissatisfaction with their current method. There is still no completely saIisfactolry
long-term female contraceptive. If new methods of‘ male contraception were

available, many women would encourage their panneré to try those (Martin er al,,

11
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2000). Contrary to popular stereotypes, women would trust their partners fo use
male contraceptives. Women already trust their partners to use condoms ar}d get
vasectomnised.

‘Women are dissatisfied with their current éhoices

Satisfaction with current female contraceptive methods is dismal. Sur\lreyed
satisfaction rates are less than 60% for every methoci_ except tubal ligation, anéi the
average woman has tried 3 or 4 different types of c@ntraception (Rosenfeld ef al.,
1993). This is because to be acceptable in the long run, a contraceptive method rﬁust
be reliable, safe and reversible. Although there are many choices on the market:
condoms, the pill, injections, implants, diaphragms, Intra Uterine Devices (IUDsj},
jellies, foams, sponges, tubal ligation, vasectomy, and §_o on; every one of them f‘alls
short on one or more of these criteria. Many contraceptives are simply not reliaTbIe
enough for long-term use. For instance, condoms have:' a typical use failure 'rate._‘ of
13%, or one in eight. Sponges, caps, diaphragms, and spermicides are even mcére
likely to fail BWHBC, 2005). Of the methods that are over 99% reliable (the pill,
tubal ligation and IUDs) most have significant effec.ts on the woman’s health.
Almost all women who stop hormonal contraception cife unacceptable side eﬂ’eclts
as a reason for quitting; nausea, headaches, weight gain; depression, loss of libidc:>,
or menstrual problems. Getting one's tubes tied is not Iil'eadily reversible. Moderltll
{UDs are safe and effective, but suffer from the stigma dssociated with the DaIkofll
Shield scandal, which is a contraceptive intrauterine device that was introduced to
the market by the Dalkon cooperation in 1971, causing severe harm to over 235,000
women and this led to numerous law suits in which juries awarded millions ofl
dollars in compensatory and punitive damages (Hawkins, 1997). Many of thel,

experimental male contraceptives described on this site have the potential to satisfy
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these three criteria better than anything currently ;)n:the market. Further research
would be extremely valuable to the many couples tﬁat do not wish to have chij]dren,
but do not want to give up their health and future fertility. |

Women trust their partners to use male contraceptives

In a survey of 450 Scottish women, 94% said “a male hormonal
contraceptive would be a good ‘idea’ (Martin ef al, 1997). A later studif that
included Cape Town, Shanghai and Hong Kong showed that only 2% of the wl‘.omen
surveyed would not trust their partners to use a male pill (Glasier et a/,, 2000). In
one study of Australian couples, women’s positive attitudes toward a potential, male
pill made their partners much more likely to report ?nter&st in trying it (Westion et
al., 2002). There is simply no evidence that women in committed relation?mps
would not trust their partners to use a new male contraceptive.

New male contraceptives could be better than any existing methods |

Some people are skeptical that effective male éontraception is possible. Jl'hey
ask, “If these methods are so great, why don’t we hear more about them?” Man?y of
these methods have little profit potential and are not being pursued or publicized by
pharmaceutical coﬁlpanies, but the present study aims to spread the word. A number
of investigators suggest that some experimental male:cdntraceptives promise 10 be
safer, more effective, more convenient, and easier to reverse than any existjng
female methods. Heat-based methods could offer low t;ech, easily implemented, tser
controlled contraception. Reversible Inhibition of Sperm Under Guidance (RISI?G)
is effective immediately after an out-patient injection: procedure, shows very few
side effects, is effective for up to 10 years, and could;a]so be reversed through an
out-patient procedure. Zavesca (Muglustat) could be a true “male pill” with no eﬂ‘lgct

|
on libido or secondary sex characteristics. This represents a promising approach to
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male hormonal contraception. We need more studies on {311 of these experimental
male methods. Further research and development is the onlyfr way to find out whether
these methods are genuinely as attractive as they now appear (Guba et al., 1993).

Male contraceptives are not more difficult to develop

There is a common misconception that male reproductive function is much
more difﬁcuit to manipulate because it is more complex than in the female for
example, “Women producé only one egg a month, but men make millions of sperm
in a day..” However, the National Institutes of Child Health and Human
Development, NIH’s contraceptive research branch, believes that the lack of
progress in developing affordable, safe, effective, and reversible male contraceptives
is not due to the biological complexity involved in suppressing spermatogenesis [the
production of sperm}, but rather to the social and economic/commercial constraints.
Making these new contraceptives widely available on the market will require
collaborative efforts that bring together the full spectrum of biological,
epidemiological, and biobehavioral research and their political interfaces with the
public. In the end, all of these factors must be addressed to help resolve sociocultural
impediments to using these techniques as well as fears of litigation should they
choose to market these novel products (NICHD, 2000). Researchers are also
impeded by our relatively incomplete understanding of the male reproductive
system. The basic science of the male reproductive system is at least 50 years behind
the study of women’s reproductive systems, though this does not mean that male
contraceptives will be more difficult to develop because there are already several in
the development pipeline (Waites, 2003; Lye et al., 2004; Hoesl, 2005; Amory and
Bremner, 2006; Wu, 2006). It does mean it is time to take concerted social, political

and scientific action
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JUSTIFICATION FOR USE OF CARICA PAPAYA

Tropical forest plant species have served as a sou}ce of medicines for peopie
of the tropics for millennia Many medical practitioners with training in
pharmacology and/or pharmacognosy are well aware "of the number of modern
therapeutic agents that have been derived from tropical forest species. In fact, over
120 pharmaceutical products currently in use are plant-derived, and about 75% of
these were discovered by examining the use of these plants in traditional medicme
(Famnsworth et al., 1975). Yet while many modern medicines are plant-derived, the
origins of these pharmaceutical agents and their refationship to the knowledge of the
indigenous people in the tropical forests are usually omitted. There is a surge in the
mterest in drugs and dietary supplements derived frm!n plants in recent years;
Ethnopharmacologists, botanists, microbiologists, and nal:ura]-products chemists are
combing the earth for phytochemicals and “leads™ whic!h could be developed for:
treatment of fertility, Traditional healers have long ' used plants to prevent
contraception, Western medicine is trying to duplicate their successes. Plants are
rich in a wide variety of secondary metabolites, such as tannins, terpenoids,
alkaloids, and flavonoids, which have been used in menstrual and pregnancy
disorders (Kumar et al., 2006). In the early 1970', there was a strong interest in
looking at plants as sources of new pharmaceutical agents. In fact, many moderni_
pharmaceutical companies can trace their origins to products originating from
plants. However, advances in molecular biology, genetic engineering, and'

computational chemistry in the late 1970's and 1980's and, even more recently,

advances in combinatorial chemistry (Bierer ef al., 1996) created much promise
‘ I

within the pharmaceutical industry, without the need to explore nature's chemical

diversity.
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Some plant-derived products have been identified and have been used to
regulate fertility for centuries. In spite of numerous studies, no plant with confirmed
contraceptive efficacy but minimal toxicity has emerge(li. I(Sharma et al, 2001). A
promising oral contréceptive would be effective at a dose that is below toxic level.
Examples of plants (herbs) reported to possess anti-fertility properties are date patm,
oil palm, wheat and Carica papaya (Farnsworth and Waller, 1982). Carica papajiza
is different because it has been documented to imprové: a wide range of variety bf
health conditions (Farnsworth er al, 1975). Extracts from the roots, bark, leaves,
fruits and seeds of some certain plants has shown antifertility effect m experimental
animals e.g. Carica papaya, Trypterigium wilfordi, Quasia amara, Hibiscus rosa —
sinensis, Achillea millefolium.

Carica papaya has been widely used through out history for its medicinal
value to human for different conditions except as a male contraceptive (Comell
University, 2001). Different authors have reported the use of its fruit, seed, leaf aﬁd
root as a principle in a number of biological condition§ (Emeruwa, 1982, Osato ef
al, 1993). However, there is a dearth in the literature concemning the bark of the
plant. Traditional healers in Nigeria believed that the bark could be used as a source
of an antifertility agent. Papaya seeds have traditionally been used in some comtr{es
to prevent conception. One early study suggested that the chloroform extract of the
seeds of unripe papaya have deleterious effects onl the male sperm, but the
contraceptive effect is reversible upon stopping the treatment (Lohiya et al., 1999).
Antifertility property has been a subject of significant evaluation using anin‘ial
models in India where there is interest in developing a safe and effective oral male
contraceptive. Since the inception of this research, fwo recent studies reported

complete loss of fertility in male rabbits, rats and monkeys fed on the seed extract
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(Pathak ef al, 2000; Lohya et al., 2002). Resulis are however not promising for its
use as a novel, safe antifertility agent suggesting that the seed may adversely affect
fertility in males, despite the fact that different authors have reported the use of the
fruit, seed, leaf and root of the plant as a treatment in a number of biological

conditions (Emeruwa, 1982, Osaio ef al, 1993).

RATIONALE (SIGNIFICANCE) FOR THE STUDY

Our understanding of the molecular functioning of the male reproductive
tract: is many years behind that of females. 'Ihére are a number of resémchers
working to describe the various chemical pathways required for spennatog_m&sis.
Many years from now, the foundation of basic science that researchers are building
could reveal new routes for male contraceptives. It is my belief that men can, and
should, have access to contraceptive options beyond condoms and vasectomy.
Researchers around the world are working toward male contraceptives thét are
potentially safer, more effective and more convenient than any contraceptive on the
market today. Times have changed: despite persistent miyths, sociological surveys
show that men are ready for new contraceptive optipns. Reliable, reversible {nale
contraception would allow both men and women to participate fully in family
planning. Some policymakers and pharmaceutical companies are skeptical about'the
public's interest in new male contraceptive products, and much of the research is
underfunded. This situation can change if the present study is made public and
individuals are challenged to call their representatives m the National Assembly to
prioritize funding for male contraceptives. The overall mission of this thesis is Ito
publicize and speed male contraceptive research in Nigeria |

Male contraception is on progress down a “long winding” roac?.

Developments in male contraception are almost guaranteed to generate news
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coverage — not just because “sex cells” but also because it is a novel issue with
potential relevance to all men and women of reproductive age. When a new male
contraceptive product is launched, it is likely to prompt levels of public 'interest
approaching those that followed the launch of Viagra. The most recent development,
came at the end of last year, when Science published a2 paper on a study of
immunocontraception in male Bonnet monkeys. O’Rand and colleagues (2004)
reported that seven out of nine monkeys immunized with eppin, a testis/epididymis-
specific protein, developed high anti-eppin antibody levels and be;came infertile.
Five of these seven regained their fertility when irmnunizatbn was stopped.
Publication of the proof-of-principle findings prompted much news coverage
worldwide, with headlines such as: |

*  “Reversible male contraception may work™ (webmd.com). |

*  “Male contraceptive bfeakthrough?” {cbsnews.com). |
*  “Vaccine cripples sperm in monkeys™ (nature.com).

*  “Immune system ‘stops conception™ (bbc.co.uk). ,

+  “Vaccine makes war on sperm-making protein” (nzherald.co.nz).

«  “Sperm vaccine may be a viable contraceptive” (iol. co.za).

Earlier in 2005, a paper was re-visitedf_és part of an overview of male
contraception research, published as a commenf article in the Lancer (2005). The
authors, Eberhard Nieschlag and Alexander Henke from the Institute of
Reproductive Medicine in Miinster, Gemlany, suggested that although effective at
first glance, the study by O’Rand efal, (2004) highlights several of the

shortcomings and problems that immunological approaches to contraception harbor.
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They ﬁomted out that immunocontraception has unpredictable efficacy, depéndent
on the level of induction of antibodies, and highly unpredictable side effects.
Immunization against a body constituent such as eppin could lead to local reactions,
and to the formation of immune compliexes and auto-immune disease. Targeting
eppin, or other antigens from the male reproduaivé tract, could lead to immune
orchitis and epididymitis, and cause irreversible infertility. It is significant that only
five of the seven monkeys in the study by O’Rand et al., (2004) regained fertility in
the study period. Since reversibility is a prerequisite for any pharmacological male
method that would otherwise have advantage over vasectomy, the authors argged
that hormonal approaches remain the way forward for male contraception research,

and are most likely to result in marketable products. Presently suppression of

luteinising and follicle-stimulating hormones, and replacement of testosterone, is the

principle of hormonal male contraception. The success rate is even better when
gestagens or gonadotropin-releasing hormone antagonists are added to testosterone.
Pharmaceutical companies are already running trials, and regulatory agencies are
discussing requirements for licensing a male contraceptive that is been developed.
There is therefore the need to speed up progress in the development of a new male

contraceptive agent that is safe , cheap and easily acc&ssiblé to everyone,
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AIM OF STUDY

The overall aim of this study is to search for an effective, cheap, reversible,
accessible and non-toxic male contraceptive agent of plant origin .

OBJECTIVES OF THE STUDY

The objectives of this study are to: ‘

1) Assess the effect of the bark extract on the histology of the male
reproductive organs; 1.e. testes, prostate gland, jseminal vesicle, and
epididymis.

2) Determine the effects of the extract on peripheral serum testosterone levels.

3) Deterrrﬁne reversibility effect of the bark extract on the testes.

4) Determine phytochemical component of the extract. -

S) Test for fertility in the male rats fed with Carica papaya bark extract.

6) Quantify the effect of the bark extract on the histology of the male

reprodiictive organs using unbiased stereological prOtJ)&G.
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DEFINITIONS
Cytoarchitecture: Organization of cells in the structure of an organ.
Stereology: The science of measurement of structure.

Antioxidant: Substances that prevent the oxidative damage caused by free radicals.

i
]

Necrosis:  Cell dea_th.
Vacuolation: Formation of spaces within the cells of a tissue.

Spermicidal: Ability to kill spermatozoa.

Fibrosis: The formation of fibrous tissue.

Edema: The accumulation of excessive fluid in cells, tissue or serous cavity.
LD50: The lethal dose that can kill 50% of the test animals.

Hyperplasia: An increase in the number of cells. I

Paracrine: A type of hormone function in which the target cell is close to the signal

releasing cell.

Leydig cells: The group of cells located in between seminiferous tubules,

synthesizing and secreting testosterone.

Sertoli cells: A group of non-proliferating elongated cells located within the
seminiferous tubule, in between the germinal epitheliunfl

A cycloid is a sine weighted curve that is used in some stereological probes in
vertically sectioned material. Normally the curve is described by its parametric
equations, which are: x = a (t-sin 1), y = a (1-cos t). The easiest way to think of a
cycloid is to imagine the path taken by a point on a circle rolling on a straight line.

The value ‘a’ in the equations is a scale factor. The maximum height, the y value, is
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2a. The length of the curve from the low point to the high point is 8a. The horizontal
distance from the low point to the high point is 2pi a The cycloid is important 1n
stereology because of a property sometimes referred to as the sin-weighted or cos-
weighted property of the curve. The sine of the co-latitude is proportional to the
length of the curve paraliel to the co-latitude angle.

Numbered weighed mean volume (Arithmetic mean volume): Generally known
as the mean volume, unambiguously stating that the mean is weighted by the
number of particles rather than the volume of the particles (volume weighted mean).

Volume-weighted mean volumes: The mean object volume if the objects are
weighted (sampled) proportional to their volume. \

Second order stereology: Methods that deal with the distribuﬁon of objects.

Star volume: The star volume is that portion of space that can be seen from a
particular position. For example, suppose that you are in a cave. The volume that
can be illuminated by a flashlight 1s the star volume. The star“volume is often used
in interconnected spaces as a measure of volume. .

Surface: stereology uses surface to indicate a 3-dimensional surface. Area refers to
a 2-dimensional surface. For example, a cross section has areé, but an organ has
surface. The two are often confused. The orginal organ has surface, but once cut
into slices, sections, or slabs, the profiles have area. The area is not the same as the

surface.
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LITERATURE REVIEW - THE PLANT

Carica papaya plant is commonly called pawpaw, in the English language.
In Nigeria, it is called 7bepe amongst the Yoruba speaking populace; Popo among
the Igbos and Gwanda among the Hausas. Though the pIént is tropical American in
origin, it is now widely spread throughout tropical Africa ;It is extensively grown for
its fruits and is widely cultivated through out the wolﬂd. It is used as a food
supplement and as traditional medicine, particularly as an antiseptic (Mehdipour efl
al., 2006). The plant can be dioecius or hermaphroditic, but rarely monoecius. It
requires a tropical climate with high rainfall and temperature for proper fruit
maturation. The trees with male flower do not render fruits "(Purseglou, 1968; Janick,
1988). It is a small perennial herbaceous plant of the Caricaeae family with copious
milky latex and could reach to a height of 10 meters. The ;tem is about 25 - 35 ¢m
thick, simple or unbranched to the middle and roughened with leaf scars. The fruits '
and leaves grow from the trunk and the leaves are clustere& around the apex of the
stem and branches. The leaves have nearly cylindrical stalks, are large (25 - 100 cm |
long) with blades deeply cut into 7 - 11 main lobes ending in sharp points and
regularly waved. The leaf surface is yellow-green to dark .green above and péler
beneath. Usually male and female flowers are bome on separate plants but
hermaphrodite flowers ofien occur, and a male plant may convert to a female after
being beheaded. Flowers emerge singly or in clusters ﬁ'om.:the main stem among
the lower leaves. The fruit is extremely variable in form and size. It may be nearly
rounded, pear shaped, oval or oblong. While those of the wild may be as small as an
egg, the fruit of that in cultivation ranges from 10 cm to 60 cm in length and up to
20 ¢m thick with a smooth relatively thin skin with a deep yellow to orange tinged

ripe fruit (Ross, 2003).
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Caricc; papaya belongs to a group of plants called lacticiferous plants. They
contain specialized cells (lacticifiers) that secrete latéx, a mixture of chemical
compounds that 1s involved in defense of the plant agajn:s.t a wide range of pests and
herbivores (Elmoussaoni ef al., 2001). The latex of thg plant is rich in enzymes
called cystein proteinases (80%), used for protein diges;_tion function in food and
pharmaceutical industries. This enzyme is found in the un.r.ip(‘; (fully grown) fruit but
not in the ripe fruit (Villegas, 1997). The cystein proteinases include: papain,
chymopapain, caricain and glycylendopeptidase, and other enzymes:
(glycosylhydrolases, cystases and lipases). They are involved in a variety of cellular
processes including cartilage degradation in arthritis, the pré)gression of Alzhéimer’s
disease and cancer invasion. Together these enzymes :; provide an important
contribution to plant defense mechanism by sanitizing and .Isealing wound areas on
the tree (Elmoussaoni ef al, 2001). The fruit of the pawpaw tree that does not

contain papain is rich in Vitamins A and C.

ACTIVE CONSTITUENTS
1. Papain: from the latex of the milky sap of the unripe fruit of Carica papaya

i1s 8 complex proteolytic enzyme resistant to heaﬁng:;. Papain also has an
anticoagulant effect in the rabbit, rat and mice (Chandr;'asekhar et al, 1961).
It eliminates necrotic tissues on chronic wounds, burns and ulcers (Starley er
al., 1999). Crude papain is of considerable commercial ilinportanoe. It 1s used
in the brewing industries in chill-proofing beer and in tllnie beverage industry
as meat tenderizer and manufacturing of chewing ginn and drués. Its
application in the textile industries includes shrinkage If_esistance and it is
used in the rubber industry to season latex (Oliver, 1966). In the cosmetic

industry it is used for making soaps and shampoos (Villegas, 1997). Papain
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hydrolyses propain and liberates amino acids. Its mode of action is similar to
pepsin and trypsin. Both enzymes are conta.ineclt in gastric and pancreatic
juices (Chen et al, 1981). Papain is proteolyti'g hence it is inciuded in
prescription combination of digestive enzymes to rgplace what individuals
with cystic fibrosis of pancreas condition cannot pl,roduce naturally. Because
it improves digestion, it has also been used orally to treat less serious
digestive disorders such as bloating and chronic inidigestion. Since parasitic
organisms are largely proteins, papain has some tirlnos been taken internally
to eliminate worms but this use is rare today (Drug ii)igast, 2000), Chemicals
in papain may increase immune system function and they may also promote
the release of natural chémica]s that attack tumor cells, and may lessen
inflammation as well. Tropically, papain has been 'l.:lsed for skin conditions
such as psoriasis. Its ability to break down protein lS used to remove dead
tissues from burns and help skin injuries heal, riemove warts and treat
ringworms. Cold sores caused by Herpes zoster v1rus have been treated
successfully with oral and tropical papain containing f)roducts and traditional

healers believe it has anti-implantation activity, early abortificient, oxytocic

and antiovulatory effect in females (Schmidt, 1995).

. Chymopapain is an ingredient in several pharmaceutical preparations. It is

used in orthopedic surgery to dissolve the nucleus of the intervertebral disc
in conditions of slipped disc (Walreaverns er al, 1993:). The purification of
this enzyme :is difficult from the unripe fruit of Cdrica papaya. It is a
polypeptide which has considerable structural simjlalljty with papain and
papaya proteonase omega (Watson, 1997). The mtir?ﬁcrobia] activity of

papain and chymopapain in the unripe fruit is used to eliminate necrotic

1
i
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wounds, preventing burm wound infection and providing a granulating
wound suitable for the application of a split thickness skin grafl
{Chandrasekhar et al., 1961, Hewitt et al., 2000). |
Carica papaya is a good source of calcium, vitarﬁins A and C (Nakasone &
Paull, 1988). Vitamins A and C content of one rﬁedium papaya approaches
or exceeds USDA minimum daily requirement for Adult (OECD, 2003).
Leaves and fruits produce several protein and %ﬂka]oids with important
pharmaceutical and individual application. Juice is used for curing wart,
cancer, tumor and skin diseases. Leaves are used ‘for nervous pain, and to
relieve asthmatic attack. (Reed, 1976)
3. Carpz';in is an atkaloid found in the latex of the planf. It slows down the heart
and reduces blood pressure. Higher doses can p'roduce vasoconstriction
which can cause paralyses, numbing of nerve center§ and cardiac depression.
1t also has an antihelmintic and amoebocidal actions. (Burdick, 1971)
The use of Carica papaya leaf, fruit or root extract in traditiona] medicine suggests
it may have potential benefit on the health of humans. For e‘jxa.mple, a compound in
crushed papaya called benzylisothiocynate has been show;) to have an effect on
vascular contraction using a carotid artery invitro model (Wilson ef al., 2002). Other
studies have suggested possible purgative effect of root extract {Akah er al., 1997)
and "antihypertensive activity of the fruit extract (Eno er al, 2000). Scanty
information show that chloroform extract of Carica papaya seed continues to
receive research attention in India and China (Kamal er al., 2063; Madhiuli, 2003).
NON-MEDICINAL USES

The ripe fruit of Carica papaya is palatable and is.‘ sometimes used for

making sauces, sofi drinks, jams, ice creams and flavorings. The seed is used in
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some countries as vermifuge and counter irritants. The juicf: or an infusion of the

leaf and fruit tenderizes the toughest meat (Vickery and Vickery, 1979).

MEDICINAL USES |

Carica papaya now considered a medicine plant ha%s been found to have
medicinal effects on the body. These effects include, anti-bact;erial, anti-fungal, anti-
helmintic, anti-hemolytic, anti-oxidant, amoebicidal, anti-fertility, anti-hypertensive,
anti-inflammatory, anti-malaria, anti-sickling and diuretic ;(Rj:gaud et al, 1956;
Emeruwa, 1982). The seed, stem, leaves, fruits and bark of thtla plant have been used
to achieve these various effects. i
Anti-bacterial: The seed and the fruits of the plant possess aénti-microbial activity.
Purified extract of the ripe and the unripe Carica papaya ﬁt and seeds produces
very significant antibacterial activity on Staphylococcus aureus, Bacillus cercus and

Estechenrichia coli, Pseudomonia aeruginosa and Shigeéﬂa flexeneri. These

bactericidal substances show the properties of a protein (El—tayeb et al, 1974;

1
A

Emeruwa, 1982).
Anti-fungal: Latex sap of the plant of Carica papaya inlén'bits the growth of
Candida albicans. The fungi-static effect results from cell wali degeneration due to
lack of the polysaccharide constituent in the outermost layer of the fungal cell wall
and the release of cell debris into the culture medium (Giordani ef al., 1996). Latex

protein appears to be responsible for the anti-fungal effect. Enzymes present in the

latex include alfa-D-mannisidase and N-acetyl beta-D-glucosaminidase (Giordani et
al, 1991).
Anti-helmintic effect: Carica papaya leaves have been usedll in the treatment of

intestinal parasites especially tapeworm (Genis teania) due to its vermifuge

properties {Osato ef al., 1993, Satrija ef al, 1994, 1995). A pasté of leaves of Carica
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papaya with opium and common salt applied over a period _(I)f three days relieve
symptoms of worms in the body (Sanghvi, 1989). '

Anti-haemolytic: The bark of Carica papaya plant possess’ afnti-haemolytic effect.
Its anti-haemolytic factor is xylitol. It has been found very ‘useful in glucose G-
phosphate dehydrogenase deficiency subjects (Pousset, 1979; I;’ousset etal., 1981).
Amoebocidal: The unripe fruit of Carica papaya plant fleaten as a vegetable
ameliorates different symptoms of amoebic disease. The 5 active constituent is
believed to be carpaine alkaloid (Burdick, 1971; Tona et al,, 1998).
Anti-inflammatory: The latex of the unripe of fruit of 'C’arim papava has a
protective effect on exogenous gastric ulcer by lessening thejlacid secretion induced
by histamine. Crystalline papain is the active principle that_: exerts ulcer protective
effect by decreasing histamine induced acid secretion (Chen élt al., 1981).
Anti-oxidative: Fermented Carica papaya has an anti-oxida‘l;lt action. This property
has a scavenging activity on free radicals. Thus i may se-,rvfeI as a prophylactic food
against the age related and neurological diseases associated wnh free radicals (Imao
et al., 1998).

Anti-hypertensive: The fruit juice of Carica papaya contams anti-hypertensive
agents, which exhibit mainly alpha-adrenoreceptor actiylrity. It 1s used in the
treatment of high blood pressure (Eno et al., 2000). I

Anti-malania: Dried leaves of Carica papaya have been :'used in the treatment of

jaundice and malaria (Akinniyi et al., 1986). !
Anti-sickling: The unripe fruit contain anti-sickling agenti;;s used in the treatment of
anemia and sickle cell disease (Thomas and Ajani, 1978). .:

Diuretic: Root extract of Carica papaya plant given ofaﬂy exhibited a diuretic
effect used in treating dysuria (Sripanidkulchai et al., 2001;).
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Other uses of the Carica papaya plant are |
1) As an ancillary therapy for athletic injuries (Holt, 19I'69')
2) In head and neck surgery (Lund and Royer, 1969). |
3) Resolution of edema and ecchymosis {Vallis and Lun"fi, 1969).
4) Prevention of the formation of peritoneal adhesions (@m etal., 1972).
5) To increase iron absorption from food intake (Ballot efl al., 1987),
6) To dissolve the nucleus of the intervertebral disc 1n the case of slipped disc
(Walreavens ef af., 1993), I
PHYTOCHEMICAL PROPERTIES

Plants are rich in a wide variety of secondary 'meltlabolites such as tannins,
terpenoids, alkaloids and flavonoids. These substances havc% antimicrobial properties
in-vitro. The structure and antimicrobial property d&serve;‘;l attention because their
use by the public is increasing rapidly. Clinicians need to wl'psider the consequences
of patient’s self-medication with these preparations (Murph;'f-Cowan, 1999). Plants
have an almost limitless ability to synthesize aromatic substalhces most of which are
phenols or their oxygen-substituted derivatives (Geissmi_an, 1963). Most are
secondary metabolites of which at Ieast 12,000 have been isé?lated. In many cases
these substances serve as plant defense mechanism afgainst predation by
microorganism, insects and herbivores. Some like terpenoids éive plants their odor
while others like quinines and tannins are responsible for ;":plant pigmentation.
Phytochemical analysis determines the biologically active non-ltjutritive compounds
that contribute to the flavor, color and other characteristics bf plant parts e.g.
flavonoids, alkaloids, tannins, glycosides, saponins and anﬂlraquirlioﬂes.
Flavonoids: are synthesized by plants in response to microbial ii?fection. They are

effective antimicrobial substances in-vitro against a wide array df organisms. This
a
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activity resides in the ability to complex with extracellular and soluble proteins and
to complex with bacterial cell wall (Dixon ef al,, 1983).

Tanins: are found in almost every plant; bark, wood, fn%its, leaves and roots. They
inhibit insect growth and destroy digestive enzymes in ruminal mammals and are
toxic to filamentous fungi yeast and bacteria (Jones ef al., I‘Il 994),

Quinones: are colored compounds that are responsible foir the browning reaction in
the injured fruit and vegetable and are intermediate in the melanin synthesis pathway
in human skin (Schmidt, 1988). Also they have antimicr;ob'ial effect because they
complex irreversibly with neucleophilic amino acids in prolt.eins (Stern et al., 1996).
Saponin: inhibit sodium ion influx by the blockage of the entrance of it out of the
cell. This leads to an increase in the sodium ion within the cell, producing elevated
systolic calcium ion,‘ which strengthens the contraction of tile heart muscles thereby
reducing congestive heart failure (Schneider and Wolfing, 2005).

Alkaloids: are found to have microbiocidal effect thatl‘_is useful against HIV
infection and intestinal infection associated with HIV (McMahon et al., 1995). The
anti-diarrheal effect is due to its transit time in the small inlgmtine. The mechanism
of action is attributed to their ﬁbi]ity to intercalate with' DNA (Phillipson and
O’Neill, 1987). I‘I

Tapenoids: give plants their odor. They are active against ﬁmteda (Amaral et al.,
1998), fungi (Ayarfor et al, 1994), viruses (Fujioka and i(ashiwada, 1994) and
protozoa (Ghoshal er al., 1996). Sixty percent (60%) are inﬂibitory to fungi while
Thirty percent (30%) are inhibitory to bacteria (Jones et al, 1994). The mechanism
of action involves membrane disruption. It is also use'ﬁxl commercially in

disinfecting lettuce leaves (Wan et al., 1998). :
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MALE REPRODUCTIVE SYSTEM

Male reproductive organs form spermatozoa, suspend them. in secretions
produced by accessory glands, and conduct them, via seminal pathways, to the
female reproductive tract by mating behavior. These activities are influenced by
hormones, including ones formed by the testis
TESTIS
General morphology
1 Very dense CT capsule - funica albuginea, with an outer mesothelium-covered
visceral tunica vaginalis propria. |
2 Septa / septula extend from the capsule to the CT mediastinum.
3 In the partitions thus formed (lobuli testis), lie looped, coiled seminiferous tubules,
lined by germinal epithelium, and feeding via straight
4 tubuli recti into cuboidal epithelium-lined ducts of the
5 rete testis, which lead through the mediastinum to roughly 6-12
6 ducruli efferentes. These take the spermatozoa to a
7 single, coiled, tubular epididymis lying behind the testis.
8 Between, and outside, the coils of a seminiferous tubule lie blood and lymph
capillaries, cells -and fibres of CT, and hormone-secreting Leydig interstitial cells.
9 The testis 1s a mixed endocrine and compound, tubular, cytogenic exocrine gland.
Seminiferous tubule and spermatogenesis
The bulk of the testicular tissue is the seminiferous tubules which are present in
astonishing quantity embedded in relatively sparse .intefstitial tissue. Sperm cells are
produced by the tubules, while hormones are produced by endocrine cells (Leydig

cells) within the interstitium.
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Unlike the tubules in a typical exocrine gland, each seminiferous tubule forms a
tightly coiled loop, nearly a meter in length, which opens at both ends into the rete
testis. A human testis may have 800-1600 tubules, with an aggregated length of
about 600 meters: that's a shade over 1950 feet, which is a good deal longer than the
Empire State Building is high. The figure is much higher for lé.rge animals like boars
and bulls. Obviously this is a system designed for massive production of sperm on a
constant basis.

I The tubule has a substantial suppdrt of the basal lamina, plus two or more
alternating layers of collagen fibres and muscle-like (myoid cells), with adherent
external lamina

2 The stratified germinal epithelium has cells of two kinds:

(a) spermatogenic cells, quiescent or in the various phases of development;

(b) Sertoli supporting cells; well attached, tall with an irregular columnar form, and
a pale ovoid nucleus with a prominent nucleolus; takihg up testosterone; and
controlling spermatogenesis. |

3 Spermatogenesis in the epithelium is initiated by the pit.uitary hormone FSH, and
passes through these stages:

(a) spermatogonium, spheroid cell lying basally, divides mitotically for several
generations, then become a

(b) primary spermatocyte, larger, divides by the first meiotic division (to halve the
chromosome number to haploid 23 and introduce genetic:variety), to produce

(c) secondary spermatocytes, small, soon undergoing tfie second meiotic division,
maintaining the chromosome number at 23, to give |

(d) spermatids, smaller and incompletely separate¢ which, without dividing,

metamorphose by the process - spermiogenesis - into
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(e) spermatozoa, released into the tubule's lumen.

The stages are not all seen at any one place in the germinal epithelium; various
combinations exist and are distributed as a mosaic in the tubule's wall.

4 Spermatogenesis is vaulnerable to heat, X-rays, dietary deficiencies, pesticides, and
other poisons. Conventional microscopy reveals defects in si)er'm shape and motility,
leading to infertility.

Spermatogenesis is protected to a degree by the tight attachments between the
capillary endothelial cells and, separately, between the Sertoli cells, creating a two-
tiered blood-testis barrier, for example, against immune attaclcl The inner protected
compartment of the seminiferous tubule is the 'adluminal’ compartment.

5 The spermatozoon is a very elongated motile cell, with a cell membrane enclosing
the: |

(a) acrosomal head cap, with an enzyme - proacrosin - to aid binding to, and
penetration of, the zona peltucida of the ococyte;

(b) nucleus, streamlined in shape, with dense chromatin;

(¢) neck joining the head (nucleus and head cap) to the flagellar taiIL_ which has the:
(i) middle piece, with an axial axonemal core of microtubules in a 6jlium-like array,
nine dense longitudinal fibres and, outermost, a sheath of mitochondﬁa ending at the
annulus;

(i} principal piece, with both longitudinal and circumferential ﬂbfles around the
axoneme; |

(1) end piece, with microtubules like a cilium, but no dense fibres.

6 Spermiogenesis - whereby the spermatid, a typical cell (excéept for its
chromosomes) becomes a spermatozoon - involves: |

(a) construction of the acrosome by the Golgi complex;
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{b) the nucleus, thus polarized at one end, condenses and elongates;

(c) at the other end, one of the centrioles mitiates fonnatim; of the flagellar tail;

(d) mitochondria migrate to form a sheath in the tail; |

(e) excess cytoplasm is shed as a residual body;

(f) the head of the spermatid throughout spermiogenesis stéys heid in a recess in a
Sertoli cell. |

7 Sertoli cell functions: to protect, nourish, and releaée the spermatids; to
phagocvtose residual bodies; and to make androgen—bindi;ig protein, fluid, and
inhibin to influence pituitary FSH release.

Endocrine testis

1 Leydig celis, eosinophilic, with much smooth ER, lipid droplets, and crystals of
Reinke, lie outside the tubules' BLs, constituting a diffuse, steroid-secreting
endocrine gland.

2 Leydig interstitial cells are controlled by gonadotrophic interstitial cell-stimulating
hormone (ICSH / LH) of the anterior pituitary, and produce the androgenic hormone
- testosterone, responsible for: |

3 (a) spermatogenesis; (b) development and maintenance of reproductive ducts and
accessory glands; (c¢) secondary sexual characteristics; (d) male n{ating behaviour;
(e) general anabolic effects on metabolism. .

PATHS TRAVERSED BY SPERMATOZOA

Efferent ducts / Ductuli efferentes

| Unevenly lined by simple, columnar, epithelial cells, in groups of tai:ll ciliated and
short secretory; the wall has circular smooth nscie; :

2 functions - reabsorption of the fluid used to move sperm out ;_)f the testis;

maturation of the sperm.
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Epididymis / ductus epididymidis

1 Regularly lined by tall, absorptive, colurmnar cells with non-motile stereocilia, and
smaller basal cells, together forming a pseudostratified epithe}iwn;

2 outside the BL is a little smooth muscle and, between the coils, is a stroma of
dense connective tissue (CT), with capillaries;

3 functions - as for ductuli efferentes.

Ductus deferens / vasdeferens

1 Lined by an epithelium similar to that of the epididymis, on a lamina propria; in the
ampulla, this mucosa has many folds; |

2 most of the very thick wall is smooth muscle: inner, longitudinal; middle, circular;
outer,longitudinal;

3 adventitia of CT binds it to nerves, blood and lymphatic vessels, and the skeletal
cremaster muscle, to comprise the spermatic cord,

4 function - rapid transport of sperm during ejaculation, under sympathetic control.
Ejaculatory ducts

1 Each occurs after a dilation of the ductus d.-the ampulla;

2 lined by pseudostratified or simple columnar epithelium on CT, without smooth
muscle.

3 Ducts open into the prostatic urethra through a hillock on the posterior urethral
wall - verumontanum/colliculus seminalis, with its >b1ind recess - wtriculus
masculinus.

Urethra

1 Three portions; prostatic, membranous, and cavernous °
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MALE ACCESSORY GLANDS

Prostate gland

1 Lobulated by septa of CT, with much smooth muscle.

2 Divisible, with histology and rectal-probe ultrasoi_md, into several zones:
..peripheral (prone to cancer),

transitional,

..central,

..peri-urethral (subject to benign prostatic hypertrophy), and

..an anterior non-glandular fibromuscular zone.

3 Large-lumened secretory acini are lined by pale columnar or cuboidal epithelial
cells, on a BL. Epithelium is patchily pseudostratified, i.e., bearing some small basal
cells.

4 Acini open into many ducts, entering the urethra individually, thus the prostate is a
collection of compound tubulo acinar glands.

5 Laminated, rounded, prostatic concretions (originally I‘Iglycoprotein, but later
calcifying) - corpora amylacea-develop in some acini as age increases.

6 Functions - secretion of a watery fluid to dilute the semen; the protease - prostate-
speciﬁc antigen (PSA) - liquiftes the gel from the seminal vmljcles to free the sperm;
the roles of the citrate (the anionic counterpart to Na') and acid phosphatase are
uncertain.

7 PSA serves as a serum marker of prostatic cancer, if excess:ive for the man's age.
8 The sroma has abundant smooth muscle to make the prostate a self-squeezing
gland, withon;t the need for myoepithelial cells. Stroma interacts with the epithelium
in the control of growth and secretion, and is a major player in benign prostatic

hypertrophy.
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Seminal vesicles

1 Coiled, convoluted, tubular structures; with a

2 very extensively folded mucosa, having

3 a pseudostratified, columnar, secretory epithelium.

4 The wall has circular and longitudinal smooth muscle, and a thin, outer, fibro-
elastic adventitia.

5 Functions - secretion of a viscid gel composed of seminogelin, with fructose to
provide energy for the sperm, and prostagiandins that may a]fer contractions in the
fermale tract.

Cowper's bulbo-urethral glands

1 Compound, tubulo-alveolar gland making special mucus, thbught to

2 lubricate and prepare the urethra for gjaculation.

SPERMATOGENESIS

Spermatogenesis is a sequence of cytological events resulting in the formation of
matured spermatozoa in seminiferous tubules of the testis. Assessment of
spermatogenesis 15 based on the quality of sperm, which is highly correlated with
fertility. Sperm quality includes sperm concentration, motility and morphology
(Sharpe, 1994).
The process is generally described in 3 parts. They are:

(1) Stem cell renewal by mitosis

(2) Reduction of chromosomal number by meiosis

(3) Transformation of a conventional cell into spermatozoa.
The stem cells for the spermatogenetic process lie next to the basement membrane
of the seminiferous tubules and are called spermatogonia. These undergo mitosis

and a group of spermatogonia proceeds to enter meiosis to form the primary
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spermatocyte and secondary spermatocytes. The secondary spermatocytes divide by
mitosis to form spermatids that are transformed duriﬁg spermiogenesis into
spérmatozoa (deKrester and Kerr, 1988). The process begins after 20 days in rats
and after 13 years of age in man. Studies have shown that the time taken for a
complete cycle in man is 64 days (Junquerial, ef al., 1998) and 51.6 - 56 days in rats
(Heller and Clermont, 1963). If toxic agents or antifertility drugs in man damage
spermatogonia, it takes about 64 days for the number of sperms in the ejaculate to
reduce (Chow et al., 1980). Disruption of spermatogenesis by testicular toxicants
causes both morphological and functional changes wrthm testicular cells. The
ultimate result is the suppression of testicular function from reduced sperm count,
motility and histological damage. Cell vacuolation and oedema caused by the
toxicants will produce infertility in male rats. These indicate Leydig cell hypoplasia.
The disruption of these cells may elimmate testosterone and other Leydig cell
functions that are required for spermatogenesis (Chinoy and Ranga, 1984).
HORMONAL REGULATION OF SPERMATOGENESIS [,

The pituitary gland under the influence of hypothalamic stiﬁulation secretes two
major glycoprotein hormones that promote spermatogenesis. They are (a)
Luteinizing hormone (LH) and (b) Follicular stimulating hormoﬁe (FSH). LH has an
indirect effect on spermatogenesis via stimulation of Leydig cells, which has surface
receptors for LH. It responds to stimulation by producing and releasing testosterone,
which diffuses into the tubules or is bound to a carrier such as albumin that delivers
it across the lymphatic space into the tubules (Steinberger, 15575). Receptors for
testosterone are present in Sertoli cells. FSH directly stimulates the seminiferous
tubules. The receptors for FSH are found on spermatogonia andI;Sertoli cells. FSH

acts as a prerequisite for testosterone action during spermatogenesis (Means ef al.,
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1976). Spérmatogenesis is a highly synchronized process in which FSH and
testosterone are considered the major regulators; neveriheless, the mechanism by
which these hormones act on germ cells is unclear (B]anc,io-Rodﬁgues and Martinez-
Gracia, 1998). Both FSH and testosterone may stimt"llate initial spermatogenic
development but only testosterone can complete spermjogenesis (Singh and
Handelsman, 1996). There are now indications that fact_‘ors other than testosterone,
gonadotrophin releasing hormone antagonist or Leutinijsing hormone are probably
involved in the induction and completion of spermatogenesis (Neumann e! al,
2002). Testosterone produced by Leydig cells within the interstitial compartment of

the testis has a vital role in the control of the process of spermatogenesis. Studies

have demonstrated that LH or testosterone could mamtam spermatogenesis if

administered soon after hypophysectomy prior to régressions of the germinal
epithelium. (Hansson et a/., 1994) Testosterone mainv‘tenance of spermatogenesis
was paralleled by stimulation of androgen binding, protein (ABP) production
suggesting an action of androgen on Sertoli cells. ’I‘hisjsuggests the possibility that
androgen regulation of spermatogenesis is mediated through Sertoli cells (Hansson
et al., 1975). Testosterone maintenance of Sertoli cell ﬁmction and spermatogenesis
is enhanced by FSH and diminishes with time gitﬁer hypophysectomy. LH
stimulation of testosterone production is required f:c)r development of the rat
seminiferous epithelium during the first 30 days of age {'and for maintenance of adult
spem‘:atogenesis: The concentration of testosterone within the interstitial
compartment is at least 50 times that in the peripherél blood and diminishes in a
linear gradient toward the lumen of the seminiferous tu;bule. Studies in rodents have

shown that intra-testicular testosterone concentration is normally thirty-fold higher

than serum concentration. The concentration that is minimally required to maintain
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spermatogenesis is also substantially 10 folds higher than the serum level (Jardw et
al., 2001). Studies have shown that the testosterone level in serum and plasma
correlates with sperm concentration and motility (Carropo et al., 2003, Osinubi ef
al., 2003). Reduced testosterone level was shown to be partly responsible for the
significant reduction in the epididymal and testicular sperm count and datly sperm
production (Eibeticha and Da’as, 2003). Pronounced suppression of primate
spermatogenesis seemingly requires inhibition of FSH rather than testicular
androgen levels. Eiogenous testosterone functions as a male contraceptive by
suppressing the pituitary gonadotrophins (LH and FSH). Low levels of these
hormones decrease endogenous testosterone secretion from the testis and deprive
developing sperm of the signal required for normal maturation. Interference with

sperm maturation causes a decline in sperm production and can lead to reversible

infertility in man (Amory and Bremner, 1998).

OTHER FACTORS REGULATING SPERMATOGENESIS

A host of drugs and chemical agents when introduced into the body can
disrupt the process of spermatogenesis and can cause; both morphological and
functional changes within the cells, Hence this can be used to assess the
reproductive capacity in experimental animals. These ;chemica] agents include
steroids, anesthetic gases, narcotic drugs, rheta]s, trac%: elements, insecticides,
herbicides, industrial chemicals etc. Many chemicals aﬁ‘eéting spermatogenesis act
indirectly through their effects on the Sertoli cells, rather than directly on the germ
cells (Chapin ef al, 1988). All phases of Spennalogen&s.‘is are supported by and .
dependent on an intimate interaction between germ cells and somatic-Sertoli cells,
which provides the microenvironment es;sentiai for funt;tiona] spermatogenesis.

Disruption of spermatogenesis can therefore be caused by defects affecting either
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the germ cells or the Sertoli cells, and the testicular environm‘ént, or by combination
of both (Russell ef al, 1990). Numerous recent studies have focused on local or
peregrine factors that influence spermatogenesis, Paracrine interactions between
Levdig cells and Sertoli cells other than secretion of the _;testosterone have been
postulated. Paracrine interactions have been described in vit:ro between myoid cells
and Sertoli cells. In addition, germ cells are known to influence the response of
Sertoli cells in vitro (Sharpe, 1986). In addition, several growth factors such as
epidermal growth factor have been found to be important in controlling
spermatogenesis in vivo. Sertoli cells produce a hormone'l termed inhibin which in
some species selectively inhibits the secretion of FSH. Inhibin is probably not the
only physiologic feed back substance responsible for q.ontrolling FSH secretion
(Steinberger and Ward, 1988). Also locally secreted mi{otic inhibiting substances
(chalones) havé been reported to act on spermatogoniai to prevent their division
(Russell et al., 1990), |

Some plant extracts have been reported to aﬁ'ect spermatogenesis thereby
serving as fertility regulating agents. They act by int_.érfering with either sperm
production or sperm maturation, sperm storage or with éheir transport in the female

genital tract (Cunningham and Huckin, 1979).
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STEREOLOGICAL TOOLS IN BIOLOGICAL RESEARCH

In this nvestigation, we shall apply stereological mfeth_ods to study two
different doses of aqueous extract of the bark of Carica papdlya on the testis. The
principles underlying stereology has been known for a loné time. In the last 50
years, stereological studies have appeared in literature more and more frequently,
the first studies being based on pioneers (Chalkley, 1943:'; Abercrombie, 1946;
Chalkley ef al., 1949; Weibel and Gomez, 1962; Weibel et a}’., 1966). The so called
"new stereology"” was developed in the 20th century ei;ghti&s, a collection of
procedures turning stereology easier and unbiased (Gunder,':sen et al., 1983; Sterio,
1984; Gundersen, 1988) - in reality, the question of bias ancll. stereology 1s still under
discussion, but new techniques make stereology more cqj;lsistent (Hedreen, 1999,
Baddeley, 2001; von Bartheld, 2002; Gardella et al., 2003), Stereology is dynamic
and full of perspectives for the future, new approach_és to old questions still
stimulates stereologists to test possibilities, an exciting example i1s the "virtual
isotropic spheres probes" technique, because the surface of a sphere is perfectly
i__sotropic, all intersections of linear features with the surface have an equal
probability (Cruz-Orive and Gual-Arnau, 2002; Mouton et al., 2002).

Modern and generally unbiased stereological methods have, however, mostly
been developed in the last decades (Mayhew and Gundersen, 1996). Today these so-
called design based methods are preferred when studying three-dimensional (3-D)
structural quantities because of their efficiency. The methods are quick (compared
with 3-D reconstruction) and estimation can be done fron:n a few chosen sections and
precise because the systematic sampling takes away much, and often all of the
systematic error (bias). The stereological tools allow quantitative 3-D estimates to be

obtained from two-dimensional (2-D) slices through any object, like histological
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sections of a tissue sample. While the direct observations are made in the 2-D
sections, 3-D information is obtained through mathematically proven relationships
(Howard and Reed, 1998).
The accuracy of stereology and its estimates relies on unbiased sampling protocol at
all levels (population, individual, tissue sample, section and observation field). This
is ensured by using systematic random sampling throughout the sampling hierarchy
(Gundersen, 1987). The numerical estimates are obtained by counting hits from a
probe placed randomly on selected microscopic sections.
STEREOLOGY

Stereology describes the analysis of biological tissue in 3-D. The term
stereology was first introduced in 1961, and after a brief period of reliance on
assumption and model-based classical geometry; moved into assumption- and
modei-free (theoretically unbiased) approaches to quantify. 3-D objects of biological
mnterest (Mouton, 2002). The beauty of stereology is its ¢larity. Unbiased methods
give confidence that the estimate is reliable. ‘
Problem of Quantitative Microscopy

The light microscope is probably the most Qbithous of all scientific
instruments. Almost all scientific laboratories have at least one light microscope and
they are so commonly placed that they have become a universally recognized
symbol of scientific research. However, there are two fundamental problems
associated with any quantitative microscopic analysis: ,
1. The amount of material that is actuaily examined in the microscope is often a tiny
fraction of the whole object of interest. |
2. The act of taking a cross-section through an object, such as a thin histological

section, causes the feature of interest to be seen with reduced dimensionality.
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These two problems can be illustrated as follows:
In order to resolve human neurons high magnification’ optical microscopy is
required. However, at high magnifications the volume of material actually imaged is
a tiny fraction of the brain tissue, For example if a 100x magnification oil immersion
lens is used a 3-D sampling 'brick' with dimensions of abOuIt 70um x 90um x 10pm
can be used for counting cells. For a brain of volume 500 cm’ each brick thus
represents a fraction of about 1/8,000,000,000" (an eight Il billronth) of the whole
brain, How can a meaningful and representative estimate of the total number of
neurons in the brain be made from this tiny fraction of the bl;iain?

In many material science applications the surface aréa of an interface per unit .
reference volume (known variously as surface density or specific surface) is a useful
measure of surface sensitive processes. If the surface of itherest is embedded in a
matrix, then the only way to make an image of the interﬁjlce is to take a polished
plane section through the object. However, although the pérameter of interest is an
area (with dimension L?) on a cross-section the interface is seen as a boundary (with
dimension Ll). An unavoidable reduction in dimensionality:(from L% to L') has been
introduced by the sectioning process. The parameter of interest is not directly
observable on the section. How can the lengths (L") of the!l observed boundaries be
related to the area (L?) of the surfaces of interest?

Both of these problems are simply resolved in practfice by applying a branch
of applied mathematics and probability theory known as'stereology, which is the
science of obtaining 3-D information from 2-D sections. Th;le word stereology cannot
be found in any major modem dictionary. It was ooinedi': in the early 1960's by a

. . + . - - . '. .
group of Mathematicians, Biologists and Material scientists who had a common

interest in quantifying 3-D structure from 2-D cross-sections (Haug, 1987; Weibel,
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1987). The founders of this new inter-disciplinary science rea_iized that although the
specific problems faced by Histologists, Material scieq’tists, Geologists and
Anatomists were very different there was a common gene:'ric problem. The 3-D
features they were interested in could not be directly quantifi"led from cross-sections.
The insight provided by the founders of stereology was tha1 they realized that the
features seen on a section were related to the features in 3-DI'I space in a well defined
statistical way. Despite a formidable theoretical framework the methods are very

easy to apply in practice.

What is Stereology? !

Stereology (originally meaning “knowledge of spa;:e”) has its origin in the
original field of study - obtaining information from flat, :2-D images (stereo=two,
ology=the study of). In 1961, the Journal of Sciencel;a carried the following
announcement: An International Society of Stereologl} (the science of 3-D
interpretation of flat images) has been formed for the excl;ange of ideas concerning
applicable research methods in microanatomy, qro!oéx ultrastructure studies,
melallurgy, geology, bstronomy, and cosmology. Inquiri,«les are invited concerning
membership, or the activities of the society. (Hans Elias,,; Chicago Medical School,

710 S. Wilcott Ave., Chicago 12)

Stereology is simply the study of estimating geomemca] quantities. It 1s
related to the areas of stochastic geometry and spatial st%lristics. It can be described
as geometric sampling theory or a set of sampling' methods for quantifying
geometric parameters such as the number of cells, the le"'ngth of a tube, the area of a
particular region in a biological field, or the volume of an organ. Stereology
provides methods for sampling from such structures and thereby for estimating the

parameter of interest. The parameter can often be estimated from simple
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measur_rements*of the samples, e.g. counting. Stereologyl xﬂay be applied in various

sciences, such as materials science, medicine, biology, forestry and agriculture. The

word 'stereology’ originates from the Greek word 'stereds”: sohd, - here in the sense

of having all the geometrical dimensions or being cubic; So stereology traditionally

concerns 3-D structures. However stereology is also appiichble to structures that are

subsets of a 2-D space.

There are five general types of quantities that are explorclad in stereology:

1. Number — The number of things, also known as a pc;ptxlalion, is a basic quantity

that is often of interest to researchers. Determining the numbers of objects is not as

simple as it may seem. . |

2. Length — Length is a concept that is easy to understand, but not as easy to define

formally. Length becomes tricky when considering the length of things that twist

and tum iI.l space. II

3. Surface — Surface is the same as surface area, but surface is used to refer to the

area of a shape that isn’t flat, Note that the area of somgéthing that appears in a plane

is usually called “profile area”. .

4. Volume — The volume of something is a measure of I;ow it fills up space.

5. Connectivity — A geometrical quantity. It has to do with the way things are

connected into objects. II
There are many examples today of estimating geometric quantities that are 2-

D. The more challenging concepts deal with the estimation of 3-D quantities based

on the observation of 2-D images. Today, the field éf stereology has evolved to

include the study quantification in 3-D. In fact, today the most common estimates

are quantities in 3-D material. Examples of this are: niimber of brain cells within a
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brain i'egion, the length of capillaries, the vol]ume of a tumor, as well as the
percentage of quartz in granite.

The primary goal of unbiased stereology 1§ to make sample estimates of first-
order population parameters, e.g., number, volumllg, length, and surface area; and, to
estimate their variation. Variation is a second-orde;r stereological parameter.

Two important benefits arise when biaslul is successfully eliminated from
stereological désigns: I
1. Accuracy - analysis of more individuals causes sample estimates to converge on
the expected value of the population parameter. .

2. Partitioning observed variance into its random erlflror, which consists of biological
variance and sampling variance (error). i

The unbiasedness of the methods allows fc;.r optimization of sampling for
maximum efficiency, and thus minimizing time, Ialbor, and material expenses. In
recent years, advent of design-based stereology has improved the accuracy and
reliability of quantification in biological research. Tﬁe application of design-based
stereological methods to the analysis of organs has cl'ontributed considerably to our
understanding of the functional and pathological morpilology of the body.

What is Design-based Stereology? |

The term “design-based” is used to describe zl;ewer methods in stereology
whose probe and the sampling schemes are ‘designed’l; that is, defined a priori, so
that the methods are independent of the size, shape, sﬁatial orientation, and spatial
distribution of the cells to be investigated. Older sl;tereological methods were
“model-based”; this means that they used models based I:on the geometric properties

of the objects being studied. The design-based methods c-';liminate the need for using

information about the geometry of the objects to be invélstigated, resulting in more
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robust data because potential sources of systemali(L: errors in the calculations are

eliminated. Design-based stereology considers solutions in which models are
avoided. In design-based stereology the objects are assumed to be fixed and the

probes that investigate the objects are random. There are four basic assumptions that

|
|

are avoided by design-based approaches: !
1. No assumptions about shape
2. No assumptions about size
3. No assumptions about orientation
4. No assumptions about distributions |
Design-based stereology can be divided into two main components:
1) Analyses of the global and
2) Local characteristics of tissues.
Global characteristics include volume, number, con;nectivity, and length of linear
biological structures. These characteristics can be expressed as absolute values (e.g.,
the number of seminiferous tubules in the rat testis, etc.) or as relative values (e.g.,
the volume fraction of the rat testis occupied by the seéminiferous tubules, the density
of Leydig cells within the interstitial space of! the rat testis, etc.). Local
characteristics include the volume of a specific objeclt (e.g. the volume of a Sertoli
cell in the tubule). Both global and local characteristics can be analyzed by a variety
of design-based probes.
Why not use model based stereology?

Model based stereological methods use approgximation methods to describe
an object being studied. These approximations work only as well as the models truly
represent the actual objects. The problems with modléals can be avoided by simply

avoiding the use of models.
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Study'Design %
‘How many probes should I place in howf many sections?’ is a frequent
question that ‘stereologists’ are confronted with — :and one that they often are less
qualified answering than the person asking. There are several recommended schools
of thought into how much work should be donel; to achieve a desired level of
accuracy. These approaches are discussed below. T}?'ey each have their own merits.
The over-sampling-sub-sampling approach |
Few investigators would be comfortable w?lth the idea of using a sampling
scheme in which the selected sections frequently miss important anatomical features
of the structure of interest and in which probes rarely ‘hit’ the objects whose
properties are to be estimated. Sampling schemes \!;vhjch are free of these fauits are
good “starting schemes” and will often, when fonn‘allsr assessed using coefficient of
error, (CE) estimators, typically return methodollé:gical contributions to variance
which are ‘good enough’ and often ‘better than ne!c&ssaryi The choice of sampling
parameters often depends on a sufficient knowledge of the structure of interest,
which cannot be substituted for by stereological the:ory.
| This “starting scheme” is at least a good beginning for a more rational study
design. If it is judged that, e.g., every n ® section;'wou]d seem appropriate and that
probes should be placed at d um x, y-intervals, (:me may decide to sample two or
three animals with, e g., every % n ™ section and with % d um intervals. From this
larger sample, sub-sampies can be drawn corTespo'lnding to 2, 1, 0.8, 0.66, 0.57, 0.5
. times the originally intended sampling density in terms of sections or probe
placement or combinations thereof. The sub—samplle estimates allow us to evaluate:

1. How much the estimates actually fluctuate with :changes of the sampling intervals,

i.e., we obtain a statistical sample of the ‘true’ CE;
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2. The size and variability of the calculated CEs for a range of sampling intervals
and which sampling scheme is returning a preciéion suitable for the purpose of the
study.
Based on the above we can determine which of the CE estimators and associated
factors best predict the observed variability of the sub-sample estimates and can be
used in the assessment of estimate precision in thé actual project.
The over-sampling approach

Many researchers have decided to rely;on a reasonable degree of over-
sampling which is easy and fast when using afjtomaled stereology systems. For
instance, numbers of counted cells have been incf:re'ased to a range of 500 to 1,000
per individual. For homogeneously distributed Eceiis counting approximately 900
cells the CE is 0.033. The amount of time necm%ary to carry out these estimates is

!

typically one day per region of interest, which is éa reasonable compromise between
the amount of time dedicated to the analysis and the precision of the obtained
estimates. Likewise researchers have tumed tio analyzing volumes using the
Cavalieni estimator on the investigation of at !east 8 sections and at least 250
counted points. Estimates of mean perikaryal or nuclear volumes on the
investigation of a total of at least 500 cells (which typically requires no more than an
hour when carried out simultaneously with estimates of total numbers of cells), and
estimates of the average length of tubular objects on the investigation of at least 500
intersections of these objects with Space Bails (which typically requires about one
day per region of interest).

Finally, over-sampling is only one possible empirical solution to the problem
of ensuring sufficient precision in an estimate (or group of estimates). For instance,

the optimum sampling intensity in a study dealing with total numbers of cells
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depends not only on the spatial distribution of the cells within the tissue, but also on
the kind of statistical analyses to be performed (i.e:, comparison of group means,
regression analysis, calculation of individual ratios of cell numbers, etc.). Because a
general analytical solution to this problem does not exist, it is recommendeci that
someone knowledgeable in the field is involved in designing the sampling scheme
before the start of the study. Then the sampling scheme is verified with a pilot study
in which you perform over-sampling so you can systematically examine the
sampling parameters that will yield the most eﬂicientE and precise estimation in your
design-based stereological study. The final sampling scheme should address the
number of animals or organs to be investigated, the number of sections to be
analyzed, the sampling frequency on the sections to be examined, etc.

The classical rules of stereology are a set of. relationshi_ps that connect the
various measures obtained with the different probes with the structural parameters.
The most fundamental (and the oldest) rule is that the volume fraction of a phase
within the structure is measured by the area fraction on the image, or Vy = A, Of
course, this does not imply that every image has exactly the same area fraction as the
volume fraction of the entire sample. All of the stereological relationships are based
on the need to sample the structure to obtain a mean value. And the sampling must
be IUR - isotropic, uniform and random - so that all portions of the structure are
equally represented (uniform), there is no conscious or consistent placement of
measurement regions with respect to the structure iltself to select what is to be
measured (random), and all directions of measurement are equally represented

t
(isotropic).
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PRODUCING IUR { ISOTROPIC UNIFORM RANDOM) SECTIONS

An organ has homogeneous (isotropic or not oﬁentated) structure when we
are not able to decide the orientation section by | observing its histological
appearance; otherwise, the organ has a heterogeneous (anisotropic or orientated)
structure. JUR sections are the morphological basis to use stereology. IUR sections
always can be obtained to allow stereological studies. lln organs with homogeneous
structure (liver, salivary glands, etc) TUR sections are easy to obtain, cutting the
tissue and staining the slices is enough. Organs with a heterogeneous structure need
a special procedure to obtain TUR sections. To destruct the internal structural
orientation of an organ two main methods have been prloposed: the vertical sectidns
(Baddeley et al, 1986) and the orientator (Mattfeldt et al; 1950).

Vertical sections are plane sections longitudinal to a fixed (but arbitrary)
axial direction. Examples are sections of a cylinder paira]lel to the central axis, and
sections of a flat slab normal to the plane of the slab. \{ertical sections of any object
can be generated by placing the object on a table and taking sections perpendicular
to the plane of the table. Stereology's standard methods assume TUR sections, and
they are not .applicable to this kind of biased samplipg. However, using specially
designed test systems (cycloid arcs test-system), an unbiased estimate of surface
area can be obtained (Mandarim-de-Lacerda and Pereira, 2001). No assumptions are
necessary about the shape or orientation distribution of.the structure. Vertical section
stereology is valid on the same terms as standard stere-ological methods for isotropic
random sections. The vertical axis direction is freely chosen, which makes;the

sampling procedure simple.
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Vertical Uniforrn Random (VUR) Sections

Vertical uniform random (or VUR) secti;on is used for some stereological
methods, particularly with tissues that have well defined orientations, such as skin,
muscle, and bone. VUR sections are sometimes referred to as vertical sections. A
VUR section is less random than a completely random section, the FUR section. A
common use of VUR sections is to estimate length and surface area.
A VUR section or slice is made in four steps:
1. Select an arbitrary vertical axis, or select a horizontal plane and then
2. Determine the axis perpendicular to that plane. Either way an orientation is
selected that is called the vertical axis.
3. Rotate the material in a random manner about the vertical axis.

4. Cut sections or slices parallel to the vertical axis that have a random start position.

These rules are best explained with illustrations.
i
@ }(

Figure 1 Mounted section of tissue from a biopsy

In Figure 1, a piece of tissue from a biopsy h{as been mounted in a block. The
long axis of the biopsy tissue has been chosen as the vertical axis. In the middie

picture, a random rotation angle has been chosen and the rotation ﬁas been applied
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around the vertical axis. In the final step, the tissue is sectioned. Just as a Systemic
Random Sample (SRS) section has a random start, so do vciartical sections,

The selection of the vertical axis often is natural bq'acause of the nature of the
material being studied. Studies of skin have a natural hat surface. This can be
considered the horizontal plane. The vertical axis isé the orientation that is
perpendicular to the plane defined by the surface of the skin. The selection of the
horizontal plane and its associated vertical axis does not have to make any sense
relative to the material. For example, a muscle is a hi[e_-,hlyI oriented feature. It is notl
necessary to have the vertical axis match the long ax15 of :the muscle. What is

important is that the vertical axis is maintained throughout ithe work.

Figure 2 Butternut squash rotated around the vertical axis and sliced into vertical

slices

Figure 2 is a butternut squash that has been rotatkd around a vertical axis.

'The squash is then sliced to prepare a number of vertical s]ic&;. Notice that some of

the slicing planes cut the squash to form 2 separate pieces. This occurs on the left
' i

side of the squash. The vertical sections cut from the squash can be used to estimate.

surface area. Since these sections are more random than Cavalieri sections, these

same sections can be used for volume estimation. |
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Figure 3 Butternut squash showing profile of the selected slice

After the slices or sections have been made it is important to know the
orientation of the vertical axis on that slice or section. Figgﬁe 3 shows the butternut
squash again. The vertical slice has been rotated to show the profile of the slice.
The curved arrow identifies which slice is being shown. The straight arrow identifies
the vertical axis. The vertical axis is a direction. The positi'()n of the straight arrow is
not important. All that matters is the direction that the straight arrow points. This
direction is important once probes are placed over the ;ections or slices that are
used. |

The orientator is an evolution of the ortrips (Mattfeldt er af; 1985). It is
theoretically shown that in anisotropic specimens the pjrecision of length density
(Lv) and surface density (Sv) estimation is considerably ,'increased if JUR sections -
oriented sets of three mutually perpendicular sections (orthogonal triplet probes =
ortrips) are used. The orientator is a technique for the estimation of Lv and Sv and
other stereological parameters using YUR sections. It is; an unbiased, design-based
approach to the quantitative study of anisotropic structures, such as muscle,
myocardium, bone, and cartilage. No special technical equipment is necessary.
Orientator can be generated without difficulty in large specimens like human

skeletal muscle, myocardium, piacenta, and gut tissue. Slight practical modifications

extend the method applicability to smaller organé like rat hearts. At the
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ultrastructural level, a correction procedure for the loss of aﬂisotropic mitochondrial
membranes due to oblique orientation conceming the elgctron beam has been
suggested. Other potential applications of the orientator m anisotropic structures
include the estimation of individual particle surface area wlith isotropic nucleators,
the determination of the connectivity of branching networks; with isotropic disectors,
and generation of 1sotropic sections for second-order i'stereology (3-D pattern
analysis) (Mattfeldt et al; 1990).
Counting Rules

One of the most basic and most important aspects 'lof quantification is “how
many”. For instance, how many tubules are in the testis or how many Sertoli cells
are in a tubules is an important quantity to address the uﬁderstanding of biological
aspects such as function, and development. Counting seems like a rather simple
process, but to do it properly there are complications. ;In the discussion below,
stereologists call objects the generic term ‘particles’ tc") cover all of the various
disciplines using stereology.
Four things that must not affect the ability to count are:
1. Shape
2, Size
3. Orientation
4. Distribution
Shape means that the shape of the particles being counted should not affect the
process. If a particle is shaped like a pyramid or a splﬁere, it should not matter. If

some particles being counted look like doughnuts a_hd other particles look like

bananas it should not matter.
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Size is important. iIf the particles vary in size in an unpredictable manner, it should
not matter. Many older techniques assume that all particles being counted were
essentially the same size. This often proves incorrect.

Orientation means that the particles should not be assumed to be oriented in some
sort of random fashion or to be pointing in the same direction.

Distribution is the idea that particles need some sort of placement in order to be
counted correctly. No assumptions should be made that the particles are randomly |
distributed or that they are evenly distributed.

Removing these 4 assumptions is extremely important for all disciplines
using stereology. Stereology has developed methods to g;et the correct answer no
matter how particles are shaped, how particles are sized, how they are oriented, or
distributed.

The probe that is used to count is called the counting frame. The counting frame is

T ) . .
g usually shown as a red and green probe, but it can also be shown in a black with part

of the counting frame dashed.

acceptance

rejection

Figure 4 The counting frame showing acceptance and rejé:ction regions

The counting frame is an interesting prébe since it is asymmetrical and
extends to infinity. The solid black lines border the rejection region and are known

as the rejection lines. The dashed lines pass through the acceptance region and are

57



-~

.
Ly

the accepta'nce lines. The rejection and acceptance regions cover everywhere. The
border between these two regions extends to infm:jty, Part of the border is the
extensions above and below the counting frame. Thes‘g are often called the ‘tails’ of
the counting frame.

The counting rules are stated in many different ways, although they all mean
the same thing. One form of the rules is that a particle is counted if it lies entirely
within the counting frame or if it touches an acceptance line without touching a
rejection line, Another way of stating this is that a particle is counted if it intersects

the counting frame, but not a rejection line.

v

Figure 5 An example of using a counting frame to include or exclude objects

Figure 5 is a simple illustration of a counting frame and a number of
differently shaped particles. The long check marks shox\% the particles that are
counted and the short checks those not counted and why some of the particles are
not counted. There are six particles in all, ail overlap the cbunting frame to some
extent. Only two particles are counted. The one particle thaf does not overlap the
counting is not counted. Four of the paﬂicl&s touch a rejecﬁon line exclusion as

indicated with the short check marks.
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Figure 6: Four counting frames, while the cell appears in all counting frames, it is
only counted for frame 3, since it falls within the inclusion zone for that frame only
To demonstrate the claim that counting frames guarantee that cells are
counted once and only once let us look at an example. Figure 6 shows four counting
frames, positioned closely together. Each counting frame consists of two exclusion
lines (solid lines in this example) and two inclusion lines (dashed lines in this
example). Objects of interest (ie, cells, nuclei or nucleoli, etc.) are counted
provided they are found entirely within a counting frame or hit at least one of the
inclusion lines of a counting frame but not any of the eﬁgclusion lines of the same
counting frame. Accordingly, the cell shown in this examble is counted in counting
frames no. 3 (and only in this counting frame), because 1t hits at least one of the
exclusion lines of the counting frames no. 1, 2 and 4 each. If the counting frames no.
1, 2 and 4 would have been positioned at larger distance i:ounting frame no. 3 (as
shown in Figure 1, part C) the criteria for counting would héve been the same. If one
considers the nucleoli of the cells as objects of interest (the ‘anow), the nucleolus of
the cell shown in the example would also be counted in cox.;nting frame no. 3. This
illustrates how the use of counting frames makes it possif;le to count objects of
interest independent of the objects’ size. Note that in design-based stereology also

inclusion / exclusion criteria in the third dimension (i.e., the section thickness in

histology} have to be considered.
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Application to the testis

Whether by default or by design, the fundamental aim of biological research
is to correlate structure and function. The findings Qant an understanding of how
and why animals, organisms, tissues, cells, cell organe}les and even molecular
factors are made the way they are and function the why that they do. Additionally,
an appreciation of what happens when the propertieé deviate from the normal is
gained. Although continuously studied since the 1960; (Mendis-Handagama et al.,
1990), the 3-D morphology of the testis and the organization and arrangement of the
seminiferous tubules in the rat testis remain ambiguous.

A great deal of first-order (Cruz-Orive, 1989) stereological information
exists for the numbers, sizes and component densities of the various tissue
compartments of the testis under normal and experimental conditions (Wistuba ef
al., 2003; Raleigh et al., 2004; Blanco et al., 2007). 'I‘ime methods are based on
random intersections between a geometric probe and the object of interest. For
instance, length in 2-D can be estimated from the number of intersections between a
line-probe and the linear objects of interest (Buffon, 1777). For length estimation in
3-D, Smith & Guttman (1953) have shown that total length of lineal features per unit
volume (length density, Lv ) can be estimated from the expected (or average) value
of the number of intersections between lineal features of interest, and isotropic,
uniform, random (TUR) planes, according to the following formula.
Lv=2Qa=2X20/ZA (1)

Where £ Q = number of length-plane random intersections through the reference
space, and X 4 = sum of the area of sampling probe (plane) counted. Gundersen
(1979) has previously demonstrated this approach for linear Aobjects in thick tissue

sections. Wider applications of Equation (1) have been limi_ted, however, by the
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requirement for isotropic probe—object intersections. Isotyopic intersections require
that either the probe or the linear objects possess isotlropic orientations, ie. all
directions in space have equal probability. Because bioloéical objects are inherently
anisotropic, special procedures are required to ensure isotropic intersections,
including TUR sections (Gundersen, 1979) and vertica]?—uniform—random sections
(VUR, Baddeley er al., 1986). In 1990, Gokhale showed that a combination of VUR
slices and sine-weighted lines (cycloids) permits unbiased estimation of total Lv and
total Lv from projected light microscope images of linear structures (Gokhale,
1990). Several studies have estimated length of biologicai objects, including length
of seminiferous tubules ‘(Ling-Shu Kong et al., 2004) and capillaries in cerebral
cortex (McMillan et al., 1994). In many biological appiications, however, tissue
landmarks are difficult to recognize following randomizziltion around one or more
axis as required for VUR slices and IUR plane sections, respectively. A recent
method that avoids this caveat uses virtual isotropic planes to probe linear objects on
arbitrary thick sections (Larsen ef al., 1998). l

Hitherto, there has been a paucity of complememary quantitative information

concerning the 3-D arrangement of these testicular compartments. However, with
the advent of quantitative methods for exploring second-o?rder stereology, it is now
possible to examine various descriptors of spatial arrangement including
associations (Cruz-Orive, 1976), spatial and directional distributions (Baddeley ef
al., 1987, Evans & Gundersen, 1989, Matifeldt et a/., 1994) and star volumes
(Gundersen & Jensen, 1985; Vesterby ef al., 1989; Mayhe»\%, 1997; Reed & Howard,
1998). In recent biological applications on rat testis (Mendis?’-Handagama and Gilber,
1995) the analysis of stereoclogical parameters, has provide(il quantitative description

|
of differences in 3-D arrangements of testicular components,
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Sampling

The stereological objective is to estimate the Io;;al 3-D arrangements of
different tissue compartments within the testis. The basi‘s of tissue selection was
random sampling. Each fixed testis was cut into roughly 1-cm thick slabs which
were subsequently diced at approximately 1mm edge lengtlh These were sampled by
the lottery method and posi-fixed in Bouin’s solution, -’dehydration in ascending
concentrations of ethyl alcohol. They were then proce;sed for light microscopy.
Physical randomization of tissue orientation was introdu@ by allowing diced testis
samples to settle haphazardly in the embedding mediu:‘ﬁ This approach is not as
rigorous as using vertical sectioning with sine-weighteri test lines (Baddeley et al.,
1986). However, the dispositions and orientations of se;'niniferous tubules and their
components are sufficiently variable that they are unlikely to compromise the aim of
meeting the requirements of random location and isot_'fopy for unbiased estimates
(Dsterby & Gundersen, 1988; Cruz-Orive, 1989; MaYilew, 1992; Mattfeldt et al.,
1993a). In several tubular sections cut at random positions, the requirement1of
random orientation between ingredients and section plah&s is hikely to be met.
Methodology :

The method in general .

The central idea is to produce both trans;verse sections and sections
perpendicular to these during the processing of the_: tissue. The principle of the
method is described in the following: III
1. The tissue is cut in thick slabs perpendicular tq' any chosen axis and with a

random position of the first sectioning plane.

2. One or more histological sections are produced from each slab face.
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3. Using sectic;n planes parallel to the chosen axis described under (1), ie.
perpendicular to the sections made under (2), but systematically, uniform randomly
rotated and systematically, uniform randomly placed, the slabs are cut in bars with a
constant width. The bars from different slabs will then pogsess different orientations.
It is possible to systematize the rotation such that consal:utive slabs are cut in bars

|
with almost antithetic (i.e. orthogonal) orientation.

4. In the same plane as the section planes under (3), i.e. from the vertical edge of the
bars, histological sections are cut from the bars containing the tubules. Vertical
sections with known, but random positions and orientati|ons are then produced. The
above description produces a series of transverse sections and a larger series of
vertical sections from the tissue between the transverse sections. The cell volume
estimation is performed on the vertical sections.

|
What is the size of the seminiferous tubules?

The 'size’ of discrete 3-D objects such as a cell, can be described in a natural
way using volume or surface area. However, for phasés that consist of a complex
and convoluted system of tunnels and cavities the volume and surface area are of
little practical use in describing 'size'. An example of this type of phase is the
seminiferous tubules in testis. One usefu! definition of size for a connected phase
was proposed by Scheidegger (1974), who defined the{ 'pore diameter' at any point
within a pore space as the diameter of the largest sph%re which contains this point
and which is wholly within the pore space. This deﬁnition of pore diameter has
recently been independently rediscovered and pléblished by Hildebrand &
Riegsegger (1997) who use the term thickness for the 'Isame concept. Unfortunately
the pore diameter, or thickness, as defined by Schelidegger cannot be estimated
stereologically because it requires 3-D images. A more accessible definition of size

|
|
!
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for a connected phase is the mean volume-weighted star volume, v *,. This is
defined as the average volume of the phase that can be seen unobscured from a
random point within the phase (Serra, 1982). The mean volume-weighted star
volume can be estimated for a three-dimensional system from suitable cross-sections
using the point-sampled intercepts method developed .by Gundersen and Jensen
(1985).

The definition of mean volume-weighted star vL]me requires that typical
points of interest are sampled and that the volume seen ;directly from each of these
points is then estimated. This research also introduces zirelated quantity, the mean
surface-weighted star volume, v *5. This is defined as the average volume of a
phase seen unobscured from a typical point on the il;nterface of the phase. The
surface-weighted star volume in this case refers to the star volume of seminiferous
tubules with respect to sampled points of the seminiferous epithelium surface. This
quantity thus gives a measure of the volume of lumen m contact with spermatozoa.
The v *s s the product of  / 3 and the individually c:ubed line lengths (mean I)
for all objects profiles sampled by points. The equationifor volume-weighted mean
seminiferous tubule volume is
Mean v *; - /3 X meanf  (2) |-

Thus the larger the objects in the tissue, the greater their :possibility of being hit by a
single 2-D sampling plane, and the larger profiles in th:e tissue will have a greater
probability of being hit by a randomly placed point grid. '

The estimation of both volume- and surface-weighted star volumes are
examples of what has become known as 'local’ stereologiy. These methods, although
defined as a global average over the object of interest, focus primarily on localized

microscopic structures. Examples include direct estimation of particle volume
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(Gundersen and Jensen, 1985; Gundersen, 1988; Vedel-Jensen and Gundersen,
1993), particle surface area (Kiéu and Vedel-Jensen, 1993; Téndrup etal., 1997) and
second-order stereology (e.g. Cruz-Orive, 1989; Mattfeldt et al, 1993). In many
cases these 'local’ stereological parameters are better able to quantify the localized
spatial architecture of a typical element of the structure than classical ratios (e.g.
numerical density, volume fraction, etc.) or total quantities (number, length, surface,
etc.).

Theory .

The volume-weighted star volume

The star volume of an object with respect to an intemal point p is the volume
of the object seen unobscured from a point. For a convex; object the star volume is
equal to object volume for any position of p. For a non-convex object the star
volume is generally less than the object volume and it varies according to the
position of p. If the point p is allowed to move over all pdssible positions within the
object and the average is taken of the individual star volillmes we obtain a volume-
weighted mean star volume. For three-dimensional objects the volume-weighted
mean star volume is denoted as v *y, in this notation thle bar indicates an average
and the subscript ¥ indicates it is a volume-weighted average.

For a 3-D connected phase the volume-weighted star volume can be
estimated using the point-sampled intercepts method déveloped by Gundersen and
Jensen (1985). On an IUR or VUR section a regular grid of points is randomly
translated. Each of the points that hit the phase. of interest represents a typical point
of the phase. For each of these points an isotropic chord through the point is

generated and measured. On TUR sections an isotropic orentation in the section
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represents an isotropic direction in 3-D. On a VUR sectibn the lines need to be sine
weighted with respect to the vertical direction (Baddeley ef a/., 1986).
Surface-weighted star volume

The idea of star volume introduced above is not limited simply to volume-
weighted means. In particular if the point p is allowed to move over all possible
positions on the interface of a phase and the average is talken of the individual star
volumes we obtain a mean surface-weighted star volume, v *5. For a convex object
the mean surface-weighted star volume will be equal to thé surface-weighted mean
volume of the object (Gittes, 1990; Karlsson and Cruz-Orive, 19I97). Estimation of
mean surface-weighted star volume is a two-stage process. Firstly, correct sampling
of typical points of an interface is required, followed by esﬁ}mation of volume from
each sampling point.

A typical point of an interface is one that has been cht}sen in such a way that
all surface elements have an equal probability of being se]e}:ted. The pre-eminent
method for this type of selection is to intersect the interface with a series of JUR
linear test probes. Each of the intersections between the set of test probes and the
interface represents a typical point of the interface. Stereologi@ly the set of linear
probes can be introduced on suitably orientated sections. In prlactice, either JUR or
VUR sections could be used to select typical interface points; however, we require
IUR sections for the volume estimation method so we will describe selection of
interface points on IUR sections only. On an TUR section aﬁy smooth curve or
straight Iine with isotropic orientation within the section constitutes an IUR line in
three-dimensional space. Each of the intersections between these line probes and the
interfacial boundaries represent correctly sampled points of the'interface in three-

dimensional space.
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In practice, estimation of mean surface-weighted star volume requires an
JUR line to select interface points then independently an isotropic line from this
point to estimate star volume. However, if boundary samf)ling 1s carried out on IUR
sections a problem arises. Once a typical point has been generated it becomes
difficult to generate an IUR direction from that point in that section. In particular, an
isotropically orientated line in the section does not represent an isotropic line in
three dimensions with respect to the sampled point of the interface. This prbb’lem
has been solved by Gittes (1990) who devised an elegant method whereby isotropic
directions from a boundary sampled point can be generated in IUR sections (or on
arbitrary sections if the structure is isotropic). This metl;od has recently been used
by Karlsson and Cruz-Orive (1997) to estimate the surface-weighted mean volume
of tungsten carbide particles.
Estimation

A cycloid grid was copied from Pache er al. (1993). The grid was copied
onto a transparency and thrown with uniform random position on each of the images
for each animal. Figure 7 shows a typical cycloid grid. The direction parallel with
the minor axis of the cycloids is indicated by the arrow. In theory, the correct
sampling of interfaces with a linear probe requires inf;nitely thin lines, and we
thérefore adopted the rule that the lefi-hand edge of the cycloid curve represented
the test line. Each time this lefi-hand edge intersected a seminiferous tubular we
measured the intercept length from the intersection to the tubular epithelium in the
direction of the arrow (i.e. to either right or left of the intersection). In the sampling
scheme used in this method the number of intercepts that are generated in each
image is a random variable. This means that both the total number of intercepts and

the sum of cubed chord lengths vary between images.
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Recent developments in design-based stereology 1;11ake it possible to monitor
relationships between seminiferous epithelium and lumen in new ways. For instance,
seminiferous lumen and epithelium have been studielld successfully in rats by
estimating their volume-weighted star volumes (Mendis-Handagama 1990).
Estimates of volume-weighted mean volume are the only means by which unbiased
estimates of three-dimensional variables can be obtainéd from a two-dimensional
section based on stereological methods, and they are: highly reproducible. Until
recently, this volume (Gundersen and Jensen, 1985) was the only available measure
of size for arbitrary 3-D spaces making it a potentially \;aluable quantitative tool for
determining the volumes of the complex structure of serhiniferous tubules. However,
it is now possible to estimate a surface-weighted star :volume (Reed and Howard,
1998) and so express luminal volume in a way which is sensitive to changes in
epithelial surface area. Finally, 3-D spatial relatio;‘llshjps within and between
epithelium and Iumen can be defined using second-order stereological estimators
which detect patterns of “clustering' and ‘repulsion’ (C?uz—Orive, 1989; Mattfeldt ef
al., 1993; Mayhew, 1999; Reed and Howard, 1999).

In 1992, Cruz-Orive et al. introduced the star volume distribution (SVD),
which is closely related to the star volume measure introduced by Gundersen and
Jensen (1985). SVD is defined as the mean volume bf an object seen unobscured
from a random point within the object, evaluated as a function of each direction in
space (Karlsson and Cruz-Orive, 1993). SVD, like A!star volume, thus essentially
describes the distribution of material around a typical. point within the structure, but
n contrast to star volume all directions are taken intol account {not just the longest),
so that possible secondary directions get more weightl Indeed, SVD is very sensitive
for the detection of primary and secondary orientaii?ns, but due to this sensitivity

I
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also may ‘overestimate the degree of structural or ‘textural anisotropy, thereby
suppressing secondary orientations within the structure.
Stereological estimations
Determining the degree of tubular abnormality

The degree of tubular abnormality was assésed on at least 200 tubule
profiles per testis using sections cut at a thickneéss of Sum and stained with
haematoxylin and eosin. Tubules were assessed as e;ppropriate for inclusion in the
study provided they possessed a circularity shape factor of at least 0.8 (1.0 a perfect
circle). This is to eliminate longitudinal profiles \yhich might exhibit different
degrees of damage along their length and or show more than one stage of the
epithelial cycle. The use of circular profiles is again essential since different stages
might occur in neighboring regtons of the same tubu]e.;
Tubular diameter

The tubular diameter was measured at x200 1;nagniﬁcation using an ocular
micrometer calibrated with a stage micrometer. At least 30 tubular profiles that were
round or nearly round were chosen randomly and mqasured for each animal. The
volume densities of various testicular tissue wmponélm were determined by light
microscopy using a 44l-intersection grid placed m the ocular of the light
microscope. Fifteen fields chosen randomly (6615 pé}ints) were scored for each
animal at x400 magnification. Artifacts were rarely seenh and were not considered in
the total number of points used to obtain volume dmsiéies. Points were classified as
seminiferous tubule or interstitium (comprising Leydig cell; blood and lymphatic
vessels; and connective tissue). The volume of each ciomponent of the testis was
determined as the product of the volume density and tg:stis volume. Assuming the

testis density is nearly 1.0 (~1.03-4), for subsequent morphometric calculations the
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testis weight was considered equal to testis volume. The total length of seminiferous
tubule (meters) was obtained by dividing seminiferous tubule volume by the squared
radius (R%) of the tubule times the = value.

The lumen of the seminiferous tubule varies c'&l)nsiderably in size and in
consequence a proper description of luminal volume must take volume and size into
account. Therefore, the present study describes lumin;'ﬂ volume in terms of the
global volume of lumen, luminal size {expressed as a vdlume-weighted, vv*, and as
a surface-weighted, vs*, star volume) and tubular numﬁer (expressed in 2 ways by
dividing global volume by each type of star volume). Global volumes, total surface
areas and star volumes were estimated using design—baséd stereological methods.

(a) Global volume and surface areas.

The total volumes (in cm’) of seminiferous I'tubules in each testis were
estimatec_i by multiplying each volume density by the COrlr&sponding fresh testicular
volume calculated from trimmed testicular weight .Tand tissue density. Volume
densities for seminiferous tubules were estimated as part of the analysis of 3-D
spatial arrangements using the point counting principle (Mayhew, 1991). Surface
densities of seminiferous tubules within the testis were determined because surface-
weighted star volumes are influenced by changes m total epithelial surface area
Surface densities were determined by intersection counting (Mayhew, 1991) and
then converted to absolute surfaces (mr’) per testis.

(b) Volume-weighted star volumes

This volume, vv*, offers a convenient way of describing the mean sizes of
arbitrary spaces such as seminiferous tubules (Mendié—Handagama, 1990). It defines
the volume of all parts of a space which are visiblé when viewed in all directions

from a given point within it, the mean being simply the average taken over a set of
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points randomly sampled within the space (Gmdeéer: and Jensen, 1985). In this
study, estimates of vv* for luminal volume were obtained by measuring point
sampled intercept lengths identified by projecting niicroscopic fields of view onto a
set of test points drawn on a sheet of paper laid at oﬁ the workbench. From each test
point a set of 4 straight lines radiated in systematic ra.'ndom directions. When a point
fell on the lumen, the lengths of lines radiating from this point to surrounding
epithelium were measured. This was repeated for all randomly sampled test points.
On average, 200 intercept lengths, spread over about 15 tandom fields (3 fields per
slide and 5 slides), were measured per testis. Thereafier, each intercept length was
raised to the third power and vv* (in pm’) estimated from the mean of the cubed
intercept lengths multiplied by the constant p3 (Gundersen and Jensen, 1985).
() Surface-weighted star volumes

This volume, vs*, is related to volume-weighted volume but represents the
mean volume of all parts of a space which are visible whela_n viewed in all directions
from points on its boundary surfaces (Reed and Howard, 11998). Again, the mean is
averaged over a random sample of points. Estimates fé_r luminal volume were
obtained by measuring intersection-sampled intercept ‘lengths generated by
projecting fields of view onto a set of test lines so that the encounters between lines
and boundary surfaces were isotropic uniform random in 3-b (Karlsson and Cruz-
Orive, 1997; Reed and Howard, 1998). From each point .'(intersection site}, the
length of test line radiating to sumrounding surfaces was measured and this was
repeated for all randomly-sampled intersections. Again, roughly 200 intercept
lengths on 15 random fields were measured per testis. Intercept lengths were raised
to the third power and vs* (in pm’) estimated from the mean of the cubed intercept

lengths multiplied by 2p3 (Reed and Howard, 1998).
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(d) Number estimations
. From estimates of the global volumes of seminiferous tubules and tubular

star volumes, numbers of star volume units per festis were calculated. In other
studies (Mayhew and Wadrop, 1994; Lee and Mayl;_ew, 1995), these numbers have
provided rough but useful indications of relative intervillous porosity. They do not
represent absolute numbers of intervillous pores but only the theoretical numbers of
star volume units which could be contained within the gIobal. volumes.
Observation on sampling error |

From the viewpoint of efficiency, sampling érror contributes most to the
effort in making a stereological estimate. The m;)re work that goes into a
stereological estimate the lower the sampling error. Coﬁsider a study to quantify the
total number of cells in a defined reference space. Instead of an estimate of the total
cell number obtained by sampling the reference space with a theoretically unbiased
stereological probe (the disector), suppose we count all the cells; that is, we make a
determination. In this case there is no sampling error because there is no sampling.
Such a high level of precision and effort is unnecessary, however, because the
biological vartation from one individual to the next is typically on the order of 20 to
30%, and frequently 50% or higher in some cases.e mofe rational strategy, also
known as Weib_el's "Do More Less Well" principle, is to use relatively light
sampling within each individual, while analyzing more indiopulation. This approach
will efficiently capture the majority of variation within each individual and rapidly
converge the mean value of the estimate on the true value for the population.
Understanding the Purpese of the Coeflicient of Error |

The quality of quantitative estimates obtained from design-based

stereological methods can itself be estimated. This essentially means we can have

72



g

a

©

#

some understanding about the accuracy an estimate performed with a stereological
procedure. The measure of how good the cstimaté is is called the coefficient of error,
or CE. The coefficient of error is a standard statistical value that is used extensively
in the stereological literature. The definition of the CE is rather simple. It is defined
as the standard deviation divided by the mean.

In practical applications of design-based stereology, the amount of sampling
error (the difference between an estimaie and the tl;ue value) is unknown, Therefore,
several methods have been developed to predict“ the accuracy of a stereological
estimate. Different CE formulas have been developed using models based upon
different assumptions and with different considerations taken into account, such as
the shape of the region of interest, the distribution of objects within the region of
interest, and the sampling criteria applied to the examination.

Although CE equations may be the most complicated mathematical formulas
used in a study, the most “complicated” mathematical expression used is typically a
square root. They are easy to implement in a spreadéheet and, for convenience and
those who shudder at the mention of the word “formula”, the calculation and
presentation of a number of different CE estimates 1s part of advanced stereology
packages such as Stereo Investigator. It is important to note that the CE has no real
biological meaning. Rather, it is most useful for gvalmﬁng the precision of
stereological estimates.

Controversy about the CE and practical advice for researchers

There is probably more controversy about the CE than any other aspect of
stereology. This controversy has its origins by claims in early papers (Gundersen,
1986; 1988) that it was necessary to count as few as 100 “cells to accurately estimate

a cell population. However, numerous papers and .comprehensive computer
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simulations {Glaser, 1998; Schmitz and Hof 20@5) point to the need for caution in
performing a minimum of work based on optimistic predictions of some theoretical
CE methods. As mentioned earlier, all of the CE estimation methods are based on
models and each method has conditions where tﬁe model 1s not met. The different
CE methods and their associated formulas have been developed, based upon
different assumptions and with different considerations taken into account, such as
the shape of the region of interest, the distribution of objects within the region of
mterést, and the sampling criteria applied to the examination.

" So, the question for the biologist is in ligﬁt of the theoretical controversy
over the CE is what to do? When counting cells or quantifying volume it is
recommended to use either the ‘oversampling-subsampling’ approach or the
‘oversampling’ approach. The only arguments against using one of these approaches
are that these may not be the most efficient approaches and may result in performing
more work -than necessary. Yet, many researchers believe that performing a little
more work to ensure the accuracy of their experimental finds is a sacrifice well
worth making, The amount of additional effort to use one of these approaches is
small considering the time and energy to perform a‘\co'mplete experiment. Those

researchers who consider the validity of their experimental findings paramount have

little concem in justifying their thorough means.
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MATERIALS AND METHODS
METHODOLOGY

1) Collection and preparation of plant and materials

The bark of the Carica papaya plant was obtained from a forest in Lagos and
authenticated in the Department of Botany, University of Lagos by Professor J.
Olowokudejo, a taxonomist and given an .ascensioﬁ number LUH 2151. The bark of
the plant was dried in an electric oven at 40°C for 4 days and crushed to obtain a
coarse powder that was used for the extraction in the Pharmacognosy Department of
the Faculty of Pharmacy, University of Lagos. The water-soluble extract was
prepared and screened for its effects on the }eproductive organs of the male
Sprague-Dawley rats,
2) Sources and Maintenance of Rats. ‘

Sixty mature 6 weeks old male Sprague-Dawley rats were used in this study.
They were procured from the Animal House of ihe College of Medicine, University
of Lagos, Idi-Araba. They were kept in plastic cages in the Rat Control Room of the
Anatomy Department maintained at a controlled room temperature of 29 - 30°C.
Lighting was by natural daylight such that the rats were exposed to 12:12 light—dark
cycle. Food peliets and water were provided ad libitum. The animals were kept for at
least one week to acchimatize to laboratory conditions before experimentation. The
rats were grouped into 3 groups of 20 rats each, Rats in group 1 served as control,
Group 2 received the low dose (50 mg/nﬂ/ké/day) extract while Group 3 received
the high dose (100 mg/ml/kg/day) of the extract. The animals in groups 1, 2 & 3

were further subdivided into 3 groups A, B and C.
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3) Experimental protocol '

Rats in group 1 (i.e. control) were fed withzonly animal feed and water ad
libitum. Group 2 was administered with Carica papayu bark extract orally at a low
dose of 50 mg/ml/kg/day, using a canullar and a syringe while Group 3 were given
the extracts orally at a higher dose of 100 mg/ml/’kg/day. Doses were administered
once a day to the rals for 4 and 8 weeks. All the 3 groups were subjected to the same
feeding regime. At the end of the 4 weeks experimental period, Groups 1A, 2A and
3A rats were sacrificed and the testis, prostrate, epiididymis, seminal vesicle, liver
and kidney from each rat in each group were removea and fixed in Bouin’s fluid for
histological analysis. The same procedure was repeated at the end of 8 weeks for the
second half of the rats in groups 1B, 2B and 3B.

Histological Study: After 48 hours the organs were removed from Bouin’s fluid and
further fixed in fresh Bouin’s fluid for another 72 hours. Each testis was cut
transversely into slabs of about 0.5 cm thick and dehydrated in varying degree of
alcohol (70%, 90%). From 90% alcohol to 3 changes-of absolute alcohol for 1 hour
each, then into chloroform for about 10 hours and later transferred into fresh
chloroform for about 30 mins. The tissues were placed in 3 changes of molten
paraffin wax for 30 mins each in an oven at 57°C. 'I:tley were placed vertically in
molten paraffin wax inside a plastic mould and left overnight to cool and solidify.
They were later trimmed and mounted on wooden blé)cks. Serial sections were cut
using a rotary microtome at 5-micron thickness. Sections were floated in a water
bath and picked by albuminized slides and dried on the hot plate at 52°C. To stain,
the slides were dewaxed in staining racks and placed in staining wells containing
xylene and rehydrated in varying degree of alcohol (absolute, 90%, and 70%) and

then to water for 5 mins after which they were stained with haematoxylene for 3
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minutes. Excess haematoxylene was washed off with water and differentiated with
1% acid alcohol. Sections were rinsed under running tap water an<;l then left for 5
mins for blueing. Sections were counterstained with 1% eosin and washed off with
water. They were dehydrated with 70%, 90% anl.d absolute alcohol and cleared in
xylene to remove all traces of water. A drop of mountant was placed on the surface
of the slide and covered with a 22 by 22 cm ccweri slip. Secﬁons were viewed under
an Olympus japan microscope (mode! 288532) and Diastar microscope (model 420).
Testosterone Assay: Blood was obtained by lefi .ventricular cardiac puncture and
collected into a heparinised bottle. Each blood sample was spun at 2500 revolution
per minute for 10 mins in an angle-head desktop c;:ntrifuge at 25°°. Serum samples
were, assayed for testosterone in batches with control sera at both physiological and
pathological levels by Standard Qualitative Enzyme linked immunosorbent assay
(ELISA) technique with Microwel kit from Syntrobioreseach Inc. California, U.S.A.
Assay procedure was as follows: 10 microlitres of standard sample and control were
dispensed into desired number of coated wells. 1':00 microlitre of testosterone-
conjugated reagent was dispensed into each well followed by 50 microlitre of anti-
testosterone reagent. The contents of the well were mixed vigorously for 30 seconds
and incubated for 90 min at room temperature. Later, the wells were washed with
distilled-dionised water. 100 microlitre of testosterone binding reagent was
dispensed into each well and incubated for 20 mins. Reaction at this level was
terminated with 100 microlitres of TN HCL acid and color intensity measured on a
microwell automatic reader E1 times 180. Testosterone concentrations of the various
samples were estimated from calibration curve plotted with 6 standards 0, 0.1, 0.5,

2.0, 6.0 and 18, all run in duplicate.
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Measurement of organ weight and volume: The testes of the control and
experimental rats were removed and weighed using a beam balance before fixing in
Bouin’s fluid. The values were expressed in g/kg weight. The volume of the testes
was also measured using the water displacement method and the values also
expressed in cn’.

Phytochemical Screening: This was done according to Wall ef af, (1952 and
1954). Four hundred (400g) grams of crushed sample were extracted with One
thousand two hundred litres (1.2 L) of solvent, using the Soxhlet extractor for at
least 6 hours until the complete extraction has occurred. The obtained extracts were
further evaporated to dryness using the Vacuum Rotar§ evaporator machine.
Phytochemical screening was carmed out on the obtained plant extracts. The
following active constituents were tested for: Alkaloids, Flavonoids, Tanins, Cardiac
glycosides, and Cyanogenic glycosides, Anth%raquinone glycosides, Saponins,
Anthrocyanosides and reducing sugar. !

Fertility Studies: At the end of the treatment iaeriod of 4 or 8 weeks with the

extract, each animal in each group was mated w;ith 2 normal female rats of tested
fertility. Rats with normal 4-day estrus cycle werel: used and proestrus females were
mated with experimental males. The presence of Isp(:rm plug at the estrus indicated
successful mating and this day was taken as day z!ero of gestation. The pregnant rats

-ere weighed on day zero and weighed subsefquéntly for seven days. Weight

reduction on the seventh day indicated pregnancy. .
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Re\?ersi‘bility Studies: Following the completion of the different analysis carried out

on the experimental rats, the rats in group’s 1=C, 2C and 3C were maintained

normally and observed for another 60 days. The}i' were then weighed again before

the experiment was finally terminated. The rats were sacrificed for histological and

immunoassay analysis.

Stereological Measurements: For each testis, sevEen vertical sections from the polar

and the equatonial regions were sampled. {Qin and Ling, 2002), and an unbiased

numerical estimation of the following morphometric parameters were determined
a

using a systematic random scheme (Gundersen and Jensen, 1987). These are:

1. Testicular volume and weight

2. Diameter and cross sectional area of the seminiferous tubule,

3. Volume density of seminiferous tubules and inte:'sticium

4. Absolute volmﬁe of the seminiferous epithelium and testicular intersticium

5. Number of profiles of seminiferous tubules per unit area of testis

6. Numerical density of seminiferous tubules

7. Length density of seminiferous tubules

8. Star volume of seminiferous tubules.

The seven sections per testis were selected by systematic sampling method that

ensured fair distribution between the polar and equatorial region of each testis.

1) Diameter (D) of seminiferous tubules: Round or elliptical tubule profiles with a

clear lumen were sampled using a test frame accorlding to the unbiased forbidden-

line rule, and their diameter of a circular profile was measured. The diameter of

seminiferous tubules with profiles that were round or nearly round were measured

for each animal and a mean, D, was determined by taking the average of two

diameters at right angels, D) and D,. They were taken only when D;/ Dy > 0.85

|
i
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(1.0 = a perfect circle) (Teerds ef al., 1989, Misl;fo et al., 1992). This is to eliminate
longitudinal profiles which might exhibit differé_nt degrees of damage along their
length and/or show irregular shrinkage. |

2} Cross — sectional area (Ac) of the seminifeﬁus tubules; The cross sectional

areas of the seminiferous tubules were determined from the formula below by

multiplying the mean of the squared diameters by a constant (n / 4).

Ac=D? X n/4 (where 7 is equivalent 1o 3.142 aﬁd D is the mean diameter of the
seminiferous tubules). I

3) Number of profiles of seminiferous tubules in a unit area of testis (N,). The
number of profiles of seminiferous tubules per uni; area was determined by using
the unbiased counting frame proposed by Gundersé,n (1577). Using this frame, in
addition to counting profiles completely inside the I'ﬁ'ame we counted all profiles
with any part inside the frame provided they do not tlt‘)uch or intercept the forbidden
line (full-drawn line) or exclusion edges or their extenéion.

4) Numerical Density (Nv) of the seminiferous tubules: This is the number of
profiles per unit volume and was determined by ﬁsing the modified Floderus

equation:

. Nv =Na/{(D+T) (Gilliland er al., 2001).

Where N, is the number of profiles per unit area and D is the diameter and T is the
average thickness of the section. .

S) Length Density (Lv) of the seminiferous tnbules; The length density is the
length of profile per tissue volume and was detenninéd by using the following
equation, 2 X Na .

6) Volume density (Vv) of testicular component: accorlding to Weibel and Gomez

(1962) the V., is equivalent to the points hitting the smailer structure to the points
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hitting the whole structure as a whole. The ﬁerpentage volume density was
determined by multiplying the volume density by 100.

7) Star Volume of seminiferous tubules (V*): Thg star volume of the seminiferous
tubules provides a direct and unbiased estimateE of volume which has a strict
mathematical definition i.e. the volume of all parts i}f a 3-dimenszon spsce which are
visible on every direction from a given point wnthm it. The star volume of the testis
is the product of ©/3 and the individually cubed line length (mean 1,*) for all objects
profiles sampled by points. The equation for the star volume is mean

Vv =n/3 X mean L

Determination of the concentration of the aqueous extract of Carica papaya.
This was done using the Fixed — Dose procedure described by Erik Walum in 1998.
The Carica papaya back extract was given at one of the 3 fixed dose level at a time,
(5, 50, 500mg/kg) to five males and five female :jrats. The 500mg/kg produced a
clear sign of toxicity with mortality of 50% of the rats.(Walum, 1998).
STATSTICAL METHOD: - ANOVA with Scheffer’s post-hoc test was used. All

values were expressed as mean + standard deviation
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RESULTS:

Histological analysis.

The admunistration of Spraque-Dawley rats iwith Carica papaya bark extract
for 4 and 8 weeks showed significant alteration: in the histology of the testis,
prostate, epidydimis, seminal vesicle, liver and kidney.

TESTIS: Fig. 1(a) shows control testis with semixiliferous tubules containing germ
cells up to the level of spermatozoa (i.e. spermatogenesis). In the samples with low
dose treatment for 4 weeks, the seminiferous tt;bules showed focal areas with

|

marked hypospermiation and coagulative necrosis Jof the seminiferous tubules (Fig.
1b). Samples with higher dose treatment for 4 weéks showed an extensive necrosis
of the seminiferous tubules and damage to the germ cells (viable germ cells were not
seen). There was also destruction to the basement membrane, focal area of
disorganization and sloughing. All these resulied in hypospermiogenesis and
consequently hypospermatogenesis (Fig. 1c). The low and high doses given for 8§
weeks showed a more extensive damage with thé nuclei of the cells not seen and
very scanty Leydig cells (Fig. 1d-f).

EPIDIDYMIS: The control contains numeroufs tubules lined by epithelium,
projecting in the lumen containing oesinophilic material (Fig. 2 a). In the samples
with low dose treatment for 4 weeks, there was a thick basement membrane of the
tubules with some coagulative necrosis. Few viablte germ cells were seen within the
lumen. Some tubules were lined with 1 to 2 layersj. of pseudostratified, tall columnar

epithelial cells and contained fibronoid exudates with some spermatogenic cells

(Fig. 2b). At a higher dose treatment for 4 weeks several tubules lined with 1 to 2
!
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layers of .cells v?ere seen. The lumen contained ﬁ&oblmts with necrotic matenals.
There was also extensive fibrosis of the tubules lland disruption of the epithelial
lining (Fig. 2c). When the extract was given at the lpwecr dose for 8 weeks, there was
fibrosis of the interstitial spaces with cystic dlilation of tubules, and severe
thickening of the surrounding capsule. This was sirr;ila'r to the result obtained in high
|

dose for 4 weeks (Fig. 2d-f).

SEMINAL VESICLE: The seminal vesicle ot; the control rats consisted of
numerous ducts, which were thrown into folds. f'I'he epithelial lining is made of
pseudostratified low cuboidal cells and the lumen contained thick secretions (Fig.
3a). At the low dose treatment for 4 weeks, the structures appeared almost the same
as in control, with numerous tubules lined with folds of epithelia and eosinophillic
cells in muitilayers (Fig. 3b). At the higher dose treatment for 4 weeks, there was
disruption of epithelial lining with necrosis of the epithelial cells (Fig. 3c). At the
lower dose given for 8 weeks, the result was sir;jllilar to the high dose at 4 weeks
(Fig. 3e). The result obtained from the higher dos;.e for 8 weeks was necrosis of the
tubules; thickening of the wall and appearance pf deeply eostinophillic materials
(Fig. 3f).

PROSTATE: The control prostate gland was lined with multilayered epithelium

!

and contained oesinophilic secretion in their lumen (Fig. 4 a). At the low dose
treatment for 4 weeks, there were numerous glanciu}ar structures lined by tall to low
columnar epithelium. The cells had uniformly (I)esinophilic cytoplasm with poor
outhned and faint nuclei. This is consistent \??Vith coagulative necrosis of the
epithelium (Fig. 4b). At the higher dose treatment for 4 weeks, there was extensive
coagulative necrosis of the epithelium, alteration pf the epithelium and proliferation

of epithelial lining in some areas (Fig. 4c). This was the same with the low dose
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treatment for 8 weeks (Fig. 4e), but at a higher ddse treatment for 8 weeks, the
effects were more severe. There was necrosis of the ‘cell (cell death), fibromuscular
hyperplasia, scanty prostatic acini, and multilayering of the epithelium in some
glands (Fig. 4f). j

LIVER: The control liver has an intact tubular,' architecture with a deep-red
coloration (Fig. 5 a). At the low dose treatment of ex,éract for 4 weeks there was mild
distortion of the tubular architecture, parenchyma‘l' edema, and congestion of the
sinusoid, chromatic clumping and focal necrosis :(Fig. 5b). At the higher dose
treatment for 4 weeks there was a more severe distortion of the architecture of the
tubules. Portal triad was not remarkable and there \;Ivas extensive liver cell necrosis
with a pale coloration (Fig. 5¢). At a lower ;dose for 8 weeks, there was
inflammation of the portal triad (Fig. 5e). A highér dose for 8 weeks resulted in
parenchymal edema (Fig. 51). J

KIDNEY: The control kidney showed a granular cortex and a striated medulla. Both
consist of tubules, glomerular tufts and blood vessel:ls (Fig. 6a). At the low dose for 4
weeks, there was coagulative necrosis of the tubuleé with fibronoid exudates within
lumen of the tubules, vascular congestion and edeng:atous glomeruli (Fig. 6b). At the
higher dose treatment for 4 weeks, there was total :disruption of the architecture of
the glomeruli and tubular architecture, There was extensive coagu]étive necrosis of

| :
the tissue with no clear difference in coloration (Fig. 6¢). At both lower and higher
|

doses for 8 weeks, there was parenchymal edema and sloughing of tubular

epithelium, non-patent vessels, sclerosis of glomerular tufts and tubular necrosis

(Fig. 6e-9). :

84



4]

by
Fig. 1a: Photomicrograph of the testis of control rat at 4 weeks
Magnification x 400
Stan-H&E
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Fig. 1b: Photomicrograph of the testis of rat given low dose extract for 4 weeks
Magnification X 400 ,
Stain ---H & E
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Fig. 1¢: Photomicrograph of the testis of rat given high dose extract for 4 weeks.
Magnification x 400 ;
Stain -----H & E :
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Fig. 1d: Photomicrograph of testis of control rat at 8 weeks.
Magnification x 400
Stan---H&E
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Fig. le: Photomicrograph of the testis of rat given low dose extract for 8 weeks,
Magnification x 400
Stain --- H& E
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Fig. 1f: Photomicrograph of the testis of rat given high dose extract for 8 weeks.
Magnification x400

Stain---H & E
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Fig. 1g: Photomicrograph of the testis of control rat after 8 weeks reversal period

Magnification x 400
Stain --H & E
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Fig. 1h: Photomicrograph of the testis of rat with low dose extract after 8 weeks
reversal period.
Magnification x 400 '
Stain----H& E :
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Fig. 11: Photomicrograph of the testis of rat with high dose exiract after 8 weeks
reversal period.
Magnification x 400
Stain---H & E
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Fig. 2 a: Photomicrograph of the epldzdymls of the control rat for 4 weeks.
Magnification x 400
Stain ---H&E
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Fig. 2b: Photomicrograph of the epididymis of rat given low dose extract for
4 weeks.

Magnification x 400
Stain---H&E
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Fig. 2¢: Photomicrograph of the epididymis of r
4 weeks
Magnification x 400
Stain ---H& E
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Fig. 2d: Photomicrograph of the epididymis of the
Magnification x 400
Stain-—-H&E
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clontrol rat for 8 weeks.
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Fig. 2e: Photomicrograph of the epididymis of rat given low dose extract for
8 Weeks

Magnification x 400
Stain~--H&E
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Fig. 2f: Photomicrograph of the epididymis of rat given high dose extract for
8 weeks.

Magnification x 400
Stam---H&E
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Fig. 2g: Photomicrograph of the epididymis of control rat after 8 weeks reversal
period
Magnification x 400
Stain---H & E
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Fig. 2h: Photomicrograph of the epididymis of rat with low dose extract after 8
weeks reversal period
Magnification x 400 ‘
Stain ---H & E *
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Fig. 21: Photomicrograph of the epididymis of rat with high dose extract after 8
weeks reversal period.
Magnification x 400
Stain --H&E
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Fig. 3a: Photomicrograph of the prostate of the comrol rat for 4 weeks.
Magnification x 400
Stain---H&E
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Fig. 3b: Photomicrograph of the prostate of rat gwen low dose extract for 4 weeks.
Magnification x 400
Stain---H&E
5 .
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Fig. 3c: Photomicrograph of the prostate of rat glven high dose extract for 4 weeks.
Magnification x 400
Stain --H & E
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Fig 3d: Photomicrograph of the prostate of control rat for 8 weeks.
Magnification x 400
Stain---H&E
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Fig. 3e: Photomicrograph of the prostate of rat given low dose extract for 8 weeks

Magnification x 400
Stan---H & E
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Fig. 3f: Photomicrograph of the prostate of rat given high dose extract for 8 weeks.
Magnification x 400
Stain---H & E
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Fig. 3g: Photomicrograph of the prostate of the control rat after 8 weeks
reversal period.

Magnification x 400
Stain--H&E
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Fig. 3h: Photomicrograph of the prostate of rat with low dose extract after 8 weeks
reversal period. ‘
Magnification x 400
Stain ---H & E
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with high dose extract after 8 weeks

Fig. 3i: Photomicrograph of the prostate of rat
reversal period.
Magnification x 400
Stain---H & E ;
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Fig. 4a: Photomicrograph of the seminal vesicle of control rat for 4 weeks.
~ Magnification x 400 ,
Stain---H& E
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Fig. 4b: Photomicrograph of the seminal vesicle ofi the rat given low dose extract for
4 weeks
Magnification x 400
Stain---H& E
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Fig. 4c: Photomicrograph of the seminal vesicle of rat given high dose extract for
4 weeks |
Magnification x 400
Stain ---H & E
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Fig 4d: Photomicrograph of the seminal vesicle of control rat for 8 weeks
Magnification x 400
Stain ---H & E
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Fig. 4e: Photomicrograph of the seminal vesicle of rat given low dose extract for
8 weeks
Magnification x 400
Stain---H& E
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Fig. 4f: Photomicrograph of the seminal vesicle of rat given high dose extract for 8
weeks :

Magnification x 400
Stain---H& E
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Fig. 4g: Photomicrograph of the seminal vesicle of control rat after 8 weeks reversal
period "
Magnification x 400 !
Stain---H&E T
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Fig. 4h: Photomicrograph of the seminal vesicle of rat with low dose extract after 8
week reversal period. ‘
Magnification x 400
Stain---H & E
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Fig. 4i: Photomicrograph of the seminal vesicle of rat with high dose extract afier 8
weeks reversal period
Magnification x 400
Stain--H& E
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Fig. 5a: Photomicrograph of the liver of contro! rat for 4 weeks.
Magnification x 400
Stain ---H& E
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Fig. 5b: Photomicrograph of the liver of rat given low dose extract for 4 weeks
Magnification x 400 \
Stan---H&E :
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Fig. 5¢: Photomicrograph of the liver of rat given high dose extract for 4 weeks
Magnification x 400
Stain ---H& E
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Fig. 5d: Photomicrograph of the liver of the corjtrol rat for 8 weeks.
Magnification x 400
Stain ---H & E
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Fig. Se: Photomicrograph of the liver of rat given low dose extract for 8 weeks
"~ Magnification x 400 '
Stan---H& E
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Fig. 5f. Photomicrograph of the liver of rat glven high dose extract for 8 weeks
' Magnification x 400
Stain---H&E
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Fig. 5g: Photomicrograph of the liver of control rat after 8 weeks reversal period
Magnification x 400 :
Stain---H& E
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Fig. 5h: Photomicrograph of the liver of rat with low dose extract after 8 weeks
reversal period. '
Magnification x 400
Stain---H & E
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Fig. 5i: Photomicrograph of the liver of rat with hlgh dose extract after 8 weeks
reversal period.
Magnification x 400
Stain --H& E
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Fig. 6a: Photomicrograph of the kidney of control rat for 4 weeks.
Magnification x 400
Stain -—-H & E
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Fig. 6b: Photomicrograph of the kidney of rat given low dose extract for 4 weeks
Magnification x 400
Stain--H & E
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Fig. 6¢: Photomicrograph of the kidney of rat given the high dose extract for 4
weeks .

Magnification x 400 .i
Stain---H& E
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Fig. 6d: Photomicrograph of the kidney of control rat for 8 weeks.
Magnification x 400 '
Stan---H & E
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Fig. 6e: Photomicrograph of the kidney of rat given low dose extract for 8 weeks
Magnification x 400
Stain---H & E
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Fig. 6f: Photomicrograph of the kidney of rat given high dose extract for 8 weeks
_Magnification x 400
Stain---H&E
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Fig. 6g: Photomicrograph of the kidney of the control rat after 8 weeks reversal
period
Magnification x 400 :
Stain ---H & E
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Fig. 6h: Photomicrograph of the kidney of rat with low dose extract after 8 weeks
reversal period.
Magnification x 400
Stain --H & E
.
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Fig. 6i: Photomicrograph of the kidney of rat with high dose extract after 8 weeks
reversal period ‘
Magnification x 400
Stan--H&E
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Table 1

The Mean Serum Peripheral Testosterone Concentration of Control and

Experimental Rats (mg/ml).
Duration Control Low Dose High Dose
4 weeks group 1.2+0.14° 0.9+0.14° 0.85+0.07°
8 woeks group 11012 03+028° | 025%007°
Reversal group (8| 1.1+0.12 0.72£019° | 028<007°
weeks after},
a=mean+SD b

Tahle 2

=P <0.05

Fertility Data of Female Rats Mated With’ Experimental Rats afier 8 Weeks of

Treatment

_ Parameters Control - Low Dose High Dese
No. of mated rats 5 5 5
No. of Impregnated rats 4 0 0
Mean No. of Fetuses 7+£0.2° 0 0

a=mean + SD

*P < 0.05 significant
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Table 3

. _

! Effect of the Bark Extract on Body and Testicular Weight of Sprague-Dawley Rats
at the End of 4 Weeks ‘I

Control Low Dose High Dose
Initial body weight | 112.5% 11.3° 1386%82 1623 %56
Final body weight 160.0 + 20.2 196.0 % 7. 1 2020+ 438
Weight difference 475+34.6 574+ 4.9? 39.7+49°
Weight of testis 1.0x£0 0.9+ 0_1"; 083203
a =mean+S8. D b = P<0.05

=

N Table 4
Effect of Bark Extract on Body and Testicular Weight of Sprague-Dawley Rats at
the End of 8 Weeks .

Control Low bose High Dose
Initial body weight | 11252113 138.6':;!: 82 1623 5.6
Final body weight 153.0+308 1700255 189.0+27.9
Weight difference 405+185 314£164° 267151
Weight of testis 10+0 074014 074014
:
a =mean+SD b =P<005 |
/"..,9?
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BODY AND ORGAN WEIGHTS: The averages of body and testicular weights are
preset:lted in Table 3 & 4. Administration of Carica papaya bark did not result in a
significant reduction in their body or testicular \;'veights at the end of 4 weeks. At the
end of 8 weeks while there was no signjﬁcént difference in body weights, a
statistical difference in testiscular weight was' observed in Carica papaya bark
administered rats. (Tables 3 & 4). However, there was also a reduction observed in
the size of the accessory organs {prostate, epididjémis and seminal vesicle).
TESTOSTERONE ASSAY RESULT:

There was a significant decrease in the peripheral ‘festosterone leve! in both low and
high dose groups treated with Carica papaya bark extract for 4 and 8 weeks when
compared with the control group. However, the Zreduction was more pronounced
with the high than the low dose group in all cases. For the low dose group for 4
weeks, the serum testosterone level fell from 1.20 + 0.14 to 0.90 £ 0.14 mg/ml and
for the high dose regime the serum testosterone level fell from 1.20+ 0.14 to 0.85 +
0.07 mg/ml. For the 8 weeks treatment, a more pronounced effect was observed.
From 1.10 + 0.12 to 0.30 + 0.28 at low dose; and 1.10 £ 0.12 to 0.25 + 0.07 mg/m]
at high dose (Table 1). The serum testosterone con;:entration of the reversal group
was more pronounced with the low dose extract reversal group than the high dose
extract reversal group. At a low dose treatment with ‘extract, the serum testosterone

level reversed from 0.30 £ 0.28 to 0.72 + 0.19 and at the higher dose the reversal
was from 0.25 + 0.07 to 0.28 + 0.07 mg/ml. |

FERTILITY TEST RESULT: - None of the experi_mental male rats was able to
fertilize the females exposed to them despite successfiil mating demonstrated by the

presence of sperm plug (Table 2).
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REVERSIBILITY TEST RESULT: There was a significant reversal in the
testosterone concentration of the rats in the ]ow’dose group than in the high dose
group indicating that the damage done to the testes was minimal(Table 1). The
reversal effect on the histology of the epididymis, prostate and the seminal vesicle
were not very evident but for liver and kidney, ﬁlere were significant reversibility
effect for the low dose group than for the high do,se group.(Figs 1 — 6 g h and i)

PHYTOCHEMICAL SCREENING: The following active constituents were
tested for alkaloids, flavonoids, tannins, cardiac glycosides, cyanogenic glvcosides,
anthraquinone glycosides, saponins, anthrocyan;osides (anthrocyanin pigment) and
reducing sugar. The results observed inferred tﬁat Carica papaya bark contains all

the constituents except cyanogenic glycosides and anthrocyanosides.

142



f‘r*

L

)

i
b,

TABLE §

EFFECTS OF CARICA PAPAYA BARK EXTRACT ON THE TUBULAR

DIAMETER OF THE SEMINIFEROUS TUBULES OF SPRAGUE-DAWLEY

RATS. (um)

DURATION CONTROL LOW DOSE HIGH DOSE
4 WEEKS 215.6% 1.66° 183.62 8.0 1520%774
8 WEEKS 198.0% 6.50 1732297 14734165
REVERSAL 1888294 160.3 % 9.0 14591 5.3°

a =mean+S. D b = P<0.05
|
TABLE 6 :

EFFECTS OF CARICA PAPAYA BARK EXTRACT ON THE TESTICULAR

VOLUME OF THE MALE SPRAGUE DAWLEY RATS (mls).

’

DURATION CONTROL LOW DOSE HIGH DOSE

4 WEEKS 1.0%0.10° 092049 082035

8 WEEKS 1.0%0.10 0.7<024° . 075024 .
REVERSAL 0.9+ 049 09+049 07+024

a =mean+S.D b = P<0.05 ‘
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TABLE 7

EFFECTS OF CARICA PAPAY A BARK EXTRACT ON THE CROSS
SECTIONAL AREA OF THE SEMINIFEROUS TUBULE OF THE SPRAGUE-
DAWLEY RATS. (X 10° um?)

DURATION CONTROL LOW DOSE HIGH DOSE
4 WEEKS 36.51 % 6.56° 2647 £ 462 17.04 £ 466
8 WEEKS 30795834 23.56 £ 7.40 1506 422
REVERSAL 20.03+2.42 18.42 + 1 80° 16.53 +1.20
a =mean=+S. D b P<0.05

TABLE 8

EFFECTS OF CARICA PAPAYA BARK EXT RACT ON THE NUMBER OF
PROFILES OF SEMINIFEROUS TUBULES PER UNIT AREA OF TESTIS.

(X107 pm )
DURATION CONTROL LOW DOSE HIGH DOSE
4 WEEKS 121 £2.03° 1302263 34361
8 WEEKS 144+339 1504438 1995623
REVERSAL 182308 24.91 6.80 301<118
a  =mean+S8.D b = P<005
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TABLE 9

EFFECTS OF CARICA PAPAYA BARK EXTRACT ON THE NUMERICAL |
DENSITY OF THE SEMINIFEROUS TUBULES OF THE SPRAGUE-DAWLEY
RATS .(X 107 um™)

DURATION ___ | CONTROL LOW DOSE HIGH DOSE
4 WEEKS —[s50=938 68.9+104 972+757

8 WEEKS 709 +8.53 89.3+8.24 130.7+ 1643
REVERSAL 185+ 2.05 185+ 130 19.9%120°

a =mean=S. D b = P<0.05

TABLE 10

EFFECTS OF CARICA PAPAYA BARK EXTRACT ON THE LENGTH DENSITY
OF THE SEMINIFEROUS TUBULE OF SPRAGUE-DAWLEY RATS.(X10™%um).

DURATION CONTROL LOW DOSE HIGH DOSE
4AWEEKS 242 %203 260+ 2.63° 26.8 £ 3.61
8 WEEKS 288+ 339 31.8+ 438 3908%632
REVERSAL 30.4+27.0 498 + ;3.86 602+ 232

a  =mean+S.D b = P<005
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TABLE 11

FFECTS OF CARICA PAPAYA BARK EXTRACT ON THE VOLUME DENSITY
OF THE SEMINIFEROUS TUBULES OF SPRAGUE DAWELY RATS (%)

DURATION CONTROL LOW DOSE HIGH DOSE
4 WEEKS TYFTRL 768525 8762 16

8 WEEKS TI4%06 78.6+3.4 812207
REVERSAL G81L17 643215 625+23

a =mean+8S.D b P<0.05

TABLE 12

EFFECTS OF CARICA PAPAYA BARK EXTRACT ON THE VOLUME
DENSITY OF THE TESTICULAR INTERSTICIUM OF THE SPRAGUE-

LY
€5

DAWLEY RATS (%).
DURATION CONTROL LOW DOSE HIGH DOSE
4 WEEKS 774£1.2° 232215 124216

8 WEEKS 286+ 28 214£32 188+ 1.5°
REVERSAL 319+ 18 35.7+25 3754 3.6

a =meaxliS.D b P<0.05
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TABLE 13

EFFECTS OF CARICA PAPAYA BARK EXTRACT ON THE STAR VOLUME OF
THE SEMINIFEROUS TUBULES OF SPRAGUE DAWLEY RATS. (X 10%)

DURATION CONTROL LOW DOSE HIGH DOSE
4 WEEKS 10.50 + 0.22* 648+ 0.19 246+0.17

8 WEEKS 8.13 + 021 544 £0.15 335+012°
REVERSAL 1276 £ 4.3 23.48 % 4.80 32.06 £ 3.50
a =mean+S. D b

= P<005.
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STEREOLOGICAL ANALYSIS RESULT

The diameters of the seminiferous tubules revealed differences between controls and
Carica papaya treated rats. Some tubules presented a (iistoned shape which made it
difficult to take the measurement. Consequently Bn'ly circular profiles were
considered in each proup, as suggested by Teerds et al. (1989) and Mistro ef al,
(1992). The possibility tht some tissue shrinkage occﬁrred as a result of the fixation
can not be discounted. However all tissues were treatEd under the same condition of
fixation, embedding and sectioning, It is believed the':refore that the differences were
most likely due to the different treatments used in the study.

TUBULAR DIAMETER: There was a dose-dependent and duration-dependent
reduction in the tubular diameter of the experimentai rais from 2156 £1.66v. 183.6
+8.0v. 1529 + 27 4 for the 4 weeks group and frd:m 1980+ 650 v. 173297 v.
1473 £ 16.5 for the 8 weeks group compared wnth the control. The reversal also
showed a dose-dependent decrease in the tubular d'iamet‘er from 188.8 £ 94 v. 160.3
+9.0v. 145.9 £ 5.3 compared with the control (Tz'i'ble 5).

TESTICULAR VOLUME: Although there was a dose-dependent reduction in the
testicular volume of the experimental rats from 10 £ 0.1 v. 0.9 + 0.49 v. 0.8 £ 0.35
for the 4 weeks group and from 1.0+ 0.1 v. 0.7 +0.24 v. 0.7 = 0.24 for the 8 weeks
group compared with the control. The reduction was however not significantly
different. For the reversal group, the testicular v_(’;lume was not significantly different
(Table 6).

CROSS SECTIONAL AREA OF THE SESMINIFEROUS TUBULES: There
was a dose and duration dependant reducﬁoﬁ of the cross sectional area of the
semniniferous tubules of the experimental rats .;from 36.51 £ 6.56 v, 26.47 £ 4.62 v.

17.04 % 4.66 for the 4 weeks group and from 30.79 = 834 v. 23.56 + 7.40 v 15.06
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+ 4.22 for the 8 weeks group. There was a decrease ﬁom_-20.03 +20v. 1842+£18
v. 16.53 + 1.2 with the reversal group compared with the 'c':omTol (Table 7).
NUMBERS OF PROFILES OF SEMINIFEROUS TUBULES PER UNIT
AREA OF TESTIS: The experimental rats showed an increase in the number of
profiles per unit area from 12.1 + 2.03 v. 13.0 + 2.63 v.' 13.4 £ 3.61 for the 4 weeks
group and from 14.4 + 339 v. 15.9 + 4.38 v. 19.9 + 6.23 for the 8§ weeks group
compared with the control. The increase was dose and duration dependent. The
reversal group also showed an increase from 18.2 + 3.08 v. 24.9 £ 6.80 v. 30.1 £
11.8 (Table 8). _'

NUMERICAL DENSITY OF THE SEMINIFERbUs TUBULES: There was an
increase in the numerical density of the semjnjferoué tubules of the Sprague-Dawley
rats. The 4 weeks group increased from 55.0 + 938 v. 689 + 104 v. 97.2 £ 7.57.
While the 8 weeks group increased from 70.9+ 8.53 v. 9.3 + 8.24v.130.7+ 1643,
The increase was found to be dose and duration dependent. In the reversal group,
there was increase from 18.5 + 2.05 to 18.6 + 130 to 19.9 + 1.2 compared with the
control (Table 9)

LENGTH DENSITY OF THE SEM]NIFE&OUS TUBULES: There was an
increase in the length density of the seminiferous tubules of the Sprague Dawley rats
for the experimental groups. For the 4 weeks group the increase was from 24.2 +
2.03v.26.0+2.63 v. 26.8 + 3.61 and for the 8 ‘weeks group was from 28.8+3.39 v.
31.8 £ 4.38 v. 39.8 £+ 6.23. This was found to, be dose and duration dependent. The
reversal group also showed an increase in the length density from 30.4 + 270 v.
498 +886v.602+232 (Table 10).

VOLUME DENSITY OF SEMINIFERO?JS TUBULES: There was an increase

in the volume density of the seminiferous tubules of the experimental rats from 72.6
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£21%v. 76.8 £2.5% v. 87.6 + 1.6% for the 4 weeks group, from 71.4 £ 0.6 v.78.6
=34 v 812 % 0.7 for the 8 weeks group and a décrease observed for the reversal
group. from68.1+1.7v.64.3+1.5v.62.5+ 2.3 (Table 11).

VOLUME DENSITY OF THE TESTICULAR tNTERSTIClUM: There was a
decrease in the volume density of the interstisium from27.4+12v.232+15v.
12.4 + 1.6 for tﬁe 4 weeks group and from 28.6 +28v. 214+ 32 v 188+ 1.5 for
the 8 weeks group. For the reversal group, there was an increase from 319+ 1.8 v.
35.7£2.5 v, 37.5 + 3.6 (Table 12). |

STAR VOLUME OF THE SEMINIFEROUS TUBULES There was a reduction
from 1050 + 022 v. 648 £ 0.19 v. 246 = 0 17 in the star volume of the
experimental rats for 4 weeks and from 8.13 £ 021 v. 544+ 015 v. 3.35+ 0.12 for
8 weeks group bompared with the control. The re;ersal group showed an increase

from 1276 £ 43 v. 2348 +48v. 32.06 +3.5 compared with the control (Table 13).
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DISCUSSION

The study was designed to demonstrate the effect of Carica papaya on
seminiferous tubular morphology. The morphometric evaluation, in turn provided an
excellent framework in which to study the seminiferous tubules of the testis under
experimental conditions. Evaluating these two param;aters, the morphology and
morphometry, may have further implications m the understanding of
spermatogenesis in mammals which is under testosterone conirol. Further more it
might up new approaches to the development of | a safe, easily affordable
contraceptive agent. No significant reduction in body weights was observed in any
group during the tregtment; which suggests that the animals were not significantly
affected by any treatment and were considered healthy f(:)r the study.

Seminiferous tubules exhibited varying degrees of damaged in all testes of
males exposed to the bark of Carica papaya. The res:J]ts from this present study
demonstrated that the aqueous extract of Carica papaya bark have adverse effects
on spermatogenesis when given at high doses. The semiiniferous tubules of the rats
treated with low dose concentration of the extract for 4 weeks showed slight
significant histological changes compared with the controls. At high dose
concentrationé of the extract; the spermatogenic damage was disorganization in
some of the seminiferous tubules accompanied by arrest of spermatogenesis beyond
the level of spermatocytes. The damage was most severe in the 8 weeks group
occurring in all Carica papaya bark administered testes and involving the widening
of the lumen of the tubules. These observations suggest that the administration of the
bark of Carica papé}u caused degeneration of the ge;1nina] epithelium and germ

cells, and the presence of vacuoles in the tubules (Chin'oy and George, 1983; Udoh

and Kehinde, 1999; Pathak er al., 2000). The present study also emphasized that a
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major histélogicai change in response to Carica papuyu bark administration was
germ cell sloughing. Such change was observed in pfevious studies but was not
stressed, probably due to the lack of reliable quantitaiivé data (Lohiya et al 2000).

The germinal epithelium of the testes producés sperm cells whereas the
interstices have Leydig cells that are responsible for the production of testosterone
required by the seminiferous tubules for cell maturation and function. Therefore,
toxins acting on the germinal epithelium and seminiferous tubule interstices will
have a direct or indirect effect on semen 'paramet,érs resulting in azospermia.
Azoospermia could also result from selective action of the extract on the developing
cells. Sertoli cells play an important role in germ cell maturation but are highly
susceptible to extraneous damage. This could lead toj'lcytop]asmic vacuolation, loss
of cytoplasmic organelles in the Sertoli cells and arrest of maturation and
degeneration of germ cells. It is not clear how thé extract brings about sperm
motility inhibition/arrest in animals. Earlier studies have attributed it to (1)
estrogenic properties (2) androgenic properties (3) anti-androgenic properties.
(Lohiya er a/ 2000). ‘

The resuits from the serum testosterone level obtained suggest that Carica
papaya functions as a contraceptive by suppressing secretion of the piuitary
gonadotrophins i.e. LH and FSH (Amory and Bremmer, 1998; Udoh and Kehinde,
1999 and Lohiya ef al., 2000). Low levels of these hormones decrease endogenous
testosterone secretion from the testis and deprive developing sperm of the signal
required for normal maturation. Interference wifh sperm maturation causes a
decrease in sperm production and can lead to revefsible infertility, thereby raising
the possibility that Carica papaya bark could be utilized as a commercially available

contraceptive that suppresses gonadotrophin levels in normal men. It is also a

3
1
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promising re\lrersible contraceptive that induces azoospermia in approx 70% of
subjects and oligospermia in the remainder (Zhengwei er al., 1998). Furthermore, it
could act directly by interfering with testosterone production from Leydig cells,
hence resulting in low level of testosterone. Since testosterone controls the
development of the epididymis and the seminal vesicle by controlling the activity of
the seminal vesicle columnar and basal cells where fructogenesis takes place, low
levels of testosterone may lead to epididymal dysfunction (Cunningham and Huckin,
1978).

The present study illustrates the principle of non-hormonal male
contraceptives and gives an overview of current trials on Carica papaya aimed at
the development of a2 marketable hormonal oontracei:tive for men. The principie of
non-hormonal contraceptive is based on strong suppression of gonadotrophins in
order to arrest spermatogenesis at the spermatogenié stem cell level, thus leading to
azoospermia or severe oligospermia. Until now, it has not been possible to interrupt
spermatogenesis effectively without simultaneously inhibiting the production of
androgen from Leydig cells, resulting in a deficiency in extra testicular androgens.

The study also suggests that Carica papaya is a safe, reliable and reversible
contraceptive based on the rate, extent and predictors of reversibility of male
contraception. Non-hormonal male contraceptive regimes show full reversibility
with a predictable time course. These data are crucial for the further safe and
practical development of such regimes.

Heavy consumption of Carica papaya bark could cause impaired seminal and
prostate function as revealed by histological analysis. The extensive necrosis of the
epithelial lining and the epithelia cells could result in mmpairment of the functioning

of these organs aithough the biochemical parameters were not measured. The
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significant decrease in viable germ cells within ﬂ1e epididymis with fibrinoid
exudates suggests a resultant decrease in fertility. This could provide evidence of a
deleterious effect of the extract on the epididymis. The inability of the male rats to
fertilize normal females exposed to them agrees with the findings of previous
investigators who reported reduced fertility and in gome cases complete infertility.
The decrease in the weight of the accessory sex organs is caused by the extract
adminjstration is probably the result of the decrease& secretory activity supported by
histological analysis. This strong inhibitory effect results in reduced availability of
androgens (Jarow ef al, 2001).

i

The discoloration of the liver of the experimental rats in the high dose
treatment shows that the active ingredients of th;a extract though effective as a
sterility-inducing agent, possess hepatotoxic properties at high doses. Further studies
would be required to determine if oleanolic g]ycoside is the ingredient responsible
for steri]ify in Spraque-Dawley rats (Das, 1980). Isolating and studving the active
ingredients separately can reveal whether or not 1}'1e other active ingredienis have
simila.r effects or whether they act in unison or in cdmbination with one another.

The edematous glomeruli vascular congestion and coagulative necrosis seen
in the kidney after 4 weeks of treatment with ]0“-, and high doses of the extracts
suggests impairment in the glomeruli function, wﬁich can eventually Jead to renal
failure. This C. papaya-induced form of acute ‘renal failure represents a dual
mechanism of impact on the renal function involviillg direct parenchymal damage at
arenal papillary level and a mechanical out flow of ureteric obstruction consequent

to acute papillary necrosis (Akinola et al., 2003).
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MORPHOMETRIC CORRELLATION

In the literature, several quantitative studies of seminiferous tubules in the
testis have been reported and these results have been recognized as sensitive
parameters of toxic response (Wreford 1995, Simorangkir et al., 1997). Most of
these quantative studies have used assumption based methods that may confound the
conclusion. The estimation of numerical density in eaxliér studies have been made
from two-dimentional images and are potentially biased, 'because the probability that
the profile in question appears in a section is related to its size, shape and the
orientation of the tissue (West and Gundersen, 1990). Also in previous studies the
seminiferous tubule diameter was estimated without considering the orientation of
the structure of the shrinkage of the tissues. In }he present study, a proper
(systematic) uniform random sampling was carried out on vertical sections hence all
parts under consideration had an equal probability of being sampled.

The morphometric analysis of the effect of Carica papaya bark extract on
the seminiferous tubules (Tables 5 - 13) is in agreement with the histological result
observed on the testis (Figures 1a - 1i). The study demonstrated a dose and duration
dependent decrease in the mean testicular volume, tubular diameter, cross sectional
area and star volume of tubules; but an increase in the length density, numerical
density, no of profiles per unit area and volume denstty of tubules.

A reduction in seminiferous tubule star volume can be interpreted in several
ways. For instance, it might signify that certain seminiferous tubules are smaller
(thinner or shorter) or that all tubules are smaller (1.e. each tubule is simply scaled
down in size) or that the coiled pattern is different. There is morphometric evidence
that the total length of tubule is reduced by administration of Carica papaya bark

and this seems to affect many tubules. This impoverished linear growth could
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produce the drop m star volume seen in the present study. I-ibwéver, the possibility
cannot be excluded that all tubules are reduced in size. In assessing the scale of
tubular reduction, it would be imprudent to draw firm cc?.nclusion by regarding star
volumes as summative units of space because they are, in reality locally defined,
point-sampled regions of arbitrary space. Therefore, dividing total volumes by star
volumes merely indicates the theoretical numbers of star volume which can be
contained i.n total volume. However, such numbers do give an idea of the impact of
tubular shrinkage on tubular number and size. The nm:n'ber rose between 4 and 8
weeks. Imagine tubular star volume as the volume through which spermatogenic
cells travel to reach the rete testis, if its progress in all possible direction was
rectilinear. This volume would depend on not only the total volume of tubular space
which itself varies due to episodic flow but also the number of Sertoli cells which
project into it. The star volume of tubules is therefore determined by length,
diameter, curvature and incidence of Sertoli-Sertoli cell bridges. Star volume is a
volume-weighted mean average and therefore highly sensitive to seminiferéus
tubular size distribution. However gross volume is a I'fesult of parameters which are
independent of tubular size distribution. Thus the d'cl:ta may suggest that only the
gross volume summarises the data on total testiculﬁr volume while star volume
indicates that by the 4™ week following administratior'; of Carica papaya bark, there
are many significant small seminiferous tubules. Thus the size decrease and tubular
cellular changes suggest that the small tubules represent tubular reduction in size.

The use of star volume to determine the size of seminiferous tubules has
advantages and disadvantages. Although providing'a useful way of realizing the
concep.t of inter-Sertoli-Sertoli cell spaces and thé adluminal compartment, star

volume is a statistically noisy variable. Noisiness of these estimates stem from the
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fact th;I the adluminal compartment is a point-sar;lpled local region of arbitrary
space. Therefore the star volume depends on a variety of factors including the
number, size, and arrangement of Sertoli cells in, the seminiferous tubules. The
rational for measuring star volume is that this variable is influenced more directly by
differences in total tubular area By focusing on 1t}‘le relationship between tubular
surface area and volume the relevance to issues associated with transport in the
tubules is more obvious. Unfortunately like volume;weighted mean volume, the star
volume is a noisy variable. Present results suggest that it may be even nosier and so
its application in future studies will need to baiance this precision against the
potential benefiis of being able to characterize tubular size more comprehensively. It
usefulness lies in providing a direct and unbiased estimate of volume which has a
strict mathematical definition. For the tubules the star volume will be less than the
total volume. The number of seminiferous tubules might also alter. A 25% decrease
in tubular volume would correspond to a roughly 10% reduction in linear
dimensions if all overall size altered isomoxphica]lﬁr. Results obtained in the present
study showed that tubular length actually decreased between 40 to 80 % suggesting
that there was an overall decrease in tubular lengt@. This may also reflect the stunted
growth of tubules. This suggestion may represent a general reduction in the
proportion of parenchymal tissues which is suppor?ed by volumetric analyses.

In terms of tubular function, volume and surface area are influential in
determining production and transport of spermatogenic cells whilst the total volume
influences supply. However other factors are clearly important. These include
number of spermatogenic cells in the basal compartment, the Sertoli-Sertoli cell
barrier which determines the number of cells in thie adluminal compartment. It is not

possible to predict the likely consequences of these changed geometric relationships
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on tubular spérm production or flow because the presentl};lorphometric data form
only part of the complete picture. The increase in the volume density of the
seminiferous tubules despite a reduction in the diameter of the tubules only suggest
that the there was a significant reduction in the intersticium due to the destruction of
the Leydig cells. These cells are responsible for the production of testosterone. The
size of the testicular intersticium normally correlates positively with the number of
Leydig cells, which in turn correlates positively with the germ and testicular level of
testosterone (Castro et al., 2002).

For the reversal group, the parameters remained reversed for the 4 weeks
group and remained the same for the 8 weeks gro:up showing an evidence of
substantial recovery.

THE ANDROGEN - DEPRIVED EFFECT

This 1s an indication of low androgen concentration and Levdig cell -
derived factors necessary for normal development of germinal epithelium, hence
resulting in disruption of the process of spermatogenesis. The mechanism of action
of the testicular suppression by Carica papaya bark extract is not well understood.
Previous studies have shown that Carica papaya sepd has an anti-spermatogenic
properties and a number of plant ~ derived spermicides are triterpene saponins of
several structural types, flavonoids and phenol compounds (Lohiya ef al, 2000;
Famsworth and Waller, 1982). The aqueous extract of the seed also manifested an
androgen deprived effect on the target organs which’]ed to slight alteration in the
histoarchitecture and weight of the reproductive organs, mainly the caudal or distal
vas deference (Chinoy and George, 1983). The chlorloform extract of the seed was
reported to be mainly post testicular in nature without influencing the toxicological

profile and the libido of the animals (Lohiya and. Goyal, 1992). These studies
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showed ;i gnificant degradation in primary spermatocytes and elongating spermatids.
This is very intriguing as these cell types are also the ones that show increased
sensitivity to testosterone withdrawal. Thus one may speculate that papaya some
how interferes with either the production of testosterone or the ability of testosterone
to regulate Sertoli cell function and thus spermatogenesis. Two possible mechanisms
can be useq to explain how this occurs. First there is .evidence showing that papaya
causes the release of catecholamine, epinephriﬁe and nor-epinephrine, from alpha
adrenergic receptor. Since catecolamines are known to induce gonadal inhibition, it
has been suggested that they interfere with production of testosterone (Favaretto et
al., 1998).

Recent studies aiso give further evidence to this concept suggesting that mice
possessing high level of norepinephrine are less efficient in their ability to convert
17-OH- progesterone to testosterone (Santamaria ef al, 1995). The second
mechanism by which papaya may interfere with the production of testosterone is
more direct. Instead of causing inhibitory substance as cathecolamines, it has been
specui'ated that a combination of enzymes, alkaloidé and other substances contained
in Cafica papaya may themselves inhibit testosterone production. The result of the
present study together with known effects of andrégen on LH release suggest that
the reduction in the size of seminiferous tubules in the rats given both low and high
doses of Carica papaya bark extract was due to reduction in androgen production

from the Leydig cells.
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CONCLUSION ON WORK DONE

1. The aqueous extract of Carica papaya bark is an antifertility agent at low
dose and at short term, but when used at high doses or for a longer period,
the sterility becomes irreversible. None of 'th;a experimental male rats was
able to fertilize the females exposed to them despite successful mating
demonstrated by the presence of sperm plug.

2. The Iextracts also significantly affect the acceSsory organs, liver and kidney
at high doses. This toxicity is however dose-dependent

3. Carica papaya significanily decreases peﬁp};era] testosterone level in both
low and high dose groups.

4. .Carica papaya bark contains alkaloids, flavonoids, tannins, cardiac
glycosides, cyanogenic glycosides, anthraquinone glycosides, saponins,
anthrocyanosides (anthrocyanin pigment) and reducing sugar except
cvanogenic glycosides and anthrocyanosides.’

5. There was a significant reversal in the testosterone concentration of the rats in
the Jow dose group than in the high dose groub indicating that damage done to
the testes in the low dose group was minimal.

6. The administration of the extract reduces .the total length of the tubules
thereby producing a drop in the star volume . The effect is more pronounced

for the low dose than in the high dose.
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1)
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3)
D

1

Men and women have long been promised a male version of the
female contraceptive pill. This study suggests that this new male
contraceptive to market may not be hormonal. Carica papaya
promises to be a novel non- hormonal contraceptive that does not

have the side effects of hormonal methods.

The contraceptive property of Carica papaya is long-term, reversible,

without hormonal side effects.

Carica papaya at low doses tested on vital organs such as kidney and

liver, found it had no harmful side effects.

The reversal of contraceptive effect su;ggests that it is safe to use this

coniraceptive.

Males may finally have access to contraceptive options beyond

condoms sand vasectomies.
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Appendirx 1

Dear Prof Okanlawon, ;
Further to your queries, please note that the more esoteric stereological quantities and
estimators are likely to be of restricted utility in comparison to the more widely-known (and
used) estimators like relative and absolute volumes, surface areas, lengths and numbers.
The latter also tend to be easier to interpret in terms of functional relevance.

If you have a number of items {N) which vary in volume, then the usual way in which we
estimate mean volume is to divide the sum of their volumes by N. This is conveniently
known as a number-weighted mean volume because it relies on determining the mean for a
sample of items which are selected with equal probability. However, there may be
circumstances in which we would like to sample items with probabilities dependent on their
size rather than mere presence. For example, if | was interested in moving a heavy piece of
furniture, 1 might want to select individuals out of a population with probabilities related

to their individual body mass. The mean volume of individuals selected in this fashion would
be weighted towards the biggest individuals and can be thought of as a mass-weighted
mean volume. The practical utility of selecting biological particles (e.g. nuclei) with
probabilities governed by their sizes {i.e. volumes) is that we can derive a volume-weighted
mean volume and this is refated to the number-weighted mean volume by nothing more
than the coefficient of variation of the frequency distribution of particle volumes. Cancer-
dependent changes in cells usually involve changes in nuctear ploidy levels which

influence nuclear volumes and their frequency distributions. Consequently, by monitoring
volume-weighted mean volumes we can get a quantity which depends both on number-
weighted volumes AND their distributions. Variations allow diameter-weighted means,

surface-weighted means and so on.

Star voiume is a convenient way of estimating the sizes of arbitrary spaces (e.g. the
intervillous spaces in human placentas). If | have a convex object, e.g. a sphere, and | place
a pointike light source (a 'star’) inside it, then the light from that point will illuminate the
whole of the interior of that object. In this case, the st.'ar volume will correspond to the
conventional volume of the sphere. But now imagine a sphere which contains a smaller
sphere. A ‘star' inside the larger sphere which does not also lie inside the smaller sphere will
now illuminate only part of the volume of the larger sphere because the small sphere will
cbscure parts of its interior. The space illuminated is a star volume and, by randomly
locating the 'star’ inside the larger sphere, we can take the average of all the resulting star
volumes. This value will, of course, be smaller than the volume of the large sphere.
However, its usefulness is that it defines exactly an arbitrary volume with a strict definition.
Moreaver, this arbitrary volume can be estimated stereologically by randomly superimposing
test lattice points on sections and measuring distances from the points to the object border
in randomised directions. Since points hit objects with probabilities determined by object

_ volume, the star volumes may be volume-weighted.

I hope this helps.

Professor Terry M Mayhew

School of Biomedical Sciences

Centre for integrated Systems Biology & Medicine {CISBM)
Room E15, Floor E

The Medical School

Queens Medical Centre

University of Nottingham

Nottingham NG 7 2UH, UK.

Tel +115 823 0132
Fax: +115 823 0142
Ermail: terry. mayhew@nottingham.ac.uk
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Appendix 2

MEAN INTERCEPT LENGTH: An "intercept” in this case is a boundary
between two phases (such as, say, bone and soft tissue). The mean
intercept length is the mean distance between boundaries along a
line

projected in a certain direction. If you ;nvision a row of vertical
rods, the mean intercept length in the horizontal direction
corrgsponds to the average of the rod thickness and distance between
rods (as there will be an interface crossgd every time the line
enters and leaves a rod). At progressiveiy higher (more vertical)
angles,” the mean intercept length rises,,és the distance between
interfaces increases by a factor of 1/cos(theta). In the vertical
directio;, the mean intercept length is either undefined (if no red
is inte{sected) or equal to the rod lengfh (if you only measure
inside ;he rod).

The measurement is made by measuring theé mean intercept length along
many lines in many orientations. F

STAR LéNGTH DISTRIBUTION: This measurement is similar to the mean
intercept length, except (1) we only start measuring in the material
of interest {for example, only in bone) and {2) we only measure to
the first intercept in each direction from the starting peint. This
measurement thus summarizes the mean thickness of a phase along a

given direction.

The measurement is made by randomly placing peints in the material
of '

interest and measuring in multiple directions from each peint. The
set of lines emanating from a singleipoint resembles a star.

STAR VOLUME DISTRIBUTION: This measurement is made in the same way
as

the star length distribution, only in this case we take the cube of

each length measurement {see equatidn 1 from the paper), to convert
1

190




o

k-

-
P

each line intoc a cone. As a resulrt,

this measurement summarizes the

mean volume along a given direction, rathet than length.

I hope this has been helpful.
¥
Best wishes,

Richard Ketcham
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