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Abstract
In most African communities, failure to lactate, like failure to ovulate, means failure to
reproduce. Thus plant extracts are being used by African women to induce or stimulate
milkproduction.
An ethnobotanical survey has been carried out in the northern, central, eastern and
southern parts ofBurkina Faso.Intotal 79informants (healers and village elders) and 217
users from 22 villages were interviewed. This survey shows that the use of plants during
lactation is common and that the indigenous people have a remarkable knowledge of
species and their use as crude drugs.Ethnobotanical data on 90plant speciesbelonging to
40 families, including medical use and traditional practices, were collected. Agalactia is
the most common pathology after parturition, since 34% of the plants are used for
induction of lactation. This survey pointed out seven species including Pennisetum
americanum, Vitellaria paradoxa, Cadaba farinosa, Leptadenia hastata, Capsicum
frutescens, Crateva adansonii, Acacianiloticasspadansoniitobewidelyusedbywomen.
The first six species are commonly used inhuman alimentation, albeit the latter appeared
to be frequently used together with other plants for the treatment of a wide variety of
diseases. Despite the widespread use ofAcacia nilotica ssp adansonii in folk medicine,
littleisknownaboutitsactualpharmacological mechanism.
InviewofthetraditionalbeliefthatAcacianiloticasspadansonii(AN)canstimulate milk
production in lactating women, experiments were performed to determine the effect ofan
aqueous extract of AN on milk production in the rat. Female rats that received the AN
extract orally during their first lactation, produced about 59% more milk causing an
increase inpupgrowth comparedtothatincontrols (P<0.01).Prolactin (PRL) isknownto
stimulate milk synthesis and secretion. Experiments were performed in peri-pubertal and
adult virgin female rats to investigate the effect of AN on PRL synthesis and release. A
strong relation between AN administration and PRL release after "acute" and "chronic"
treatment has been observed in cycling female rats treated intravenously. PRL synthesis
wasalso stimulatedbyANextract inboth adult andperi-pubertal animals albeitthat inthe
latter group, estradiol-priming was needed for an efficient effect. The treatment with AN
extract results in increased lobulo-alveolar structure development, filled with basophilic
secretionsand suppression oftheterminal endbud development. ANextract stimulatesthe
mammary gland growth and differentiation from the least differentiated structures to fully
developed alveoli, showing active milk production. The mechanisms via which these
processes occurred havebeen investigated. Thetreatment withbromocriptine (CB154),an
agonist of dopamine significantly lowered pituitary- and plasma PRL levels compared to
controls. A significant increase of pituitary PRL was observed in the group with 3g
AN+CB154 as compared to CB154 alone although no significant change was found in
plasmaPRL.
These results indicate that the AN-extract actsby stimulating the synthesis and release of
PRL and probably other hormones, which in turn stimulate growth and differentiation of
the mammary gland. AN-extract may also act directly on the mammary gland by
stimulating the synthesis of milk components. Nevertheless further research is needed to
elucidate thepossiblemechanism ofactionofAN-extract.
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GENERALINTRODUCTION
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For a long time, human milk was the only food for young babies. Human newborns are
very immature at birth and thus totally dependent on their mother's milk for a varying
time thereafter. However, during the last decade, major changes have occurred in infant
feeding: from breast-feeding to bottle-feeding with either human milk or formulae based
on cow's milk. It is well-known that the milk of each species is a unique complex
secretion containing a large variety of components with special metabolic and nutritional
functions, as mimicked at least in part by the wide variety of "humanized formula milk"
on the market. Noticeably, it is widely accepted that breast-feeding is more than just
nutrition. Fortunately, this assertion is reinforced since 1992 by the recommendations of
theWHOandUNICEF for thepractice ofbreast-feeding, even indeveloped countries.
Recently, many aspects including prevention of infectious diseases and the increasing
amount of information about the importance of mother-infant interactions on the
psychology of the neonate have increased the necessity to reappraise the role of breastfeeding in both developed and developing countries (Wright & Schanler 2001, Filteau
2000, Ahiadeke 2000). Certainly, the benefits in terms of preventing the malnutritioninfection cycle are especially great in developing countries (Brown et al. 1989).
Consequently, the international policy (World Health Organization 1993) recommended
that all infants should be exclusively breast-fed, i.e. not given any other foods or liquids
including water for the first 4-6 months of life. Indeed, there is no doubt on the scientific
basis of the importance of breast-feeding (Filteau 2000, Goldman 1993,Anderson et al.
1999, Khin-Maung-U et al. 1985, and Sazawal et al. 1992). However, some apparently
controversial evidence exists regarding the applicability of such recommendation in
developing communities like in Africa, where breast-feeding is tightly linked with
traditional medicine.

African Traditional Medicine
"African Traditional Medicine is not only use of plants but also all the practices,
measures, ingredients and procedures of all kinds of materials or not, which from
centuries and centuries had enabled the African people to protect themselves against
disease,tocurethemselvesandtoalleviatetheirsufferings. "(WHO 1973).
Indeed, the use of natural products with therapeutic properties is as ancient as human
civilisation. For a long time, minerals, animals, and plant products were the main sources
of drugs. Although in developed countries, indigenous health care practices have been
replaced by modern medicine, in developing countries, these practices are still the way of
health carefor themajority ofthepopulation, albeit thatthesetendedtodeclineduring the
last few decades. However, an increased interest actually seems toreversethis trend. This
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trend reversal isbased onaneed for new drugs indeveloped countries and onthe fact that
many modern drugs arebeyond the reach of the majority of the population in developing
countries, such as Burkina Faso, West Africa. Unfortunately, traditional knowledge has
gradually changed. This alteration isduetothe fact thatthetransmission oftheknowledge
is essentially oral and that traditional healers often pass away without having had the
opportunity tohand downtheirknowledge, inadditiontotheprogressive disappearance of
useful plantscausedbydrought and deforestation.
Having thus noted the impact of traditional medicine on health care in Africa, the
necessity of officially integrating its activities into National Health Programmes is under
discussion inmostcountries.Anintegration ofthetwotypes ofmedicine canonlybemost
efficient when traditional medicine is well documented and the biological activities ofthe
plantsused areestablished. Thisraises anumberofquestions:
1- Whatistheindigenousknowledgeinmedicinalplantuse?
2- What arethetraditionalpractices and prescriptions?
3- Howmanypeoplehaveusedthese prescriptions?
4- Arethey efficient and safe?
5- What arethemechanisms ofaction?
One of the difficulties in answering these questions is that African traditional medicine
appears to rely on cultural aspects.These cultural aspects are based on the concept that 3
supernatural powers are at the origin of change in human well-being: The force of evil
(sorcery), the gods, and the spirits emanating from ancestors which can be good or evil.
Thebalance between good and evil spirits determines thehealth ofthe individual. Disease
is regarded as a punishment for bad behaviour. Evil spirits can be chased away or
appeased by certain procedures including the utilisation of certain plants. This is
particularly true as far as reproduction is concerned. Plants from various habitats are
traditionally used to stimulate libido and fertility, or to inhibit those during evil moon, to
protect pregnant women from the evil eye, to inhibit or stimulate milk production etc. In
the latter case, however, plant use during lactation has actually tended to decline due to
newrecommendations of the WHO (WHO 1992).Consequently, the significance ofplant
useduring lactationintheAfrican traditional communities mightbeworthreappraising.

Breast-feeding intheAfrican traditional community
In most African communities, failure to lactate, like failure to ovulate, means failure to
reproduce.Thus,breast-feeding impliesmorethanjustnutrition: itencompasses aspectsof
cultural, environmental, and psychosocial significance, operating between the mother and
thebaby aswellaswithinthe community.
The traditional belief is that the newborn is a reincarnation of one of the ancestors of the
family. The day, time, and conditions of birth are the indicators that will determine his
given name and his destiny. Furthermore, an infant looks neither like his father nor his
mother but resembles his grandfather or grandmother, particularly when the latter are
deceased. Therefore, infringement of traditional rules during pregnancy is considered the
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main cause of complications observed during parturition and leading to agalactia,
hypoglactia, or mastitis and sometimes to the "return" (i.e. the death) of the infant. Since
traditional medicine and breast-feeding are tightly interconnected, it is not surprising that
breast-feeding is based on the same concept that supernatural powers lie at the origin of
human well-being and that the newborn can be protected against evils by the
administration of certain plants together with certain procedures. This concept may
explain to some extent, that exclusive breast-feeding is rarely practiced in African
communities (Shirima et al. 2001, Senanayake et al. 1999) where herbal tea is usually
used during the first few days after birth. Indeed, maternal colostrum and milk have an
important function as protective agents against infections in addition to their nutritional
role. Early lack of maternal colostrum and milk in a sufficient quantity and quality might
consequently affect early infant well-being and development, of which the latter
determines its resistance against infections. Although 99% of the mothers are breastfeeding in Burkina Faso, as well as in most of the developing countries, infant morbidity
and mortality are still high. The confounding question is whether or not the high rate of
infant malnutrition is duetothe traditional practices or to insufficiencies in maternal milk
quality andquantity.
Indeed, health and nutrition are dramatically interconnected as evidenced by the
drastically limited food resources in developing countries. Therefore, maternal
malnutrition is thought to be the main, if not only, cause of infant feeding problems and
early childhood malnutrition. Some reports show, however, that maternal undernutrition
neither affected milk volume and energy levels (Rasmussen 1992, Perez-Escamilla et al.
1995,Gonzalez-Cossio etal. 1998)norimmunefactors (Mirandaetal.1983,Chang 1990,
Herias et al. 1993, Lonnerdal et al. 1976, Prentice et al. 1983, Filtteau et al. 1999b).
Reports on the relationship between maternal infection and lactational performance are
controversial. Someinvestigations didnot find any adverse effect ofmaternal infection on
milk quality and quantity (Zavaleta etal. 1995),while others reported adramatic decrease
of lactational performance (Filteau etal. 1999a,b; Willumsen et al.2000) associated with
a low weight gain of the child (Filteau et al. 1999b), albeit that the bacteria from breast
milk have been reported to be non-pathogenic for the infant. Onthe other hand, an infant
from anHIV-infected mother canbe infected during lactation.
Many views regarding breast-feeding and traditional practices have been reported.
Interestingly, in addition to limited access to modern formula milk, African women
traditionally use plant extracts to induce and/or stimulate milk production. Lactation is a
complex phenomenon encompassing multi-factorial processes including physiological,
biochemical and structural changes of the mammary gland. Milk is consequently a
complex product consisting mainly of sugars, lipids (mainly triglycerides), proteins (e.g.
casein, lactalbumin) as well as many other factors regulating the immune function of the
neonate (Bonati & Campi 2000). Based on new scientific information from biochemistry,
immunology, nutrition, endocrinology, and psychophysiology about human milk and
breast-feeding, the overall scheme of events that occurs in the mammary gland has been
reviewed. This review is necessary to gain insight into the fundamental issue of the
physiological adequacy ofplantuse interms ofinduction and/or stimulation of lactation in
women.
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Mammogenesis andlactogenesis
The ability to lactate depends on the presence of mammary glands, which is a typical
feature of mammals. The mammary gland is part of the reproductive apparatus and
lactation canbe considered as the final phase of reproduction. Of subcutaneous origin, its
number, shape and sizevary greatly between species.Duetodifficulties inthe availability
of tissue, normal development and differentiation of human breasts are rarely reported.
Thus,the descriptive review reported here isbased onrodentdata.However, itis assumed
that the overall patterns of growth and differentiation and the generation of various
morphological structures are comparable betweenrodents andhumans (Lydon etal.2000,
Shyamala 1999)(seeFigure 1).
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Figure 1 Theoverallpattern ofmammaryglanddevelopmentandphysiologicaltargetsofplantuseduringeachstageof
development.

In rats, the mammary gland forms extensive subcutaneous sheets of tissue that extend
from thecervicaltothe inguinal regions assixventrolateral pairs,eachwith itsownnipple
(Russo &Russo 1978).Themammary gland ofnewborns isrepresented bya rudimentary
duct system with small club-like ends that regress shortly after birth. In neonates of most
species,there is an isometric duct growth ofthe mammary gland until before the onset of
puberty, albeit that this period of growth has not yet been extensively studied inrodents.
With the onset of puberty, the mammary gland undergoes allometric growth to establish
the ductal elongation with terminal end buds (TEBs) prior to pregnancy (Cowie 1949).
The first events of puberty are increases in circulating gonadotropin and estradiol (E2)
levels associated withvaginal opening followed byvaginal cornification several days later
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(Nelson etal. 1990).At puberty, the mammary gland consists of ducts with TEBs, which
are the major site of proliferation (Monaghan et al. 1990) leading to the formation of
terminal lobular units (Howard &Gusterson 2000) with the advancement ofpuberty.The
epithelial-stromal interactions are the major components of ductal elongation. This ductal
elongation andbranching continue after puberty until the mammary fat pad is filled. The
main characteristics ofamature mammary gland arethe absence ofterminal endbudsand
the presence of a highly branched architecture terminated by lobular buds (Horseman
1999)inresponse tothehormonal change during the estrous cycle.Duringpregnancy, the
lobular buds give rise to alveolar lobules, which increase both in size and number and
reachmaximal development attheendofpregnancy (Masso-Welchetal. 2000).
Thus, lactation is a result of long physiological processes occurring in the mammary
gland, mainly during pregnancy until the day of parturition. Indeed, mammary epithelial
cells undergo secretory differentiation throughout the estrous cycle (Schedin et al.2000),
but pregnancy is required for final differentiation (Robinson et al. 1995). At the end of
pregnancy, the mammary gland achieves a high rate of proliferation and a profound
biochemical transformation within the epithelial cells which later leadsto the synthesis of
specific components of milk suchasproteins (e.g.casein, lactalbumin), lipids (fatty acids)
and sugar (e.g.lactose).During thatperiod, the myoepithelial cell layer, which surrounds
the alveolar epithelium, has acquired abundant cytoplasmic filaments for contractile
function (Joshietal. 1986)during lactation.
Involution of the mammary gland following weaning is characterized by arapid decrease
inweight, volume and number of alveolar structures and intotalDNAcontent, essentially
duetothelossofcellsbyapoptosis(Strange etal. 1992, 1995,Walkeretal.1989).
Hormonal regulation ofmammogenesisand lactogenesis
Extensive studies have clearly established that the developmental biology of mammary
glands is very complex involving interactions between ovarian, adrenocortical and
pituitary hormones (Nandi 1958,Kleinberg et al. 1990,Lyons etal. 1995,and Topper &
Freeman 1980). Cyclical variations in cell proliferation and steroid receptor expression
have been reported inthe human breast (Olssen etal. 1996, Soderqvist etal. 1997)and in
rat mammary tissue (Masso-Welch etal.2000).Estrogen (E2)(Anderson etal. 1998)and
growth hormone (GH) (Kleinberg et al. 2000, Sejrsen et al. 1999) are essential for
mammary duct development. Progesterone (P) is essential for lobulo-alveolar
development (Lydon et al. 2000, Shyamala 1999, and Fendrick et al. 1998) but not for
ductal side branching as previously reported (Russo et al. 1991). Corticosteroids must be
present for the ovarian steroids to exert their full effect. Incontrast tothe other hormones,
recent reports showthatprolactin (PRL)regulatesmammary glandorganogenesis from the
primary duct system to the fully mature non-pregnant gland. Itparticipates with placental
lactogen inthe differentiation of the lobuloalveolar system from the lobular buds, induces
milk protein gene expression and finally stimulates lactation after delivery (Horseman
1999). The ejection of milk requires the action of oxytocin (OX), secreted from the
posterior pituitary in response to suckling. The milk stasis that occurs after weaning and
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the decrease of lactogenic hormones, in particular PRL, arethe main causes of involution
of the mammary gland (Nguyen & Pollard 2000). However, the mechanisms involved in
theregulation ofmammogenesisand lactogenesis arestilltobemoreclearly elucidated.

PRLregulation oflactogenesis
Identified by Riddle et al. (1931) and purified in 1933, PRL is a polypeptide hormone
produced mainly in pituitary lactotrophic cells as well as in some peripheral tissues,
including themammary gland (Jonathan etal. 1996,Iwasaka etal. 2000).
Pituitary PRL secretion is under hypothalamic control by both inhibitory and stimulatory
factors (Freeman et al. 2000) although dominated by inhibitory factors (PIH), mainly
dopamine, synthesized by the hypothalamus and released into the portal blood vessels.
PRL down regulates its own secretion by increasing the release of PIH's in the portal
system.
Although more than 300 functions attributable to the hormone have been reviewed
recently (Bole-Feysot et al.1998), PRL has the specialised function of stimulating milk
synthesis and secretion in mammals. In rats, PRL is secreted during early pregnancy ina
diurnal andnocturnalpulse from theanteriorpituitary (Andrewsetal.2001).The decrease
in progesterone and estrogen levels after delivery allows PRL to exert its stimulatory
action on the mammary gland epithelial cells and thus induce lactogenesis. It is unclear
whether or not the inhibition of lactogenesis during late pregnancy, even though PRL
levels are relatively high, is due to the high levels of estrogen or due to progesterone,
which may act on the epithelial cell by decreasing PRL receptor numbers. Interestingly,
PRL mRNA has been detected in rat mammary glands from mid to late pregnancy and
throughout lactation (Iwasaka etal.2000) andno13-caseinwasdetectable inthemammary
glandofPRLreceptor (PRLR)knock-out mice(Briskenetal.1999).
During established lactation, the suckling of the neonate stimulates PRL secretion.
Continuous production of PRL is necessary for the maintenance of lactation, although no
correlation was found between milk yield and plasma PRL levels (Cowie et al. 1980),
suggestingthatPRLmaybemoreofa"survival factor" rather thanaregulatory factor for
milk secretion.
In humans (Benedek-Jaszmann & Sternthal, 1976) and rodents (Cowie etal. 1969,Mena
et al. 1982, and Flint et al. 1998), PRL is the major stimulus to milk synthesis.
Bromocriptine (CB154), an analogue of dopamine that inhibits pituitary PRL secretion,
completely suppresses milk yield in rats (Flint etal. 1998,Farmer etal. 1998,and Taylor
&Peaker 1975).Yet,when milkproduction isalmostcompletely inhibited byboth CB154
and a specific antiserum to rat GH, replacement therapy with GH partially restored milk
production while replacement with PRL was fully effective (Flint et al. 1992). Other
reports (Mena et al. 1982) have suggested the possible transformation of PRL into a
presecretory PRL before it is secreted, and that dopaminergic control is exerted on the
transformation-phase but not on the release-phase of the hormone. On the other hand,
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drugs used for the treatment of psychological disorders such as sulpiride and
perphenazine, stimulatePRL secretion andthusinduce lactation.
Causesoflactation disruption
Indeed, lactation success depends on many factors. The change in systemic lactogenic
hormone levels as reviewed above and the intra-mammary mechanisms of responsiveness
to lactogenic hormones and milk removal are, in all species, at the origin of lactation
defects. Mammary epithelial cell differentiation and proliferation are thought to be the
primary determinants for milk production. Nutritional status at the time of puberty and
during pregnancy, associated with a great variability of hormones in the maternal plasma
has been reported to be critical to maximise mammary gland cell proliferation (Wilde et
al. 1986, Park et al. 1989, Choi et al. 1997, and Kim et al. 1998). Moreover, lactation
success depends on regular suckling of the neonate (Peaker &Wilde 1996). Without this
stimulus, milk secretion stops and mammary involution is induced. Successful parturition
under appropriate conditions may also influence lactation since in most cases stress is
associated with an increase in PRL levels (Jeffcoate et al. 1986) as well as a decrease,
particularly underconditions underwhich levelsarenormally high (Chatterton etal. 2000,
Johansson etal.1983).

Possible ways of action of lactogenic plant extracts to induce and /or stimulate milk
synthesis
As reviewed above, PRL plays a key role in inducing and stimulating milk synthesis and
maintaining lactation. PRL synthesised in the anterior pituitary is released into the portal
vessel and transported to the mammary glands to stimulate milk synthesis. E2 increases
the number of PRL-R whereas P suppresses this increase. PRL also upregulates its own
receptors as an increase inPRL-R occurs atthe time ofthe increase ofplasma PRL levels
at parturition. Therefore, the lactogenesis that occurs after parturition can be, to some
extend, explained by the removal of the inhibition by P, and the stimulation of production
ofPRL-R bytheincrease ofPRLitself.
To this end, lactogenic plants may exert their effect by stimulating PRL synthesis in the
anteriorpituitary, increasing itsrelease intotheportal vessels,or increasing the numberof
PRL receptorsonthe mammary gland. Thestimulatory effect ofPRLonitsown receptors
was found to be discontinuous, as an increase of maternal circulating PRL levels during
established lactationdoesnot increasemilkproduction.Thisindicatesthatthegland atthis
stage probably becomes less responsive to PRL, likely a result of the low number ofPRL
receptors on the mammary gland. This clearly suggests that the number of PRL-R at the
beginning of lactation associated with the level of circulating PRL is essential for the
maintenance ofcopiousmilkproduction.
Lactogenic plants may also induce milk synthesis by acting directly on the mammary
gland to stimulate mammary gland differentiation and cell proliferation, orby stimulating
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mammary cell activity as milk production is related to mammary epithelial cell
differentiation and proliferation.

Outline ofthethesis
Theaim ofthis study isto gain insight intothetraditional beliefs and toprovide scientific
proof for the efficacy oflactogenicplants.
This thesis focusses on (1) the plants used by women for the treatment of lactation
deficiencies, (2) the biological effects of the plants used for induction and stimulation of
lactation, and (3) the possible underlying mechanisms of action. For this purpose,
information on plants with therapeutic properties was collected during field work,
regarding which part of theplant isused, modeofpreparation and administration, number
ofcasesreported andnumberofpeoplewhohaveusedtheseprescriptions(chapter2).The
ethnopharmacology, phytochemistry, and toxicology of Acacia nilotica ssp. Adansonii
(AN), one of the plants widely used for induction and stimulation of lactation are
addressed in chapter 3. In view of the traditional beliefs, experiments were performed to
investigate the biological activity of an aqueous extract of AN in a rat model (chapters 4
and 5). Finally, the mechanism via which AN-extract may act to achieve its biologic
activitieswasexplored (chapter6).
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Abstract
An ethnobotanical survey was carried out in the northern, central, eastern and southern
parts of Burkina Faso inhabited by Yadse,Mosse,Gulmantse, and Bissa ethnic groups.In
total 79 informants (healers and village elders) and 217 users from 22 villages were
interviewed. Ethnobotanical data on90speciesbelonging to40families including medical
use and traditional practices, were collected. All women interviewed used plant
medication to improve their milk production during several lactation periods; about 20%
oftheusersusedplantsto stopongoing lactationbecause ofmastitisordeath ofthe infant
before weaning. Agalactia is the most common pathology after parturition since 34% of
the plants are used for induction of lactation. This might be due to either the effect of
socio-cultural factors or retention of placental fragments leading to blockage of the
lactogenic hormonesurge andthustodisruption oflactogenesis.Although only 1, rarely2,
plant istaken for inhibition, amixture of at least 2plants is always used for improvement
of lactation, suggesting that some plants might be included just to inhibit the possible
toxicity of some of the active plants. This study shows that the use of plants during
lactation is common in the study area and that the indigenous peoples have a remarkable
knowledge ofspeciesandtheiruseascrudedrugs.

Introduction
Based on the cases reported (Bognounou et al. 1975, Olivier-Bever 1982, Chenu & Ake
1992,Gelfand etal. 1985,Nacoulma-Ouedraogo 1996,VanWyketal.1997,andNdubani
&Hojer 1999)it canbe statedthat herbal medicine isstill amethod ofhealth care inmost
African communities.
With the advent of modern medicine, indigenous health care practices have tended to
decline in importance duringthepast few decades,particularly inurban areas.However, a
number of factors seem to have helped reverse this trend. Firstly, there is an increased
interest inherbal medicine acrosstheworld (Elvin-Lewis2001).Secondly, inAfrica, most
rural areas still lack functional health centers and many drugs are beyond the reach ofthe
majority ofthepopulation. Indeed, modern medicine ismore efficient for the treatment of
specific diseases;however, modernmedicine isstillaluxury for themajority of Africans.
In Burkina Faso,where 80%ofthepopulation lives inrural areas,there isa long tradition
of using plant resources for basic needs, such as food, firewood, timber, and medicine.
Plants from varioushabitats,suchasforest, scrub,grassland and cultivated fields, areused
as crude drugs (Ouedraogo 1984, Guinko 1977, 1984, Guinko & Bognounou 1982, and
Bognounou etal. 1975,Nacoulma-Ouedraogo 1996).However, this inheritance is slowly
disappearing due to the progressive disappearing of useful plants because of droughts,
deforestation and overexploitation, as well as interruption of the line of transmission of
knowledge.Thetransmission ofknowledge isstillessentially oral,from father toson(Van
Wyk etal. 1997).However, with the new socioeconomic situation, sons often donot live
with their parents anymore so that traditional healers pass away without having had the
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opportunity to hand down their knowledge. In the present study we have attempted to
document the plants used during all steps of reproduction (fertility, abortion, libido,
lactation) in the northern, central and eastern parts of Burkina Faso (West Africa). In this
paper,however, onlyplantsusedduring lactationwillbediscussed.
Materials andMethods
Thestudyarea
Afield study was carried out in 5provinces (Yatenga, Kadiogo,Kouritenga, Gourma,and
Boulgou) of Burkina Faso (Figure 1).Yadse, Mosse, Mosse, Gulmatse, and Bissa ethnic
groups inhabit these provinces, respectively. The landscape consists mainly of plains,
between 200 and 400 m. above sea level. The climate of the area is tropical with a rainy
season from JunetoOctober and adryseason from November toMay.Theannual rainfall
in the study area is between 300 and 600 mm. The vegetation is characterised by thorny
steppes, hardwood forests (acacia, anogeissus leiocarpus, crateva adansonii, adansonia
digitata),shrubs andgrasslands.

Figure 1: Study area in Burkina Faso

Thesurvey
Ethnobotanical information was gathered during field trips between 1997 and 1999.
Interviews and discussions were carried out with local informants, i.e. traditional healers
or "tradipraticians,"village elders and rural women who are supposed to use these plants
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(Table 1). A healer is someone who treats people by means of plants or any item
associated with magic. A village elder, who is not necessarily the oldest person in the
village, is the one to whom family knowledge is confided. For the interviews, a
questionnaire was developed. The questions concerned the plants used, methods of
preparation, mode of administration, traditional practices and perception of people with
respect to certain related issues. At least three field trips were necessary to collect the
information from each informant. The first was used to identify thepeople in the villages
most suited for the interview. The second trip was to collect the information; interviews
often lasted all night long, and sometimes, the interview could be recorded. During the
third trip, information collected from the informants ofavillagewasused tointerview the
womenofthatvillage.After each interview, voucher herbarium specimenswere collected;
specimenswere lateron identified taxonomically withthehelp ofbotanical references and
by comparisons with identified specimens from the Department of Systematic Botany at
theUniversity ofOuagadougou, BurkinaFaso.

Results
Informantsandusers
A total of 296 people from 22 villages within the study area, including 261 females (16
healers, 28 elders and 217 users) and 35 males (18 healers and 17 village elders) were
interviewed (Table 1). In total 79 informants and 217 users were interviewed during the
study. Ofthe informants, 89%received the knowledge from their parents.The remaining
11% (only men) acquired the knowledge from other sources (healers, self-learning or
mysticrevelation).Althoughvillageelderstendtospecialize inadiseasegroup(infant and
maternal diseases, infant diseases,reproduction, female diseases,psychiatry, etc.),healers
are super generalists whose healing relies mainly onthe invocation of supernatural forces,
incombination withplantsorotheritems.

Table 1:Compositionoftheinformants andtheusers
Healers
Elders
Users
Women
Age (Years)
Men
Age (Years)
Total

16
57-80
18
50-71
34

28
60-80
17
50-71
45

217
16-59
0
217

Total
interviewed
261
35
296

Ethnobotanicaldata
Plantuse
Species are listed alphabetically by family and genus together with their local name, the
plant part used for treatment, the number of times reported by informants, the number of
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times reported by women. Only plants mentioned by 5 informants or more are listed.
Ethnobotanical data on 90 species with medicinal use, belonging to 40 families, were
collected. Plants reported by the informants as being used for medical purposes are
illustrated in Figure 2. Of the 90 species, 70 were mentioned by at least 10% of the
informants, and 75were usedbyatleast oneuser.Fromthe 75species, 19wereusedbyat
least 10% of the users; however, it appeared that the women did not use 15 species
reported bythe informants.
• Plantsused for induction and stimulation ofmilkproduction and itscomponents
As listed in Table 2, sixty-five plant species were reported for the induction and/or
stimulation of lactation and improvement ofmilkquality. Itwasobserved thatmoreplants
are used for induction (39 species) than for stimulation alone (6 species) or for the
combination of stimulation and induction (7 species) of lactation. The use of plants for
improvement of milk quality is more often associated with induction and stimulation (7
species) than with induction alone (3 species) or stimulation alone (4 species). The
improvement ofmilk quality isalsooften associated withthetreatment ofmastitis,asseen
in Table 3. A change in milk quality due to mastitis was reported by at least 50% of the
informants. Although at least 18%of the usersused plantsto improve the quality oftheir
milk,only3plant speciesbelongingto3families wereused.
The most popular species for improvement of lactation were Pennisetum americanum
(100%), Vitellaria paradoxa (58%), Cadaba farinosa (55%),Acacia nilotica ssp adansonii
(50%), Leptadenia hastata (47%), Capsicum frutescens (46%), and Crateva adansonii
(40%) (Figure 3). A plant is considered popular when reported by at least 50% of the
informants andusedbyatleast40%oftheusers.
• Plantsused for inhibition oflactation andthetreatment ofmastitis
Twenty plant species belonging to 16 families were listed as potent agents for the
inhibition of lactation and/or the treatment of mastitis (Table 4). Of these 20 species, 10
were used for the treatment of mastitis, 6 for the inhibition of lactation and 4 for both
inhibition and mastitis.At the most, 20%and 24%oftheusers had used at least oneplant
for the treatment of mastitis and inhibition of lactation, respectively. The most popular
plants for inhibition of lactation and/ or treatment of mastitis were Triumfeta cordifolia
(11%), Anogeissus leiocarpus (10%), Hyptis suaveolens (8%), Combretum micranthum

n
improvement
28%

Figure 1Medical purposes

Figure 2Plants used for improvement of
lactation
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(7%), Arachis hypogea (6%), and Bauhinia rufescens (5.5%) (Figure 4). A plant is
considered popular when reported by at least 30% of the informants and used by at least
5%oftheusers.
Partsoftheplantused andmedicinal preparation
Analysisoftheethnobotanicaldata showsthatvariousplantpartsareused,asillustratedin
Figure 5.The most common parts are leaf (35%), stemwith leaf (19%),bark (13%),root,
rhizome and tuber (15%), fruit (8%), seed (5%), flower, latex and butter (5%). The
collection of different parts of the plant is based on precise criteria. For instance, time
(early inthe morning, late in the afternoon), position of the moon and the sun (full moon,
sunshine), birthday of the infant (on Monday) and the physiological state of the plant
(stemwithleaves,withorwithout flowers).
Likewise, medicinal processing seems to depend onthe part used, which inturn is related
to the availability of the plant over the year and within the region. The most common
medicinal preparations were maceration (induction, stimulation and milk quality),
decoction (induction, stimulation and inhibition), fumigation (mastitis), paste (inhibition,
mastitis and milk quality) and latex (mastitis). It was found that a mixture of at least 2
plantswasused for the induction and/or stimulation oflactation and itscomponents,while
only 1 or2plantswereused for inhibition oflactation andortreatment ofmastitis.

o„, 5% 5%
8

I
/ / /
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/ /
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Figure4Plantsusedforinhibitionof
lactation
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Figure5Theuseofvariousplantparts

Table 2List of plants used for induction, stimulation of lactation and improvement ofmilk quality
Family/species

Local
Name

Number
of times
mentioned
by respondents
(n=79)

Number
of times
usedby
women
(n=217)

Part
used

Medical
use

DRACAENACEAE
Sanseviriasenegambica,
Baker

Kaantobga

5

0

leaf
Rhizom

induction
induction

AMARANTHACEAE
Alternanterapungens H.B
&Kunth
Amaranthusspinosus L.
AmaranthusviridisL.

Rakomp noedre
Kurkurgoaga
Zimini gnanga

5
15
7

1
3
1

stem, leaf
stem, leaf
stem, leaf

induction
stimulation
induction

ANACARDIACEAE
Ozoroa insignisDel.

Nin-noore

5

0

leaf

induction

ANNONACEAE
Annonasenegalensis Pers.

Barkudga

25

10

bark

induction,
stimulation

APOCYNACEAE
Sabasenegalensis(A.DC)
Pichonvar. senegalensis
Wedga
ASCLEPIADACEAE
Glossonemaboveanum(Decne.)
Decne.
Kutin-leenga
Leptadenia hastata (Pers.)
Lelongo
Decne.

5

0

stem, leaf

induction

62

102

leaf

induction,
milk quality

Sarcostemma viminale (L.)
R.Br.

7

0

stem

induction

ASTERACEAE
Bidens engleri O.E. Schulz
Kinkiris-sabtulga
Vernonia colorata (Willd.) DrakeKoa-safande

17
24

29
17

stem, leaf
leaf

induction
induction

BASELLACEAE
Basella alba L.

Epinard

12

2

leaf

stimulation

BOMBACACEAE
Adansonia digitata L.

Tohega

61

83

leaf, fruit

stimulation,
induction

Bombax costatum Pellegr.&
Vuillet
Ceiba pentandra (L.)Gaertn.

Voaka
Gounga

31
20

19
11

bark, leaf
bark

induction
induction

CAESALPINIACEAE
Afzelia africana Smith exPers.
Senna occidentalis (L.) Link

Kankalga
Kinkeliba

6
21

1
7

bark
leaf, root

induction
induction

Detarium microcarpum
Guill. &Perr.

Kagdega

11

13

leaf

Parkinsonia aculeata L.

Nasar arzin-tiiga

9

0

leaf, flower

stimulation,
milk quality
induction

CAPPARACEAE
Boscia senegalensis Pers.
Lam. ex Poir.
Cadabafarinosa Forssk.

Laboiiga
Kiensga

27
77

11
119

root
leaf, root

Wobgnaado

leaf,fruit

induction

induction
induction,
stimulation,
milkquality
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Maerua angolensis DC
Crateva adansonii DC.

Zilgo
Kalguin-tohega

29
54

17
88

leaf
leaf

CARICACEAE
Carica papaya L.

Papaye-tiiga

13

2

leaf, fruit, latex stimulatio

COMBRETACEAE
GuierasenegalensisJ.F.Gmel. Wilin-wiiga

induction
induction,
stimulation,
milk quality

leaf

stimulation

CONVOLVULACEAE
lpotnea batatas (L.) Lam
Ipomea eriocarpa R.Br.

Wosso
guitiguidga

17
37

5
21

leaf
stem, leaf

induction
induction

CUCURBITACEAE
Luffa cylindrica (L)M.J.Roem

Needego

12

0

fruit

Momordica balsamica L.

Mogod-ti-raogo

9

1

leaf

induction,
stimulation
induction

CYPERACEAE
Cyperus esculentus L.

Kiogo

16

7

root

induction

EUPHORBIACEAE
Euphorbia hirta L.

Walbissum

39

57

stem, leaf

Euphorbia prostata Aiton

Bandakou miugu

21

5

stem, leaf

induction,
stimulation,
milk quality
stimulation,
milk quality

Euphorbia pulcherrima Willd.
ex Klotzsch
Jatropha curcas L.
Manihot esculenta Crantz.
Phyllanthus niruri L.

Tacsindo
Wombin bangma
Bandakou
Tinguin-garga

7
5
23
19

0
0
7
6

flower
leaf
tuber
root

induction
induction
induction
induction

FABACEAE
Cajanus cajan (L.)Millsp.
Indigo/era tinctoria L.

Pois d'angole
Garga, gare-tiiga

14
24

5
9

leaf
leaf, root

Stylosanthes erecta P. Beauv.

Sakwisablega

12

4

stem, leaf

stimulation
induction,
stimulation
milk quality
induction
milk quality

Baguem-baguem

5

0

root

stimulation

Gaog-nangouri

23

14

leaf, seed
tuber

stimulation,
milk quality

MALVACEAE
Gossypium ssp.

Lamdo

12

7

leaf

induction,
milk quality

MIMOSACEAE
Acacia ataxacantha DC.

Goaaga

5

1

leaf

induction,
stimulation
induction,
stimulation
induction

LILIACEAE
Asparagus flagellaris (Kunth)
Baker
Asphodeius fistulosus L.

Acacia nilotica (L.).Willd. exDel. var. adansonii
(Guill. andPers) 0 . Ktze
Peg-nenga

59

109

leaf, seed

Sinnogo

23

15

stem, leaf

Roanga

32

36

bark,leaf

stimulation,
milk quality

Kakan-senega

15

4

stem, leaf

induction

Kunkwiiga
Kamsanwogo

9
21

5
11

bark
bark, fruit

Ficus sur Forssk

Womsayega

17

11

Ficus sycomorus L.

Kakanga

31

14

leaf, bark
fruit
bark, root

induction
induction,
stimulation
induction
stimulation
induction

Entada africana Guill. & Perr.
Parkia biglobosa (Jacq.)
R.Br, ex Benth.
MORACEAE
Ficus glumosa Delile
Ficus ingens var. Ingensitalic?
(Miq.)Miq.
Ficus platyphylla Delile

32

FicusthonningiiBlume

Kuusga

bark,root

induction

OXALIDACEAE
Biophytum umbraculum
Welw.

Napagb-godeb-nao

17

5

stem, leaf

stimulation,
induction,
milk quality

Mopoka

7

1

stem

induction

Kazui

79

217

seed

induction,
stimulation,
milk quality

RUBIACEAE
Crossopterix febrijuga
(Afzel.ex G.Don) Benth.
Feretia apodanthera Delile
Spermacoce verticillata L.

Kumbr-waaga
Fininga
Yod peelga

5
11
9

0
0
2

stem, leaf
leaf
stem, leaf

induction
induction
induction

SAPINDACEAE
Paullinia pinnata L.

Noussanou

17

5

stem, leaf

induction

SCROPHULARIACEAE
Scoparia dulcis L.

Kaafr-mande

11

0

stem, leaf

induction

SOLANACEAE
Capsicum Jrutescens L.

Kipare

67

99

fruit

induction

STERCULIACEAE
Sterculia setigera Delile.

Ponsemporgon

27

9

bark, leaf

induction

VERBENACEAE
Vitex doniana Sweet

Aadega

17

3

fruit

induction

VITACEAE
Cissus quadrangularis L.

Wobzanre

15

31

stem, leaf

induction

POACEAE
Andropogon gayanus Kunth.
Pennisetum Glaucum (L.)
(K. Schum.) (L.) R.Br.

Table 3List ofplants used for induction, stimulation, and/or mastitis
Family/species

Local
Name

Number
of times
mentioned
by respondents
(n=79)

Number Part
of times used
used by
women
(n=217)

Medical
use

ASCLEPIADACEAE
Calotropisprocera (Aiton)
W.T.Aiton)

Poussoumpuuga

CAESALPrNIACEAE
BauhiniathonningiiSchum.

Baguin-gnaga

51

39

leaf,fruit induction,
stimulation,
mastitis,
milkquality

LAMIACEAE
Ocimum basilicum L.

Yulumb-gnuuga

17

32

leaf,seed induction,
mastitis

Kenn-da

49

52

seed

SAPOTACEAE
VitellariaparadoxaC.F.Gaertn. Taanga

41

125

bark,butterinduction,
mastitis
latex
milkquality

POACEAE
Sorghum bicolor(L.)Moench

6

1

leaf,bark induction,
root
stimulation,
mastitis

induction,
stimulation,
milkquality
stem,ear mastitis

33

T a b l e 4: List of plants used for inhibition and/or mastitis
Family/species

Local
Name

AMARANTHACEAE
Pupalia lappacea (L.) Juss.

Number
of times
mentioned
by respondents
(n=79)

Number Part
of times used
used by
women
(n=217)

Yong-tabdo

BALANITACEAE
Balanites aegyptiaca (L.) Delile Kieglega

Medical
use

leaf

mastitis

leaf

inhibition

leaf

mastitis

BIGNONIACEAE
Stereospermum kunthianum ChamNin-yilenga
CAESALPINIACEAE
Bauhinia rufescens L.
Tipohega
Tamarindus indica L.
Pousga

34
17

12
6

stem, leaf mastitis
leaf
mastitis

COMBRETACEAE
Anogeissus (eiocarpus (DC.)
Guill. & Perr.

33

22

leaf

27

15

leaf

Siiga

Combretum micranthum G. Don Randga

inhibition
mastitis
inhibition
mastitis

CUCURBITACEAE
Momordica charantia L.

Mogod-tiim

EUPHORBIACEAE
Flueggea virosa
(Roxb. ex Willd.) Baill.
Ricinus communis L

sugd-daaga
Gon-noanga

5
7

1
1

root
leaf

mastitis
inhibition

FABACEAE
Arachis hypogaea L.

Sumkam

23

13

flower

Vigna unguiculata (L.) Walp.

Benga

5

1

seed

inhibition,
mastitis
mastitis

LAMIACEAE
Hyptis suaveolens Poit.

Rung-rung gnaaga

24

17

stem, leaf mastitis

Arzin-tiiga

23

7

bark, root leafinhibition

Gwiina

17

9

leaf

inhibition

Grenadine

5

0

leaf, root

mastitis

MORINGACEAE
Moringa oleifera Lam.
NYMPHAEACEAE
Nymphaea lotus L.
PASSIFLORACEAE
Passiflora foetida L.
POACEAE
Andropogonpinguipes

(Stapf)

RHAMNACEAE
Ziziphus mauritiana Lam.
TIL1ACEAE
Triumfetta cordifolia A. Rich.
VERBENACEAE
Vitex diversifolia Baker

34

stem, leaf mastitis

Koulmoodo

Mougounuga

Natoukouli

Napug-aadega

stem, leaf mastitis

25

stem, leaf inhibition,
mastitis
root

inhibition

bark

inhibition

Table 5 List of themost popularplantsused for improvement of lactation
Family/species

ASCLEPIADACEAE
Leptadenia hastata

Localname

(Pers.)

Lelongo

CAPPARACEAE
CadabafarinosaForssk.

Kiensga

CratevaadansoniiDC.

Kalguin-tohega

MIMOSACEAE
Acacianilotica(L.)Willd.ex
Del.var.adansonii
(Guill.&Perr.)O. Ktze

Peg-nenga

No
of times
mentioned by the
respondents
(N=79)

Nooftimes
used by the
women
(N =217)

62

54

Partused

Medical
use

stemwith
leaf

induction,
milk
quality

leaf

induction,
stimulation
milk
quality

leaf

induction,
stimulation
milk
quality

leaf,seed

induction,
stimulation
milk
quality

seed

induction,
stimulation
milk
quality

bark,butter

induction,
milk
quality,
mastitis

POACEAE
Pennisetumg/ucaum(L.)R.Br.
Kazui

79

SAPOTACEAE
VitellariaparadoxaC.F.Gaertn.
Taanga

217

SOLANACEAE
Capsicumfrutescens L.
Kipare

67

fruit
induction

Traditionalpractices
Theconcept
Traditional practices arebased onthe concept that supernatural powers lie atthe origin of
human well-being: the forces of evil, the gods, and the spirits emanating from the
ancestors who can be good or evil. The balance between good and evil spirits determines
the health of the individual. Disease is regarded as a punishment for bad behaviour. Evil
spirits can however be appeased by the administration of certain plants together with
certainprocedures.
Induction
According to traditional perceptions, agalactia occurs in women who do not comply with
traditional rules (for instance, eating foods normally prohibited by local customs) during
theirpregnancy. Insomeareas,physicaltreatment isapplied tothebreastbefore theuseof
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any plant. The breast is massaged with the butter of Vitellariaparadoxa. After this
massage therapy, a mixture ofplants is administrated for the induction of lactation. Some
ofthepopularprescriptions arelistedbelow.
1 - Fresh leaves of Acacia nilotica ssp adansonii are boiled in water. The decoction is
mixed with the powder of the seeds of Pennisetumamericanumand drunk all day long.
Lactation occurswithin2days.
2 - Fresh leaves of Acacia niloticassp adansoniiand Cratevaadansoniiare crushed in a
mortar. Thepaste ismixed with water and filtered (for dry leaves,the decoction isused).
The seeds ofPennisetumamericanumare crushed together with a few fruits ofCapsicum
frutescens and a bit of salt. This powder is mixed with a bit of butter of Vittelaria
paradoxa to obtain a paste. This paste is then mixed with the filtrate obtained above and
drunk throughout the day. The treatment may be repeated the following day, if necessary.
This mixture isreported toinduce lactation innon-lactating women.Many variants ofthis
recipe are known, based on 1to 3 of the following plants: Cadabafarinosa, Leptadenia
hastata, Acacia nilotica ssp adansonii and Crateva adansonii in association with
Pennisetumamericanum, Capsicumfrutescens and Vittelariaparadoxa.
Stimulation
Hypogalactia is considered to be a result of non-observation of traditional rules, only
rarelydueto"natural"reasons,andoccursabout4to6months after parturition.
As reported by the informant, clinical symptoms observed in the case of hypogalactia are
the lack of growth and the continuous cries of the breast-fed infant. In most cases, the
latter is the main sign for the mother. For treatment, one mixture ofplants is given to the
infant to stimulate his appetite and to make him grow faster and stronger, while another
mixture isgiventothemother.
1 - Fresh leaf-bearing stems of Piliostigma thonningiiare crushed in a mortar with the
powder of Pennisetum americanumseeds.Fresh leaf-bearing stems ofLeptadeniahastata
areboiled inwater and filtered. Thefiltrate isaddedtothepaste anddrunk throughout the
day.
2 - Fresh bark from the East and West sides of the tree Parkia biglobosa is macerated
overnight. The macerate is mixed with powder of the seeds of Pennisetum americanum
anddrunk onanempty stomach (early inthemorning).
3 - Immature fruits and/or fresh stems with leaves of Sabasenegalensisare crushed in a
mortarwith seedsofPennisetumamericanum. Thepasteismixedwithamacerate of fruits
ofAdansoniadigitataand drunk throughout theday.Thetreatment iscontinued for 3days
(for amale infant) or4days(for afemale infant).
4 -Fresh stemswith leaves of Guiera senegalensis(collected late in the afternoon) anda
stemwith leaves ofEuphorbiahirtaarecrushed inamortar andmixedwiththepowder of
Pennisetumamericanum. Thepaste isthen macerated inwater and drunkalldaylong.The
treatment is continued for 14 days. Only a decoction of Guiera senegalensis is used
togetherwiththepowder ofPennisetum americanum.
Milkqualityandmastitis
Clinical symptoms observed by the informant which indicate low content of milk
components during lactation are lack of growth, diarrhoea, continuous crying and
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vomiting of the infant, and swelling of the mother's breast. For the diagnosis, the "ant
test" is used: an ant is put in a small quantity of the mother's milk; drowning of the ant
meansthemilkisnotgood.Theprescriptions listedbelow arethenusedfor treatment.
1- For improvement ofmilkquality, apasteiscooked from powderised Sorghum bicolor.
A small quantity of this paste is added to leaves of Piliostigmathonningiiand boiled in
water. Thepotage isusedtowashthe breast. The filtrate isdrunk allday for 3(for amale
infant) or4days(for afemale infant).
2 -For mastitis, fruits of Piliostigmathonningiiareburned in atraditional pot. The ash is
mixed with butter of Vitellariaparadoxa and applied tothebreast. The samepaste is also
usedtoincreasemilk lipid content.
Inhibition andmastitis
Women useplantstoinhibit theirmilkproduction mainly inthecase ofabortion or lossof
theinfant before weaning.
1-Fresh leaves ofAnogeissusleiocarpus areboiled inwater and drunk during aperiodof
7daysonanempty stomach.
2- Fresh leavesof Combretum micranthumareboiled inwater and drunk during aperiod
of7days.
3 - Fresh leaves or seeds of Vigna unguiculataare crushed in a small traditional pot. The
pasteisthenappliedtothebreasteachdayduringaperiod of3to7days.

Discussion
The present study clearly demonstrates that inhabitants of various parts of Burkina Faso
use plants for their health care, as previously reported (Nacoulma-Ouedraogo 1996,
Guinko 1984, 1977, and Bognounou et al. 1975). This is particularly true as far as
lactation is concerned. Interestingly, not only all women have used at least one plant for
either induction or stimulation of lactation, but the plants usedappear tobe similar within
the study area as well. Eleven species were widely used by women for the treatment of
agalactia and / or hypogalactia, seven of which were used by at least 40% of the users
throughout several lactation periods. Although a mixture of at least 2 plants is used for
induction and stimulation in all the prescriptions, such mixtures rarely exist for inhibition
oflactation andtreatment ofmastitiswherethenumber ofplantsused is2orless.
Evidence exists that certain drugs can be transmitted to the infant through breast milk
when mothers use herbal remedies during lactation (Elvin-Lewis 2001); some of these
drugs may be fatal for the infant. It seems likely that while some of the plants in a given
treatment mixture induce or stimulate lactation, other plants may be added to the same
mixture to inhibit thepossible toxicity of activeplants andtoprevent intoxication ofboth
mother and infant. Moreover, widespread use ofagivenplantwithin avillage community
is generally based on long-term observations of its efficacy (pharmacological effects) and
its safety for mother and infant (toxicological effects). However, variationswere observed
not only in species and number ofplantsused,but also inparts used; such variations may
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be due to either availability of the plant over the year or to variations in soil nutrient
composition.
On the other hand, it appeared that plants were often used for inhibition of lactation and
treatment of mastitis, even if only a maximum of 23 cases were reported, suggesting that
at least 10% of the women had been obliged to stop an ongoing lactation. However, the
exact causes ofinfant death ormastitisarestillnotknown.
The traditional belief is that the newborn is a reincarnation of one of the ancestors of the
family. The day, time, and conditions of birth are the indicators that will determine his
given name and his destiny. Furthermore, an infant looks neither like his father nor his
mother but resembles his grandfather or grandmother, particularly when the latter are
deceased. Therefore, infringement of traditional rules during pregnancy is considered the
main cause of complications observed during parturition and leading to agalactia,
hypoglactia, ormastitis and sometimestothe"return"(i.e.thedeath)ofthe infant.
Lactation is the result of extensive physiological processes occurring in the mammary
glandduringpregnancy untilthe dayofparturition (Martinet &Houdebine, 1993).Indeed,
growth and development of the mammary gland during pregnancy and the hormonal
interactions occurring during parturition are indispensable for the onset of milk
production. At parturition, the abrupt decrease in both progesterone and estrogen levels
associated with the abrupt increase in PRL level and the increase in glucocorticoid and
oxytocin levels lead to the onset of lactation. Lactation is in fact a combination of milk
secretion (mainly regulated by PRL) and milk removal (regulated by stimulation of the
nipplebythe infant).
Comparison of the number of plants used for induction (39 species) with the total clearly
showsthat agalactia isthe most commonpathology occurring after parturition inthe study
area.Threekeysuggestions canbemade:
Firstly,theconditions ofbirth suchasmaternal stress2-5daysafter labour, asoften occurs
in primiparae, may affect the onset of lactation. Indeed, the stress response is not only
associated with increased PRL levels (Jeffcoate etal. 1986)but also with decreased PRL
levels (Chatterton et al. 2000, Johansson et al. 1983), particularly under conditions in
which its levels are normally high. Some cultural and social factors, such as food taboos
might have been introduced to reduce the stress- induced problems during parturition.
Although some explanations of food taboos such as "the child will become a thief when
the mother eats eggs during pregnancy" are unsubstantiated, others are based on the
general claim that a small baby is easier to deliver than abig one.For that reason, it is in
fact a taboo to eat energy-rich food during pregnancy to prevent excessive growth of the
baby. Since neither traditional midwives nor modern medical assistants, if present, have
any surgical training and/or equipment, traditional ways of controlling food intake during
pregnancy mustbe sustained. Moreover, 70to 80%ofthepregnant women living intowns
(pers.comm.),mainly primiparae,undergo surgical incision ofthevagina during delivery,
not being exposed to the obligation of following traditional rules. The lack of such
equipment and knowledge in the villages may to some extent explain the high maternal
and neonatal mortality rates, in addition to the abusive use of abortive plants in these
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particular cases.Onthe other hand,pregnant women haverestricted accesstocalories and
specific nutrients during some periods when the food supply is inadequate, thus affecting
the course of pregnancy and thereby the onset of lactation. Although food taboos may be
based on prolonged experience when they relate to pregnant women, chances are most of
themarebased onsuperstition whentheyrelatetolactatingwomen.
Secondly, incomplete delivery of the placenta after parturition may occur, leading to
blockage ofthePRL surge and consequently toalterations inthe onset andmaintenance of
lactation, as previously reported by Anderson (2001). This suggestion is quite plausible
since the induction of lactation occurs within one day of treatment with the extract of a
plantused for bothparturition anddelivery oftheplacenta. Itshouldbenotedthat someof
the plants used for parturition and delivery of the placenta are also used in other African
countries,asanabortive (Noumi&Tchkonang2001).
Thirdly, decreasing progesterone levels can stimulate copious milk secretion only in the
presence of lactogenic hormones, inparticular PRL (Austin & Short 1984).Moreover, not
onlyacertain level ofcirculating PRL isneeded, but mammary gland PRLreceptors must
also be sufficiently present and functional, inducing the effect of PRL on the mammary
gland cells and thus stimulating milk synthesis. Some plants, such asAcacia niloticassp
adansonii,have been reported to stimulate PRL release in ewe and rat (Sawadogo 1987).
These observations suggest that a mixture ofLeptaniahastata(whichis used as abortive)
andAcacianiloticasspadansoniicould inducemilk production; however, their effects on
the mammary gland have not yet investigated. Maternal milk yield is regulated by the
demands oftheinfant (Perez-Escamillaetal. 1995,Prentice etal. 1986),whichareinturn
a function of the energy content of the milk (Villalpando et al. 1999). However, milk
secretion requires adequate levels of circulating PRL sincethe inhibition of PRL secretion
and its release after treatment with bromocriptine led to inhibition of milk secretion
(Martine/al.1981).
It can be concluded from this survey that all women in the study area have used plant
extract during lactation and amixture ofplantsisalways used to improve lactation for the
infant. As far as traditional practice is concerned, we hypothesise that components of the
plant used for improvement of milk production could have a direct effect by stimulating
mammary secretory cells and/or an indirect effect by stimulating the secretion and release
of lactogenichormones,inparticular PRL.Likewise,plantsused for inhibition oflactation
may have an indirect effect by inhibiting the secretion and release of PRL, which would
lead to the interruption of lactation, and a direct effect on the activity of secretory cells
since some oftheplants are applied directlyontothemammary gland aspastes. However,
there is no scientific proof of the traditional belief that these plants can effectively
stimulate milk production. Further investigation will be necessary to identify plants with
activecomponents,theexacteffects ofthesecomponents,andtheirmechanisms ofaction.
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Introduction
The genus Acacia (Mimosaceae) contains several species distributed in dry regions of
Africa (Barnes et al. 1996, Guinko 1992), from Egypt and Mauritania southwards
(Woldemeskel et al. 1998) to South Africa (Dube et al. 2001). Seventeen species are
present in Burkina Faso (Guinko 1992) three of which, Acacia nilotica var. adansonii,
Acacianiloticavar. niloticaandAcacianiloticavar. tomentosa areremarkably distributed
from the northern to the eastern part of the country. According to Kerharo & Adam
(1974),Acacianiloticavar.adansonii(Guill. et Perr.) O.Ktze isathorny tree of 10-12m
oflengthor less,with darkgraybarkcolor,greengray-leaves andgolden flowers.
Apart from differences between the forms of the pods and in some areas the color of the
trunk, these three species that resemble eachother qua foliage and inflorescence have
nearly the same systematic characteristics. The systematics of Anilotica species is
confusing and most of the time it has been described as Acacia arabica Willd. or as
Acacia nilotica Del. (Kheraro & Adam 1974). Moreover, the possible hybridisation
(pollination bybees) and the constant change (with age)ofthe shape of inflorescence and
colors of their flowers makes the determination of Acacia nilotica subspecies difficult.
People inthevillageshowever, are able todistinghuish between these 3species.Thelocal
names of Acacia nilotica ssp adansonii are "Pegnenga" for Yadse and Moose people,
"Konbonkarga" for Gourmantse and "pelinga go" for Bissa people. Acacia nilotica var.
adansonii(AN)and thus allthe acacia species, is amultipurpose tree thatplays akey role
in rural development. AN is a source of various products including firewood, charcoal,
timber, fodder, seeds for human nutrition, gum and pods for dye and tannin. In addition to
its role in rural economy, AN provides good restoration of soil fertility, and plays an
important role insoilconservation (Guinko 1992,Barnesetal.1996).
Apart from its importance in rural population survival and its role in the regulation ofthe
ecosystem, Acacianilotica var.adansonii iswidelyused infolk medicine for thetreatment
ofvariousdiseases.Inthe traditional context, awidespread use ofaplantrelies onalongterm observation of its efficiency and safety. Its multiple therapeutic properties however,
are stillpoorly explored. Indeed, research and development oftherapeutic properties from
a plant is a multidisciplinary process (Verpoorte 1989) involving botany, pharmacology,
phytochemistry, toxicology and biology and may explain, to some extent, the lack of
scientific information on African traditional medicine. In this chapter, the
ethnopharmacology, phytochemistry, and toxicology ofAcacianiloticavar. adansoniiare
presented. This information may provide abasis for understanding itsmultiple therapeutic
usesand itsbiological activity intheparticular caseoflactation.
Ethnopharmacology andbiological activities
Several plants with therapeutic properties regarding lactation related defects have been
reported (see chapter 2) with Acacia nilotica var. adansonii being one of the six plants
widely used for induction and stimulation of lactation. Apart from this, Acacia nilotica
var. adansoniiappears to be used and / or frequently associated with other plants in parts
ofBurkinaFaso for thetreatment ofawidevarietyofdiseases(Personal observation).The
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bark and/or pods arefrequently associated inpreparations for the stimulation oflibidoand
fertility. Decoctions from leaves and bark are widely used to treat infant diarrhoea and to
prevent infants from infections thatoccurduringweaning.Acacianiloticasspadansoniiis
said tobe able toregenerate necrotictissue and to"firm up"awithered breast.NacoulmaOuedraogo (1996)reported astringent, antiseptic, anti-inflammatory, hemostatic and tonic
properties of ateaprepared from its leaves, flowers, seed and bark. Decoctions orpowder
of leaves and bark were applied externally in case of leprosy and mouth lacerations. In
Niger, the seeds are preferentially used for induction and stimulation of lactation (Guinko
1992). Likewise, Acacia nilotica species have been reported to have anti-hyperglycemic
(Akhtar & Khan 1985), anti-microbial (Sotohy et al. 1997, Abd-El-Nabi 1992), antiplasmodial (El-Tahir etal. 1999), anti-inflammatory, analgesic and anti-pyretic (Dafallah
& al-Mustapha 1996) properties. The methanol extract of the pods ofAcacianiloticassp
showed anti-hypertension activities (Gilani etal. 1999)while aqueous extract ofthe seeds
exhibited spasmogenic and vasoconstrictive actions (Amos et al. 1999).Acacia nilotica
subspecies are traditionally used inPakistan for the treatment of diarrhoea and Shah et al.
(1997) recently uncovered their anti-platelet aggregation activity. Methanol (bark and
pods) and aqueous(pods)extractofAcacianiloticashowedconsiderable inhibitory effects
to HIV-1 protease (Hussein et al. 1999) and hepatitis C virus protease (Hussein et al.
2000).
Phytochemistry
The phytochemistry of Acacia nilotica has received great interest, mainly because of the
use of itstannins for industrial pruposes. However, anumber ofphytochemical reports do
not specify the variety investigated, which is mainly due to the fact that these three
varietieshadbeen described asAcacianilotica Del.pers.
Phytochemistry (method of Ciulei 1982) of the leaves of Acacia nilotica var. adansonii
performed inthenorthern, central and eastern parts ofBurkina Fasorevealed the presence
of polyphenols (tannins), anthracenosids, coumarinic derivatives, cardiotonic glycosides,
flavonoids, steroids, and terpenoids (Table 1). The aqueous extract is rich in glucids
includingrhamnose,arabinose, galactose andalsorich inuronic acids suchas galacturonic
acid.None of those -oses, however, have been found to stimulate PRL release inthe ewe
apartfrom pectinand oligogalacturonic acid(Sawadogo 1987,Sepehrietal. 1990).
The extract from the leaves, roots and bark of Acacia nilotica ssp contains 18-20% of
tannins (Kerharo & Adam 1974). The bark of the roots ofAcacia nilotica sspadansonii
contains up till 36% of tannins. Thepresence of saponosids has also been reported, but a
haemolytic test was found to be negative. Acacia nilotica leaves also contain
proanthocyanidins andotherphenolics (Dubeetal. 2001).
Toxicology
From the ethnobotanical survey it follows, that women have used Acacia nilotica var.
adansoniifor generations without anyreportsofpathologic effects. Inaddition, wedidnot
observe any clinical toxicity in rats treated orally with increasing doses (3,3.5, 4, 4.5,5,
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5.5, 6g/kg) of aqueous extract of leaves of this plant (this thesis), although tannins have
been reported to be potentially toxic to ruminants (Reed 1995). The intra-muscular
injection, however, caused an inflammatory effect in the area surrounding the injection
point inrats.Wehavealsoobserved aclaustration oftheanimalafter intravenous injection
of either extract (2-5 min) or saline (2-3 min). Likewise, the extract did not inhibit
intestine peristalsis invitroandnoapparent toxicity wasobserved inrats and ewestreated
orally with the extract, although a meteorisation after i.v. treatment has been reported in
ewes (Sawadogo 1987). Al-Mustafa & Dafallah (2000) reported a significant decrease in
body weight and in levels of hemoglobin, serum total protein and total cholesterol in rats
fed a diet containing 8% of Acacia nilotica for up to 4 weeks. No death or
histopathological changes in the liver were observed. On the other hand, a methanol
extract ofrootsofAcacianiloticahas showncytotoxic activity invitro(Kamuhabwa etal.
2000).

Conclusion
Regarding its multiple use in traditional medicine, Acacia nilotica might be compared to
aspirin in modern medicine. Despite its widespread use in folk medicine in the treatment
of various diseases, little is known about its biological effects. Given that 90% of the
women in Africa are breast-feeding, and that a lot of them may have lactation-related
defects, Acacia nilotica appears to be an attractive source of new therapeutic compounds
in the improvement of lactation in a low income population. It is currently not known
whether or not Acacia nilotica may effectively induce or stimulate lactation in women.
Further studies will elucidate potential stimulatory effects, and possible mechanisms of
action inrats.
Table 1:PhytochemistryofleavesofAcacianiloticavaradansonii
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Abstract
Inview ofthetraditional beliefthatAcacianiloticasspadansonii(AN)can stimulatemilk
production in lactating women, experiments were performed to determine the effect ofan
aqueous extract of AN on milk production in rats. Female rats that received oral doses
(280or 560mg)ofaqueous extract ofthisplant during theirfirstlactation produced about
59% more milk compared to controls (P<0.01). Pup weight gain was also significantly
higher compared tothat inthecontrol group.Alower dose,i.e.comparable tothatusedby
women to improve their milk yield, led to about 33%more milk volume with the same
growth rate for pups compared to the high dose group. The extract of AN was found to
stimulate synthesis and release of PRL significantly (PO.05). In addition, mammary
glands of estrogen-primed rats treated with the extract showed clear lobulo-alveolar
development with milk secretion. This study demonstrates that aqueous extract ofANcan
stimulate milk production and PRL release inthe female rat and could consequently have
theproperties claimed for bylactatingwomen.

Introduction
African women with milkproduction deficiencies traditionally useplantextractsto induce
milk production or to increase milk yield. With limited access to modern milk replacers,
breast-feeding is essential for the survival of the newborn. Most plant extracts are
generally used in the form of decoction or maceration. The floristic and ethnobotanic
aspects of lactogenic plants have been studied extensively (Adjanohoun et al. 1979a,
1979b; Bognounou et al. 191A, Nacoulma-Ouedraogo 1996); however, little is known
about their biological activities. On the other hand, the positive effect of Asparagus
racemosus extract on milk production in buffaloes has been reported, (Patel & Kanitkar
1969). Some plants have been identified as lactogenic because of a capacity to stimulate
the synthesis of lactogenic hormones (PRL,growth hormone, Cortisol)and/orB-endorphin
and 13-casein accumulation in the mammary gland in vivo and in vitro (Sawadogo et al.
1987, 1988a, 1988b, 1988c). Indeed, PRL is known to play a key role in mammogenesis
and lactogenesis (Zwierzchowski 1993, Hennighausen et al. 1997, Horseman 1999,
Brisken etal. 1999,and Llovera etal.2000)inall species,including therat. However, for
PRL to exert its mitotic effects, the tissue must be exposed to estrogen (Martal et al.
1982).Inrodents,initiation of lactation hasthe obligate requirement ofPRL(Knight etal.
1986,Madon etal. 1986).After parturition, PRLinduces lactation bydirect stimulation of
synthesis of milk proteins inepithelial cells and by indirect stimulation of proliferation of
secretory cells. However, growth hormone (GH) is needed to support milk production
when PRL is reduced (Flint et al. 1992).A few plants have been described that stimulate
PRL release (Sawadogo 1987) or milk production (Patel & Kanitkar 1969) or mammary
gland development (Sabnis et al. 1969). However, an exact relationship between these
effects for a given plant has not yet been established. In view of the claim that AN is
frequently used traditionally to improve lactation, experiments were performed to
determine whether AN can stimulate milk production, PRL release and mammary gland
development inrats.
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MaterialsandMethods
PreparationofAcacianiloticasspadansonii(AN) extract
According totradition, anursingwoman (± 65kg)drinksanextract ofabout lOOgdryAN
leaves per literper day. For our experiments,ANfreshleaves were air-dried in shade and
pulverized, then boiled inwater for 15min (1:4w/w).After centrifugation the supernatant
was freeze-dried and the dry material was weighed. Theyield in crude extract was about
18%. All doses used in the experiments were based on this estimation. For each
experiment, a sample of the freeze-dried extract was dissolved in 0.9% NaCl and then
centrifuged at3000xgfor 10minand stored at+4°C.
Animals
For all experiments, mature Wistar rats were purchased from IFFA-CREDO, France, and
maintained on a 12h light-dark cycle (lights on from 6.00 - 18.00h). They were housed
individually in standard plastic cages with wood chips on the floor and were given food
andwateradlibitum.
Experimental protocols
7.EffectoforaltreatmentwithAN extractonmilkproduction
ExperimentA
Eighteen lactating dams,weighing 225-250 gatthe beginning of lactation and suckling 8
to 9 pups, were used in this experiment. Females were divided into three experimental
groups and received either 2 ml of 0.9% NaCl (n=6) or 280 mg (n=6) or 560 mg ANextract/kgBW/2ml0.9%NaCl(n=6),respectively.
ExperimentB
Fifteen lactating dams,weighing 225-250 gatthebeginning of lactation and suckling 8to
9 pups, were divided into two experimental groups and received either 2 ml 0.9% NaCl
(n=7)or280mgAN-extract/kgBW/2ml0.9%NaCl(n=8),respectively.
All animals were treated daily, starting onthe evening of daytwooflactation.The extract
was administered orally with a gavage syringe each day at 18:00h. Milk production was
estimated 18h(for experiment A)and23h(for experiment B)after gavage.
In both experiments, milk production was measured from day 3 to day 15 of lactation.
Milkyieldandbodyweight ofdams,andweight gainofpupsweremeasured eachday.
Every day during the study period (experiment A) the pups were weighed at 7:00 h (wl)
and subsequently isolated from their mother for 4 hours (Sampson & Jansen 1984). At
11:00 h the pups were weighed (w2), returned to their mother and allowed to feed for 1
hour. At 12:00 h, they were weighed (w3). In experiment B, the same procedure was
followed, butthepupswereisolated between 12:00hand 16:00h.After weighing at 16:00
h (w4),they were reunited with their mother for 1hour of feeding and, finally, they were
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weighed (w5). They were then left with their mother during the night. For weight
measurements,anelectronicbalance (SartoriusBasicplus) accurateupto0.01 gwasused.
Milk yield was estimated as w3-w2 (milk yield 18 h after the gavage) and w5-w4 (milk
yield 23 h after the gavage). Daily milk yield was corrected for weight loss due to
metabolic processes in the pup (respiration, urination, and defecation) during suckling.
The value used was (w2-wl) / 4 or [(w2-wl) + (w4-w3)] / 8for the first and the second
group of animals, respectively. This value was then multiplied bythe number of suckling
hours per day and added to the daily suckling gain (Sampson & Jansen, 1984). Daily
weight gain ofpupswascalculated from thepupweight atw2.
//. Effect of intravenous (Lv.)injection of AN extract onplasma andpituitary PRL
concentration
Eighteen cycling virgin rats aged 90days andweighing 200-250 gwere cannulated inthe
jugular vein by the method described by Van Dongen (1990). A week after cannulation,
the animals were divided into 3groups and received either 0.2 ml 0.9%NaCl or 45 mgor
110 mg AN- extract / kg BW / 0.2 ml 0.9% NaCl. All doses were given as a single
injection eachdayviatheintravenous cannula duringaperiodofsixdays.
Animals were adjusted to blood sampling procedures two days before the start of the
experiment. On day 1(at diestrous) and day 3 (at estrous) of the treatment, two plasma
samples were taken before and five samples after the injection, at 20 min intervals. The
blood samples were centrifuged and plasma was stored at -20°C until radioimmunoassay
(RIA) for PRL content. On the 7' day of the experiment, the animals were sacrificed by
decapitation under ether anesthesia. Pituitaries were collected for PRL extraction.
Extraction occurred in a Potter tube at 0°C with PBS pH 7.4, 0.03 M; 10 ul of the
homogenatewasdilutedwithphosphatebuffer plus 1%BSAand storedat-20°C.
Plasma and pituitary PRL levels were measured using rat reagents distributed by the
NIDDK (NIH, Bethesda, MD). PRL values were expressed in terms of the reference
standard RP-3. The intra-assay variation was 7.92% and 9.95% for plasma PRL and
pituitary PRL,respectively.
///. Effect ofintramuscularinjectionofAN extractonmammaryglandtissue
The animals used in this experiment were first-generation descendants of the rats
purchased from IFFA-CREDO. Thirty-six virgin female rats aged 60-70 days were
divided into2groups.Thefirstgroupfirstreceived asubcutaneous injection ofestradiol in
a dose of 10\igI0.1ml sesame oiltwice daily for 2days. Subsequently they were divided
into3subgroups andreceived anintramuscular injection (i.m.)ofeither0.9%NaClor200
mg or 400 mg AN-extract/kg BW twice daily for 5days.The second group first received
an injection of 0.9% NaCl and was then divided into 3 subgroups receiving the same
injections asthe first group. On the 6thday, all animals were anaesthetized with etherand
sacrificed by decapitation. Pituitaries were collected for PRL extraction, as previously
described. The two inguinal mammary glands were removed, immediately fixed in
alcoholic Bouin and embedded in paraffin after dehydration in a graded series of ethanol
and xylene. Paraffin sections (5//m) of the mammary glands were sliced and stained with
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Harris' hematoxilin and eosin.Mammary gland structures were identified according tothe
criteria of Russo and Russo (1978, 1996) and Masso-Welch et al. (2000) using a Zeiss
microscope coupled toanimageanalysis system.
IV.EffectofthetreatmentwithAN extractafterbromocriptineinjection
Twenty-four female rats of 90 days were divided into 4 groups. Two groups were treated
orally with 2 ml NaCl 0.9% (n=6) or 550 mg AN-extract/kg BW/2 ml NaCl 0.9% (n=6)
twice daily during 5 days, respectively. The remaining two groups were treated
subcutaneously with bromocriptine (CB154) at the dose of4.5mg/kg BW/0.25ml ethanol
70% twice daily during 2 days. Then they were treated orally by gavage with 2 ml NaCl
0.9% (n=6) or 550 mg AN-extract /kg BW/2 ml NaCl 0.9% (n=6) twice daily during 3
days.The6thday,all animalswereanaesthetized withetherand sacrificed by decapitation.
Pituitarieswerecollected forPRLextraction anddetermined asdescribed above.
Statistical Analysis
Data were analyzed by Student's t-test or one-way ANOVA, followed by either the
Bonferroni test or Scheffe test or LSDtest,usingthe statisticalpackage SPSS(version 7.5
for Windows).
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Figure 1Effect of aqueous extract of AN on milk production
C (•) control group treated with 0.9% NaCl (n = 6); T280 mg ( ^ ) group receiving 280 mg AN-extract / kg BW (n
= 6);T560 mg (O) group receiving 560 mg AN-extract / kgBW (n = 6). Values are the means ± SEM. Statistically
significant difference is observed during the whole period for the group receiving 560 mg (PO.01). A significant
difference is observed between days 8-11 and days 14-15 for the group receiving 280 mg (PO.05). Statistically
significant differences are given compared to the controls (ANOVA followed by Bonferroni).
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Results
Milkproduction
Milk production of both groups receiving 280 mg and 560 mg AN-extract was higher
compared to that of the control group, as illustrated in Figure 1(experiment I-A). Milk
yieldincreasedfrom 1.38±0.16, 1.44 ±0.15,and 1.52 ±0.05 g/pup/daytoabout3.07±
0.29, 4.46 ± 0.06, and 5.27 ± 0.15 g/ pup / day for the controls, and those receiving 280
and 560 mg,respectively. The differences observed were significant from day 2until the
end of treatment, in particular for the 560 mg dose group (ANOVA followed by
Bonferroni, PO.01). Themeanmilkyieldwas2.12± 0.17,2.83±0.23 and 3.36±0.32 g/
pup / day over the experimental period, respectively (Student's t-test with Bonferroni
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correction at least PO.05) (Figure 2).
Milk production data 18 h and 23 h (experiments I-A and B, respectively) after gavage
indicated that milk production was significantly increased in all groups receiving the
extract at both time points (ANOVA followed by Scheffe P<0.05) (Figure 3). The mean
milk yield of the control group was 0.37 ± 0.02 and 0.38 ± 0.03 g / pup / 5 h 18 h and 23 h
after gavage with saline, respectively. For the group receiving extract, mean milk yield
was 0.51 ± 0.02 and 0.57 ± 0.03 g / pup / 5 h 18h and 23 h after treatment, respectively.
Body weight
All pups gained weight during the study period (Figure 4) and the rate of weight gain for
the treated groups was significantly higher than that for the controls. Body weight
increased from 7.83 ± 0.39 to 17.65 ± 1.54 g / pup for the controls, from 8.17 ± 0.66 to
22.94 ± 0.57 g / pup for those receiving 280 mg and from 8.72 ± 0.39 to 25.20 ± 1.51 g /
pup for those receiving 560 mg AN-extract. The daily weight gain was 0.86 ± 0.08, 1.42 ±
0.12 and 1.43 ± 0.11 g / pup, respectively (Figure 5). A significant difference was
observed between all treated groups and the controls (Student's t-test with Bonferroni
correction PO.01). No significant effect on body weights of dams was seen.
PRL content
To evaluate the effects of extract on PRL secretion and release, PRL concentrations were
measured in both plasma and pituitary. In experiment II, the effect of i.v. administration of
the extract on the plasma PRL concentration was studied; see Figure 6. A wide variation in
individual responses to treatment was observed. However, plasma PRL concentrations
were significantly higher in treated animals compared to the controls; in the latter PRL
30
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Figure 4 Effect of aqueous extract of AN on pup weight. Values are the means ± SEM. A significant difference was
observed between thetreated group and the controls (at least PO.05). C(•) T280 mg (J^)T560 mg (O ). Same treatment
as inFigure 1.
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levels remained constant (ANOVA followed by Bonferroni, at least P<0.05). On day 1
("acute treatment") of treatment, the highest levels were observed 60 min after injection.
They remained relatively high until day 3 of treatment where the highest levels were
observed earlier (40min).PRL levels 40minafter injection were 1.23 ± 0.35,2.95 ± 1.46
and 56.03 ± 22.84 ng / ml for controls, and the groups receiving 45 and 110mg on day1
of the treatment, respectively. On day 3 ("chronic treatment"), the plasma levels were, at
the same times,4.02 ± 0.76, 10.53± 2.44 and 43.93 ± 16.24 ng /ml for controls, and the
group receiving 45 and 110 mg, respectively. Furthermore the pituitary PRL content for
the same animals (Figure 7) was significantly increased in the group receiving 110 mg
compared to the controls (ANOVA followed by Bonferroni, P< 0.01) although no
significant increasewasfound for thegroupreceivingthelowerdose.
Regarding pituitary PRL in animals receiving the extract i.m.(Experiment III),
significantly higher PRL concentrations were observed in the E2-primed animals treated
withtheextract, ascompared tonon-primed ones(ANOVA,follow byBonferroni, atleast
P<0.05) (Figure 8). Moreover, a significant increase was found for E2-primed animals
receiving extract compared tothe E2-primed control group.Inboth CB154treated groups
(Figure 9), pituitary PRL content was significantly lower compared to control value
(ANOVA, follow by LSD P<0.05). AN treatment significantly increased PRL content
compared to both that in animals treated with CB154 alone or with CB154 + AN-extract
(P< 0.05), albeit that treatment with extract after CB154 injection had no effect on PRL
content.
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Histology ofmammary tissue
To understand the relationship between PRL and mammary growth, the histology of rat
mammary gland tissues was studied in the third experiment (Figure 9). The mammary
glandsofnon-E2-primed ratstreated with salineshowabareduct systemandterminalend
buds(TEBs)withinanimportant fat pad (A).AlthoughthemammaryglandoftheE2-
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represents thetime of injection ofAN extract with samplestaken at20-minute intervals post-injection.
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primed animals consisted of ducts branching into ductules (B), no alveolar development
was observed. In all E2-primed and non-primed animals receiving the extract (C-F),
ductulebranching with alveolar development was observed, aswellaslipid droplets inthe
alveoli. However, there was no evidence of secretion into ducts of the non-primed group
receiving400mgplantextract/kgBW(E).Thelargest alveolar structures withbasophilic
secretions in the lumen of alveoli and ducts were observed in the estrogen-primed group
receiving400mgofextract.
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Figure 7 Pituitary PRL content after i.v. injection treatment during six days. Values are the means ± SE. **
Statistically significant (PO.01) (ANOVA followed by Bonferroni). C: control group receiving 0.9% NaCl
(IV, 6 days); T45 mg: group receiving 45 mg ofplant extract /kg BW (IV, 6days); Tl 10mg: group receiving
110mg of plant extract /kg BW (IV, 6days).
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Figure 8 Pituitary PRL content after intramuscular injection. Values are the mean ±SEM. *Statistically significant
compared to the control, # Statistically significant compared tothe E2-primed control group (ANOVA followed by
Bonferroni, at least P<0.05). Without E 2 : not previously treated with estradiol. With E 2 : previously treated with
estradiol. C: control group receiving 0.9%NaCl (IM, 5 days), T200 mg: group receiving 200 mg of plant extract / kg
BW (IM, 5days), T400 mg: group receiving 400 mg ofplant extract / kg BW (IM, 5days).
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Figure 9 Pituitary PRL content after oral administration of extract and after subcutaneous injection of CB154. Values are
the mean ± SEM. *Statistically significant compared tothe bromocriptine treated group receiving the extract. (ANOVA
followed by LSD, P<0.05). C: control group receiving 0.9%NaCl (oral, 5days). CB:group receiving CB154 injection
(subcutaneous, 5days). CB+T550 mg: group receiving CB154 injection (subcutaneous, 2 days) + T550 mg (oral, 3 days).
T550 mg: group receiving the extract (oral, 5days).

Discussion
The measurement of milk production in the rat model is difficult. Milk yield estimations
for rats by means of pup weight and weight gains have been used in several studies
(Morag etal. 1975,Sampson &Jansen 1984,Kamanietal. 1987,Kimetal. 1998).Ithas
to be noted that the purpose of this study was essentially to determine whether AN is
lactogenic. As expected, milk production was significantly higher in treated animals than
in controls. In addition, milk yield appears to be significantly stimulated about 24 h after
administration of the extract and pup growth rate was significantly improved. Moreover,
pup growth rate inthe groupreceiving the low dose (i.e. inthe samerange asthat used by
native women) was similar tothat inthe group receiving the high dose,whereas the dams
produced 20% less milk. This suggests a possible effect of the extract on milk
components.However, this suggestion canonlybeconfirmed bystudying the composition
of the milk. Likewise, extract of Asparagus racemosushas been observed to stimulate
milk production inbuffaloes (Pateland Kanitkar 1969).On theotherhand,treatment with
some of these plants did not improve rat pup growth (Kamani et al. 1987) and milk
production in ewes (Sawadogo et al. 1989), but it did stimulate PRL secretion in ewes
(Sawadogo etal. 1989).Interestingly, theresults obtained inthis study show that not only
milk production was increased, but plasma and pituitary PRL levels as well. The
mechanism of action is still unknown as well as the active components of the extract.
However, we suggest an effect through the hypothalamo-pituitary axis leading to the
synthesis and release of PRL, as observed in previous studies (Sawadogo et al. 1987,
1989,Sepehrietal. 1990, 1992).Moreover,thepituitary PRLcontent inperi-pubertal
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Figure 10 Sections of mammary glands from virgin estrogen (E2)-primed and non-primed rats, 60 to 70 days old
treated with saline orplant extract.
A: Section of mammary gland from a non-primed rat receiving 0.9% NaCl showing ductules and TEBs, with no
alveolar development. B: Mammary gland from an E2-primed rat receiving 0.9% NaCl showing ducts branching into
ductule, with fewer alveolar buds (Alv). C: Mammary gland from a non-primed rat receiving 200 mgofplant extract /
kg BW, showing duct branching to ductule with modest alveolar structure development. D: Mammary gland from an
E2-primed rat receiving 200 mg of plant extract / kg BW, showing ductule branching with alveolar development,
adjacent blood vessels (BV) and lymphatic tissue (ly). E: Mammary gland from a non-primed rat receiving 400 mgof
plant extract / kg BW showing a welldefined alveolar structure with lipid droplets within the alveoli. F: Mammary
gland from an E2-primed rat receiving 400 mg of plant extract / kg BW showing a well-defined alveolar structure
with lumens filled with basophilic secretions (S). Paraffin sections of 5 urn were stained with Harris hematoxilin and
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animalstreated withtheextract didnot significantly differ from thecontrol ascomparedto
that in cycling females treated intravenously with extract. This indicates that the extract
exerts a specific PRL-secretion activity under certain physiological conditions. A strong
relation between treatment with extract and PRL release after "acute"aswell as"chronic"
treatment hasbeen observed. From this, itcanbeexpected that the underlying mechanism
of PRL elevation will be related to neuro-endocrine regulation. Our results suggest
involvement of dopaminergic activity, since treatment with extract after CB154 injections
didnotincreasepituitary PRL content.
Obviously, PRL is known to stimulate milk synthesis and secretion, but in the last
decades,researchhas also shown arelationship withbreast carcinogenesis; the increase in
PRL synthesis and release may increase susceptibility to carcinoma (Venugopal et al.
1999). In this study, extract of AN was shown to stimulate mammary gland development
and the differentiation of the lobulo-alveolar system from the lobular buds with milk
secretion within the lumen. Immunohistochemical data on mammary cell proliferation
mustbeobtainedbefore any statement onthecarcinogenic effect oftheplantcanbemade.
However,womenhaveusedthisplant for generations without anypathologic effects being
reported. Further investigations are in progress and will provide increased understanding
oftheeffect oftheextract onmammarygland development.
In conclusion, it can be stated that aqueous extract of AN effectively stimulates milk
production aswell asPRL synthesis and release inthe rat.Therefore, thetraditional belief
thatANextractcanimprovemilkproduction inlactatingwomenmaybevalid.
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Abstract
Past research shows that Acacia nilotica ssp. adansonii (AN) extract can stimulate milk
production andprolactin (PRL)synthesisandrelease inrats.Asmilkyield andpersistency
of lactation are related to mammary gland growth and differentiation, the major objective
of this study was to investigate the in vivo response of mammary epithelium to ANextract. To this end, peripubertal virgin female rats were treated with AN extract, either
oral or i.m., in the presence or absence of exogenous estradiol (E2). Rats treated with
perphenazine or sulpiride, two selective dopamine receptor antagonists, were included as
positive controls. One hour before sacrifice, BrdU was administered subcutaneously and
mammary gland tissue was collected and processed for BrdU immunocytochemical
staining.
The treatment with extract resulted in significantly more lobulo-alveolar structures filled
withbasophilic secretions and lipid globules compared tocontrols (P<0.05).Terminal end
buds (TEBs)were completely absent inthe E2-primed,high dose AN-treatedgroups when
treatment was given intramuscularly. In contrast, AN-extract did not affect TEBs
formation in the absence of E2. The overall mammary response to AN-extract was
potentiated by the concomitant presence of E2, albeit that limited alveolar differentiation
wasobserved inthe AN-treated animals compared totheperphenazine or sulpiride treated
groups. The BrdU labelling index was significantly increased following oral
administration of AN extract compared to control. In both perphenazine and sulpiridetreated animals, the BrdU labelling index was significantly lower than that of AN treated
animals.
This study shows that mammary cell proliferation was significantly higher in AN-treated
groups compared to control, and that the more the lobular unit is differentiated, the less
cell proliferation is present, as measured by the decrease in BrdU labelling index. We
conclude that AN-extract is able to stimulate mammary gland growth and differentiation
from the least differentiated structures (TEBs) to the fully developed mammary gland
showing activemilk production.

Introduction
Themammary gland ofratsiscomposed ofmultiple celltypes andcanbe divided roughly
into two compartments (Masso-Welch et al. 2000). The epithelial compartment is
composed of different epithelial structures with distinct morphology, and functional and
proliferative activity(i.e.epithelium ofducts,ductules,terminal endbuds(TEBs),alveolar
buds, alveoli, and myoepithelial cells). The stromal compartment, which is distinct in
thickness, composition, and density, surrounds ducts, ductules, and alveolar lobules and
containsmanyfibroblasts andadipocytes.
It is well known that development and differentiation of mammary gland structures are
hormone dependent processes and that blood levels of those hormones vary during the
reproductive cycle. The regulation of mammary gland activity is dominated by the
inhibitory hypothalamic dopamine (DA) mechanism that directs pituitary prolactin release
(PRL). Administration of perphenazine or sulpiride, a selective D2 and Dl receptor
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antagonist, respectively, to female rats resulted in an increase in PRL secretion and
release, thus stimulating lactation. The perphenazine-induced PRL elevation is associated
with a growth response of the mammary gland and a large proliferative response that
occurs intheworkingunit ofthegland,the lobule(Stringer etal.1990).
During early development, rising levels of endogenous estradiol (E2) promote mammary
duct branching that ends in highly proliferative structures termed TEBs. TEBs are the
major sites of proliferation (Monaghan et al. 1990) leading to the formation of lobular
units (Howard and Gusterson 2000) with the advancement of puberty. The main
characteristic of a mature mammary gland is the absence of TEBs and the presence of a
highly branched architecture terminated by lobular buds (Horseman 1999). During
pregnancy, the lobular buds give rise to alveolar lobules, which increase both in size and
number and reach maximal development at the end of pregnancy (Masso-Welch et al.
2000). At the end of pregnancy, the mammary gland has reached a high rate of
proliferation and the epithelium has achieved a profound biochemical transformation that
leadstothesynthesisofspecific components ofmilk suchasproteins(casein),lipids (fatty
acids), and sugar (lactose). During this period, the myoepithelial cell layer, which
surrounds the alveolar epithelium, has acquired abundant cytoplasmic filaments for
contractile functions during lactation (Joshi et al. 1986). Mammary cell proliferation
continuesthroughout lactation with apeak onday 3inrats (Joshi etal. 1986).The lobuloalveolar epithelium is subsequently transformed into a secretory epithelium, which
synthesises milk components and lactogenic enzymes. Although the great variability of
hormones in maternal plasma is required for lactogenesis, a fully differentiated mammary
gland istheprimarydeterminant for sufficient milkyieldandpersistency oflactation(Kim
et al. 1998). During lactation, prolactin regulates the synthesis of milk in the mammary
gland. Previous reports show that extract of Acacia nilotica (AN) can increase milk
production and PRL secretion and release (Lompo et al. submitted) and can induce j8casein accumulation in mammary glands of rats (Sawadogo 1988a). In this study, we
investigated the effect of AN extract on mammary cell proliferation using
bromodeoxyuridin (BrdU). BrdU is an analogue of thymidin that is incorporated into the
DNAofproliferating cells.Tothisend,different dosesofAN-extract werecompared with
control treatment in peripubertal virgin female rats pretreated with either E2 or NaCl.
Histological evaluation of mammary gland development as well as quantification of
selective BrdU incorporation intospecific mammary gland structures was performed.

Materials andMethods
Animals
Wistar virgin female rats were obtained from IFFA-CREDO, France. They were kept
under controlled light-dark cycles (lights on from 6:00 h to 18:00 h) at 22-28° C and had
freeaccess to pelleted food and tap water. Females were weighed every day. The animals
used in the present study were offspring from the first generation purchased from IFFACREDO.
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Experimental design
Experiment1
Forty-two virgin female rats,aged 60-70 days,were divided into2groups.The first group
(n=18) first received a subcutaneous injection of E2in a dose of 10(J.g/0.1ml sesame oil
twice daily for 2consecutive days. Subsequently, they were divided into 3subgroups of6
animals each receiving an i.m. injection of saline, 200 mg or 400 mg-AN extract/kg BW
oncedailyfor 5consecutivedays.
The 2nd group of animals (n=24) served as controls for the estrogen pretreatment and
received an injection of 0.1 ml of 0.9% NaCl twice daily for 2 consecutive days. They
were subsequently divided into 4 groups of 6animals receiving either saline,400 mg-AN
extract/kg BW, 20 mg perphenazine/kg BW or 20 mg sulpiride/kg BW once daily for 5
consecutive days.AN extract and salinewere administered intramuscularly; perphenazine
and sulpirideweregiven subcutaneously (s.c).
Experiment2
Thirty virgin females, aged 60-70 days, were divided into 5 groups of 6 animals each.
Fourgroupsfirstreceived asubcutaneous injection ofE2inadose of 10ng/0.1ml sesame
oil twice daily for 2 consecutive days and were subsequently treated orally with either
saline or 1g or 2 g or 3 g AN extract/kg BW once daily for 5 consecutive days. The
remaining group first received 0.1 ml saline twice daily for 2 consecutive days and was
thentreated orallywith 3gANextract/kgBWoncedaily for 5consecutivedays.
Onday sixfor both experiment 1 and2,females were injected i.p.with 5mgBrdU/kgBW
and 2 hours later sacrificed by decapitation under ether anaesthesia. The inguinal
mammary glands were removed and subsequently frozen for immunocytochemical
staining. Pituitaries were collected for PRL extraction as described previously (Lompoet
al. submitted). Pituitary PRL was measured using rat reagent kindly provided by the
NIDDK (NIH, Bethesda, MD). PRL values were expressed in terms of the reference
standards RP-3. The intra-assay variation was determined using pooled rat serum and
amountedto7.92%and9.95%for plasmaandpituitary PRLlevels,respectively.
Immunohistochemistry
Frozen sections
Unfixed rat mammary glands collected as described above were used for
immunocytochemical staining. Eighteen cryostat sections (10 um) taken at regular
intervals (every 50 um) were randomly cut from each frozen mammary gland. The
sections were mounted on Superfrost Plus slides coated with 0.1% poly-1-lysine and
collected inboxes containing desiccant, wrapped with parafilm, and stored at -20°Cuntil
use.

66

Unfixed frozen sections of the rat intestine treated or not with BrdU, and rat mammary
glands not treated with BrdU were used as positive and negative controls of the BrdU
staining.
Stainingprocedure
The immunocytochemical (ICC) staining was performed according to McGinley et al.
2000withsome modifications.
Briefly, the sections were allowed toreturn toroom temperature before unwrapping, after
which they were fixed in Carnoy's solution for 10min, followed by methanol for 5min
andsubsequently hydrated indistilledwater for 30min.
The sections were then immersed in 2N HC1 for 90 min to hydrolyse the DNA.
Subsequently, sections were rinsed several times (4 times 10min) in distilled water and
acidhydrolysis was stopped byimmersion in0.1Msodiumborate for 5min followed by3
rinses with distilled water (3 times 10min). Endogenous peroxidase activity was blocked
by immersing sections in 3%H2O2for 5 min. Sections were rinsed in distilled water (3
times 10 min), followed by TBS pH 7.4 (3 times 5 min). All subsequent steps were
performed inahumidity chamber.Primaryantibody (mouse anti-BrdUfinaldilution 1:750
diluted in TBS, pH 7.4) was applied to the sections except for slides used for method
control that were incubated with the same amount of TBS. The incubation in primary
antiserumwasperformed atroomtemperature overnight (17hrs).Thesecondary antibody,
biotinylated horse anti-mouse IgG, rat preabsorbed (Vector Laboratories, Burlingame,
finaldilution 1:250 in 10%normalhorse serumdiluted inTBS)wasapplied toall sections
and incubated for 60 min. Thereafter, sections were incubated with horseradish
peroxidase-conjugated streptavidin (Vector Lab., final dilution 1:750) for 90 min and
thoroughly washed in TBS (3 times 5 min). Subsequently, 3,3'-diaminobenzidine (DAB,
with 0.03%H2O2added to it) wasused for 15min tovisualize the staining. Finally, after
rinsing in TBS (3 times 10 min), sections were counterstained in diluted Harris
haematoxylin (1:10) for 5min, rinsed in distilled water (3 times 10min) followed by tap
water (3 times 5min). Sections were dehydrated in a series of graded ethanol, cleared in
xyleneandcover slippedusingDEPEX®.
CountingofBrdUpositive cells
To assess BrdU incorporation, a computer-assisted counting procedure was used. BrdU
positive cells were analysed using a Zeiss microscope with a CCD-camera, coupled to a
SCION image analysis system. All images were captured at a magnification of lOOx(or
200x) and collected for analysis, using Scion image. Before capturing an image, the
camera was calibrated for area measurements (nm). For counting a random sampling of
microscopic fields was used, which reduced the likelihood of field sampling bias in
specimen analysis. Each slide contained 6 sections of mammary gland. For each section,
the slide was moved to aposition atwhich the higher left corner ofthe section was inthe
field ofview and3imageswererandomly captured from the left cornertotheright corner.
Then,the slidewasmovedtoaposition atwhichthe lowerleft corner ofthesectionwasin
the field ofview.Again, 3imageswererandomly capturedfrom the left totheright.Thus,
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for each section, six images were taken and saved inwhich theXand Ycoordinate values
were automatically displayed thanks to the initial calibration. The number of BrdU
positive nuclei counted ineach imagewasexpressed asthe percentage ofthetotal number
ofcellsintheaverageofallimages inthe sametreatmentgroup.
Countingofmammaryglandstructures
For the determination of the degree of mammary gland differentiation, the number of
structures was counted as previously described using the morphological criteria of Russo
and Russo (1978, 1996). Histological analysis was routinely performed on the inguinal
mammary tissue to minimise differences in mammary gland morphology. The number of
structures was expressed per unit of area (mm2).Mammary gland composed of only ducts
and TEBs was scored as 0. Mammary gland with small lobules composed of 5 or fewer
acini were scored as 1,those with 6-10acini as 2, those with 11-20acini as 3 and those
with more than 20 were scored as 4. Mammary glands with lobules composed of very
largeaciniwerescored as5.
Statistical analysis
Data were expressed as mean percentage BrdU+/cell total/mm2. Statistical evaluation of
PRL data was performed using ANOVA followed by a post-hoc Bonferroni and Scheffe
testtoidentify differences between groups.PO.05 wasconsidered significant.
Results
Mammary gland differentiation
A total of fifty-four to seventy-two randomly collected mammary gland fields in each
animal were used to analyse the effects of AN extract on inguinal mammary gland
development. This method of quantification has the advantage of including ducts, alveoli
or alveolar buds and TEBs in approximately the same proportion as they occur in the
whole gland. Mammary glands of control animals pretreated with saline only showed
ducts and TEB structures and very few alveoli (Figure 1A),while mammary gland of E2primed animals clearly exhibit more TEBs and more alveolar structures (Figure IB).
Perphenazine and sulpiride treatment resulted in large alveolar structures with milk
secretion in the lumen (Figure 2). The amount of stromal tissue was clearly decreased
compared to control or E2-primed animals (see Figures 1 and 2). The number of
differentiated alveolar structures (lobules type II) was higher in the perphenazine
comparedtothe sulpiride treated animals.Inallanimalstreated withAN-extract, ductules
branching to lobule type I and II were present (Figure 3). Figures 3A and 3B show
mammary gland from arattreated intramuscularly with 200mgANextract/kgBW,anda
rat treated with400mgAN-extract/kgBWafter primingwith E2 respectively. Thesizeof
the mammary gland structures was clearly increased following a higher dose of AN
extract. Figures 3Cand 3Dshowtypicalmammaryglands from ratsreceivingNaCl+3g
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Figure 1:Photographs showingmammary gland development anddifferentiation incontrol (NaCl)(panel A,CandE)
and E2-primed animals (panels B, D and F). Panels A and B show mammary gland following haematoxylin-eosin
stainingatlowmagnification. Extensionoftheducts(Dc)intoalveolarbuds(Alvbds)canbeclearlyseenfollowing E2treatment.Notetheabundanceofadiposetissuesurroundingthestructures.PanelsC-Fshowmammarygland following
BrdUimmunocytochemicalstainingatlow(panels C,D)andhigh(panelE,F)magnification. Notetheincrease insize
oftheterminal endbudfollowing E2-treatment(panelsD,F).Arrowspoint toBrdUpositivecellswithinthemammary
structure.Adp:adiposetissue;Teb:terminalendbud;Pt:stromaltissue.Magnification panelsAandB(lOOx),panelsC
andD(200x)andpanelsEandF(400x).
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or E2 + 3 g AN extract/kg BW, respectively. Oral treatment also resulted in a clear
differentiation of mammary gland structures in E2-primed as well as control (NaCl)
animals. More stromal tissue was seen surrounding the lobules inAN-treated glands than
intheglandsfromperphenazine orsulpiride treatedanimals.
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Figure 2 Photographs showing mammary gland development and differentiation following sulpiride (panels A, C) or
perphenazine (panels B, D) treatment. Panels A and B show mammary gland following BrdU staining at low
magnification (lOOx). The amount of alveolar structures lobule type II was clearly increased after perphenazine
treatment. Note the decrease in the amount of stromal tissue compared to that in control animals in Figure 1. Panels C
and D show mammary gland following BrdU immunocytochemical staining at higher magnification (400x). Arrows
point to BrdU positive cells.Alv: alveoli; S: milk secretion in lumen.

Quantification of mammary gland structures revealed that animals that received saline
treatment, alone or incombination with E2 had significantly moreTEBsthanthose glands
from AN-treated animalswhere more lobuleswereobserved (Table 1).Intramuscular ANtreatment appeared to stimulate lobulo-alveolar development from TEBs as evidenced by
thelowernumberofTEBscomparedtocontroltreatment inthe lowdoseandthe complete
absence of TEBs in the estrogen-primed high dose AN-treated group. Mammary gland
tissue from perphenazine and sulpiride treated animals showed consistently less ducts
compared to all other treatment groups and no TEBs were observed. Also, perphenazine
treated animals showed ahigher degree of structural differentiation compared to sulpiride
treatedrats,asevidenced bytheincrease inlobuletypeIIandtheabsenceoflobulestypeI
inperphenazine treated animals.Endbudswere stillclearlypresent inthemammary gland
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of animals treated orally with a low dose of AN-extract, albeit that the number decreased
following the higher dose ofANextract. OralAN-treatment resulted inahigher degree of
differentiation of the mammary gland compared to E2 alone, lobules type II were only
present in AN-treated animals. Lobules type I and II were also present in control, NaCl
animals that were treated orally with the high dose of AN extract. No clear differences
were seen between the number of ductal structures of all treated and untreated animals,
except following the pharmacological intervention, where a decrease was demonstrated
(seeTables 1 and2).
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Figure3PhotographsshowingBrdUimmunocytochemicalstainingofmammaryglanddevelopmentand differentiation
after 200mgi.m.(panelA),400mg(panelB)ororaltreatment(panelC)withANextractinsodiumchloride(control)
primed animals. Panel D shows an example of mammary gland from a E;-primed animal following 3 g AN extract
orally. Arrows point toa distinct lobuletype II within the alveolar structure, arrowheads point toBrdUpositivecells.
Magnification 400x.

Mammary cell proliferation
Using BrdU incorporation and immunocytochemical detection, mammary cell
proliferation wasanalysed inductsandlobules.AlownumberofBrdUpositivecellswere
clearly visible inthe TEBs of control,NaCl aswell asE2-primed animals (Figures 1C-F).
BrdU positive cells were occasionally present in the differentiated lobule type I and II
structures frequently found intheperphenazine and sulpiride treated animals (Figures2CD). Following AN-treatment, either i.m. or orally, the number of BrdU positive cells
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increased compared to that seen in control animals with or without E 2 -priming (see
Figures 1and 3).As seen in Tables 3 and 4, the labelling index was significantly higher in
both lobules and ducts in all AN-treated animals compared to that observed in controls.
The labelling index in the ductal structures for i.m. treated animals increased from 8% in
both NaCl and E 2 + NaCl-treated animals to 15% and 13% in E 2 + 200 mg and E 2 + 400
mg-treated animals, respectively.
Table 1 NumberofmammaryglandstructuresincontrolandE-primedanimalsafter i.m.treatment withANextractor
after sulpirideorperphenazinetreatment,expressedasnumberofstructures/mm2area(mean±SEM),A:absent.

D
NaCl

TEB

2.30±0.15

U

2.09 ±0.17

L2

A

A

E2+NaCl

2.74± 0.22

2.70± 0.02

2.30 ±0.07

A

E2+200mg

2.31± 0.06

1.28 ± 0.05

5.87± 0.29

4.27± 0.23

E2+400mg

2.39±0.11

A

4.76± 0.06

4.43± 0.49

0.74± 0.05

A

1.31 ±0.07

1.11 ±0.03

Perphenazine 1.40 ±0.05

A

A

2.52 ±0.12

Sulpiride

In the lobules, the labelling index increased from 9% in E 2 + NaCl-treated animals to 20%
and 25% in E 2 + 200 mg and E 2 + 400 mg, respectively. Moreover, the labelling index in
lobules type I and II appeared to be dose-dependent, i.e. a dose of E 2 + 400 mg
consistently showed a higher labelling index compared to E 2 + 200 mg AN extract. In the
ductal structures, the labelling index was much higher in the oral AN-treated animals
(Table 4) compared to that in the i.m.-AN groups (see Table 3).
Table 2:Numberofmammary gland structures incontrol and E2-primedanimals after oraltreatment withANextract
expressedasnumberofstructures/mm2area(mean±SEM),A:absent.

5
NaCl
E2+NaCl
E2+lg

2.22± 0.08
2.74±0.22
2.77±0.15

TEB

LI

2.09±0.15 A
2.70±0.02 2.3±0.07

L2
A
A

2.92±0.09 3.63 ±0.33 2.60±0.12

E2+2 g

2.62±0.12

1.78 ±0.08 3.27 ±0.25 4.12 ±0.26

E2+ 3g

3.26±0.28

0.54±0.10 4.63±0.22 3.70 ±0.13

NaCl+ 3g

2.30±0.13

1.41 ±0.07 2.97±0.42 3.39 ±0.18
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The labelling index inthe orally treated animals,however, decreased from 23% to 20%in
lobules type I, and from 28%to 17%in lobules type II, for E2+ 1g AN extract/kg BW
and E2+ 3gAN extract/kg BW,respectively. All animals treated with either sulpiride or
perphenazine showed a significantly lower labelling index compared to that in the other
groups. The differentiation of the mammary structures was clearly influenced by the AN
treatment as demonstrated by the changes inboth number of alveoli aswell as number of
cells counted in each alveoli (Table 5).Also, perphenazine treatment resulted in a higher
number ofalveoli,andcellsperalveoli,comparedtosulpiride treatment.
Table 3: Labelling index in control and E2-primed animals after i.m. treatment with AN extract or following sulpiride or
perphenazine treatment expressed as percentage BrdU positive cells / total cells within a structure (mean ± SEM), A:
absent.

NaCl
E2+NaCl
E2+200mg
E2+400mg
Sulpiride
Perphenazide

D
7.69 ±0.01
8.23 ±0.11
15.52 ±0.59
12.94 ±0.25
A
A

LI
A
9.27 ±0.55
20.46± 0.43
25.27 ±0.83
3.96 ±0.2
A

L2
A
A
21.3 ±0.06
27.54 ±1.8
0.62 ± 0.03
2.21 ±0.27

Table 4 Labelling index in control and E2-primed animals after oral treatment with AN extract expressed as the
percentage BrdU positive cell/ total cell within a structure (mean ± SEM), A: absent.

NaCl
E2+NaCl
E2+lg
E2+ 2 g
E2+ 3 g
NaCl+2g

D
7.72 ±0.09
8.52 ±0.12
23.22 ±0.15
19.78 ±0.25
21.17±0.45
18.95± 0.78

LI
A
10.07 ±0.5
23.65 ±0.45
26.90 ±0.52
20.75 ±1.18
12.40 ±0.84

L2
A
A
27.98 ±0.79
24.84 ±1.68
17.34 ±0.93
17.73±1.6

Pituitary PRLcontent
Since pituitary PRL content varies during the estrus cycle, as well as during lactation and
weaning, prepubertal virgin rats were used to study the effects of AN extract on pituitary
PRL levels and mammary gland development. Perphenazine and sulpiride, which act asa
selective D2 and Dl receptor antagonist respectively and subsequently affect pituitary
PRL levels, were used as positive controls. We found a significant increase in pituitary
PRL content in all treated animals, i.e. E2 + 200 mg, E2 + 400 mg, sulpiride or
perphenazine compared to that in controls i.e. E2 + NaCl or NaCl alone (Figure 4a).
Sulpiride and perphenazine treatment led to a twofold increase in PRL content compared
to AN-treated animals. Oral administration of AN extract led to a significant increase in
PRL content when given inthepresence ofE2-priming(Figure 4b).One aswell as2or3g
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AN extract given orally, significantly increased pituitary PRL content compared to saline
or E2-primed animals, whereas pituitary PRL levels were comparable between treatment
with 3gANextractwithout E2and salineorE2-primingalone.
Table5Alveoli differentiation indifferent treatmentgroups,i.e.thenumber ofalveolitype 1 and2,andthenumberof
cellsperalveoli(mean±SEM),A:absent.

Numberalvl
NaCl
E2+NaCl
E2+200mg
E2+400mg
Sulpiride
Perphenazide
E2+lg
E2+ 2 g
E2+ 3g
NaCl + 3g

A
3-5
6-8
10-20
10-20
A
2-10
7-20
10-20
6-10

Number
alv2
A
A
8-10
>25
>25
10-20
10-20
>25
>25
10-20

Cell/alvl

Cell/alv2

A
8-10
16-24
8-10
32-60
A
8-12
8-10
12-24
16-20

A
A
A
8-10
20-30
33-78
8-12
8-10
12-24
12-14

Discussion
Inthispaper, wereport the effects ofANextract on cellproliferation and mammary gland
development in female virgin rats. The rat mammary gland appears to be an excellent
model for such studies, although the multiple cell types within the gland make the
interpretation ofthehistology very complex.During mammary gland development, TEBs,
which are only present in nonparous rats, are actively growing into ductal structures that
differentiate to alveolar buds and lobules. TEBs also regress to form terminal ducts that
are able to differentiate into lobules during pregnancy and lactation. In this study, AN
extract stimulated mammary gland development resulting in fewer TEBs, and in more
lobules as compared to untreated animals, albeit that AN-induced mammary gland
development was limited in the absence of E2. When AN extract was given
intramuscularly, TEBs were completely suppressed in the E2-primed, high dose ANtreated groups indicating that E2 effectively sensitises the gland to pituitary hormones
(Nagasawa & Yanai 1971). Mammary epithelial response to either perphenazine or
sulpiride, however, was more robust than that to AN extract. The thickness of the
extralobular stroma, as well as the stroma between adjacent alveoli was smaller.
Moreover, the lumen of the alveoli was full of basophilic secretions in association with
lipid globules very similar to those previously reported in lactating mammary glands
(Pitelka 1980,Jeffers 1935).However, there was clear heterogeneity between lobules and
individual alveoli within a lobule indicating that alveolar differentiation was still
incomplete. Similar heterogeneity was also observed inmammary glands of lactating rats
(Masso-Welch etal.2000) despite high levels of circulating PRL during that period. This
incomplete alveolar differentiation may, to some extent, explain the continuing cell
proliferation during lactation.
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Figure 4 Pituitary PRL content in NaCl control (c) or E2-primed animals treated intramuscularly with AN extract in a
low (200 mg) or high dose (400 mg) or after treatment with perphenazine (Per) or sulpiride (Sulp) (Panel A). Panel B
shows pituitary PRL content following oral administration of AN extract in different doses with or without E r priming
(Panel B): a: significantly different from control and E2;b: significantly different from AN-treatment (mean ± SEM).

Mammary cell proliferation as demonstrated by the BrdU labelling index was found tobe
significantly higher in all AN-treated animals compared to control and perphenazinetreated animals. In the lobular structures, which are knowntobe the working units of the
mammary gland, the labelling index was found to increase concomitantly with the
increased doses in i.m. AN-treated animals. Yet the labelling decreased following oral
AN-treatment in increasing dose. This can be explained by the fact that the more the
alveoli were developed in terms of number of cells, the lower the labelling index will be
(see Table 5). This finding suggests that more cell proliferation can be found in the less
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differentiated lobules, supporting the idea that AN extract is stimulating mammary gland
differentiation from the less differentiated structures (TEBs) to the most differentiated
ones (alveolar structures). Although mammary gland development is the primary
determinant of milk yield and persistency of lactation (Kim et al. 1998), highly
proliferative mammary gland has also been suggested to promote development of
mammary carcinoma (Harwell et al. 2002, Snyderwine 1999,Thompson et al. 1998). In
contrast, reduction of the highly proliferative terminal end bud (TEB) structures in a
developing mammary gland by differentiation into alveolar buds and lobules, as reported
following intramuscular as well as oral treatment with AN extract in this study, has been
suggested to be protective against mammary carcinoma. Moreover, despite the high
proliferative index observed, we clearly observed myoepithelial cells surrounding the
alveoli, whereas their absence would be indicative of invasive carcinoma (Fernig et al.
1991). We hypothesise that the risk of carcinogenesis is minimal. This assumption is
supported bythe fact that AN extract istraditionally used for induction and stimulation of
lactation inAfrican womenwhowillcertainlyundergomore than onepregnancy (Chapter
2). Women, who have carried at least one full-term pregnancy, have lower circulating
levels of PRL and a blunted PRL response to the secretagogue (Thordarson et al. 1995,
Musey etal, 1987).This supportsthe ideathattherisk ofmammary carcinoma in African
womenwhousedANextractisverylow.
Indeed AN-extract aswell as eitherperphenazine or sulpiride injection ledto a significant
increase in pituitary PRL content. In agreement with earlier studies (Stringer et al. 1990),
wehave shown that this perphenazine-induced PRL increase is associated with mammary
gland growth response and cell proliferation, particularly in the lobular structures. Since
PRL is known to induce mammary gland differentiation, the AN-induced increase in
pituitary PRL levels may, at least in part, indeed explain the mammary gland growth and
cell proliferation observed in this study. However, it is generally admitted that the
hormonal environment is altered in parous rats as compared with that in age matched
virgin animals.Both GHandPRLare significantly reduced after parturition, andthusmay
consequently have inhibitory effects oncellproliferation and lactation.
Although the variability of the lobuloalveolar development in the non-pregnant rat has
been found tobe strain dependent (Imagawa etal. 1990),the overall pattern ofgrowth and
differentiation and generation of various morphological structures hasbeen assumed tobe
similar to that in humans. Current literature shows that alveolar differentiation is still
incomplete during lactation inrats (rev Masso-Welch etal.2000) and that epithelial cells
undergo proliferation during that period (Joshi et al. 1986).Finally, AN extract has been
found to stimulate milk production and PRL release in the rat (Lompo et al. submitted).
Based on these results and those from the present study, we hypothesise that AN-extract
canindeed inducemilkproduction inwomen.
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Abstract
In view of ourprevious reports that AN extract can stimulate pituitary PRL synthesis and
release, as well as mammary gland development and milk production, experiments were
performed to determine the mechanism of action. To this end virgin (nulliparous) adult
females as well as parous females at 7, 14 and 21 days following weaning of their pups
were used. CB154,apotent DA agonist, wasusedto suppresspituitary PRL synthesis and
release in adult virgin female rats prior to oral administration of AN extract. Plasma and
pituitary PRL as well as mammary gland development and differentiation were examined
following BrdU immunocytochemical staining. Also, detailed histological examination of
themammaryglandduring involutionwas performed.
Plasma and pituitary PRL levels were significantly increased in both AN extract and
sulpiride treated females with a concomitant lobulo-alveolar development with basophilic
secretion inthe lumen ofalveoli.Priortreatment with CB154significantly lowered plasma
and pituitary PRL levels compared to control, but did not suppress PRL synthesis and
release completely. A significant increase ofpituitary PRLwas still observed inthe group
treated with 3gAN + CB154, although plasma PRL levels were not significantly altered.
Moreover, treatment withalowdoseof550mgANorallywasnot sufficient toaltereither
plasma orpituitary PRLconcentrations. This suggeststhatthe dosage ofCB154usedwas
sufficient to block PRL synthesis and release after 2 days of treatment. The increase in
PRL levels observed after the high dose ofAN extract may likely be dueto adirect effect
of the extract on the level of the pituitary. These findings suggest that AN extract acts
through the hypothalamus-pituitary system to stimulate PRL synthesis and release. Yet,
other local factors may also contribute to the observed mammary gland development
following combined AN + CB-treatment, as suggested by the higher incidence of BrdU
positive cells inthe surrounding stroma ofthemammaryepithelialcells.

Introduction
The endocrine system synchronises developmental and functional differentiation of
reproductive organs in mammals. In rats, several substances have been reported to
influence mammary gland development from puberty until the end of lactation: estrogen
(E2) (Sivaraman et al.2001,Couse & Korach 1999,Anderson et al.1998, Fendrick etal.
1998, Shyamala 1997, Silberstein et al. 1994, Haslam 1988, Daniel et al. 1987),
progesterone (P)(Sivaraman etal.2001,Shyamala 1999,Robinson etal. 1995),prolactin
(PRL) (Gallego et al. 2001,Flint et al.\991, Travers et al. 1996), growth hormone (GH)
(Gallego etal.2001,Sejrsen etal. 1999,Flint etal.1997,Travers etal. 1996,Nandi etal.
1959, oxytocin (OX), thyroid hormones (TH) (Vonderhaar & Greco 1979),
glucocorticoids (GLC) (Feng et al. 1995) and insulin (INS) (Hadsell & Bonnette 2000,
Deeks et al. 1988). Whereas E2 and P are primarily responsible for mammary gland
development and branching, PRL is essential for alveologenesis and functional
differentiation (Brisken et al. 1999). However, the exact contribution of each of these
hormones during different stages of development remains to be clarified. Some reports
show that E2, P, PRL, GH and TH are essential for ductal elongation, branching and
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alveolar budding (Vonderhaar & Greco 1979, Horseman 1999), and that PRL, GH, TH,
OX and INS are required for complete lobulo-alveolar development, milk synthesis, milk
secretion and maintenance of lactation. Although some of these hormones (E2, P, PRL,
GH, and OX) may have more inductive effects, others (TH, GLC, and INS) have been
reported to have permissive effects, although direct effects on mammary gland can also
occur. PRL plays a crucial role in stimulating milk synthesis and secretion. This hormone
isresponsible for direct stimulation of synthesiswithinthe epithelial cell,and also indirect
stimulation of the proliferation of the secretory cells. Most studies have pointed out its
essential role intheproliferative phase of alveologenesis inrodents. PRL is apolypeptide
hormone produced primarily in the pituitary, but numerous extra-pituitary synthesis sites,
including the mammary gland, have recently been reported. Pituitary PRL release is
predominantly regulated by PRL inhibiting factors (PIF), the most important being
dopamine (DA),released from thehypothalamus. Theregulatory systemoftheproduction
of PRL from the extra-pituitary sites is still unclear. 2-bromo-a-ergocriptine (CB154), a
potent selective D2 agonist, inhibits the synthesis and release of pituitary PRL but not of
extra-pituitary PRL. On the other hand, numerous factors stimulate pituitary PRL
synthesis and release, such as Ej and sulpiride, a potent Dl receptor antagonist. Our
previous report shows that extracts of Acacia nilotica ssp adansonii can effectively
stimulate pituitary PRL synthesis and release, mammary gland development and
differentiation, and milk production in rats. A question remaining unanswered thus far is
how AN stimulates mammary gland differentiation: as a consequence of an effect on
pituitary PRL synthesis and release, and/or through adirect effect on the mammary gland
itself. To address this issue, we have used CB154, a potent DA agonist, to suppress
pituitary PRL synthesis and release in adult virgin female rats before treatment with AN
extract. Plasma and pituitary PRL levels as well as mammary gland development and
differentiation were examined. Animals treated with sulpiride were used as positive
controls. In addition, the effect of prolonged AN administration on mammary gland
development and involution was studied in lactating rats immediately after weaning of
theirpups.

Materials and methods
Animals
Wistar virgin rats were obtained from IFFA-CREDO, France. They were kept under
controlled illumination (lights on from 6:00 h to 18:00 h) at 22-28° C and had access to
pelleted food andtapwateradlibitum.Femaleswereweighed daily.
ExperimentI
Twenty-four virgin female rats of 90 days old were divided into 4 groups. Two groups
were treated orally with either 2 ml NaCl 0.9% (control = Ctr) (n=6) or 550 mg AN
extract/kg BW/2 ml NaCl 0.9% (AN) (n=6) twice daily for 5 consecutive days,
respectively. The remaining two groups were treated subcutaneously with bromocriptine
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(CB154) at a dose of 4.5 mg/kg BW/0.25 ml ethanol 70% twice daily for 2 consecutive
days. Subsequently, they weretreated orallywith either 2mlNaCl 0.9%(CBCtr) (n=6)or
550mgAN extract /kg BW/2 mlNaCl 0.9% (CBAN) (n=6)twice daily for 3 consecutive
days.The6thday,allanimals were anaesthetised with ether and sacrificed by decapitation.
Pituitarieswere collected for PRLextraction asdescribed previously (Chapter 4).Thetwo
inguinal mammary glands were removed and immediately fixed in alcoholic Bouin. After
dehydration ina graded series of ethanol and xylene,mammary glandswere embedded in
paraffin. Paraffin sections (5 um)ofthe mammary glands were collected and stained with
Harris'haematoxylin andeosin,andexamined underalightmicroscope.
ExperimentII
Thirty virgin adult females were divided into 5 groups. Two groups were treated orally
with either saline (Ctr) or 3g AN (AN) extract/kg BW for 5consecutive days. The third
group was treated subcutaneously with 20 mg sulpiride (Sul) /kg BW for 5 consecutive
days.Thelasttwogroupswere first treated subcutaneously with4.5mgCB154/kgBW for
2 consecutive days and subsequently treated orally with either 3 g AN extract/kg BW
(CBAN)or salinefor 3consecutive days(CBCtr).
The sixth day, all animals received 5 mg BrdU/kg BW i.p., 2 hours before sacrifice.
Animalswere anaesthetised with ether and sacrificed bydecapitation.Blood sampleswere
taken and the inguinal mammary glands were removed, and subsequently frozen for
further histological and immunocytochemical staining. The pituitary was removed and
storeat-20°Cfor PRLextraction. Plasmaandpituitary PRLweredetermined asdescribed
previously.
Experiment III
Twenty-five females were used immediately after weaning of their pups for this
experiment.Afirst group ofpregnant females (n= 7)wasorally administered adaily dose
of 560 mg AN extract, starting one week before parturition (ANW1). The other two
groups (n=6each)wereorally given either280mg(AN)or 560mgAN(ANW2) extract,
starting the second day of lactation. The last group (n = 6) received saline (Ctr) over the
entireperiod ofthe experiment.
On days 7, 14, and 21 after weaning of their pups, two females of each group were
injected with 5 mg BrdU/kg BW 2 hours before sacrifice. Animals were anaesthetized
with ether and sacrificed by decapitation; blood samples were collected for determination
of PRL concentrations. The inguinal mammary glands were removed and subsequently
frozen for immunocytochemical (ICC) staining. The pituitary was removed for prolactin
extraction. Plasmaandpituitaryprolactin weredetermined asdescribed previously.
Histology ofthemammary gland
Immunocytochemistry for BrdU was performed on unfixed frozen mammary glandsfrom
rats, collected from animals in experiments II and III as described previously and stained
according to McGinley et al. (2000) with some modifications (Chapter 5). Also, the
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manual counting procedure was similar tothat described previously (Lompoetal.chapter
5). Mammary gland differentiation was assessed according to the criteria of Russo and
Russo(1978,1996).
On day 6, mammary glands from the animals in experiment I were removed and
immediately fixed in alcoholic Bouin. After dehydration in agraded series of ethanol and
xylene, mammary glands were embedded in paraffin. Paraffin sections (5 /urn) of the
mammary glands were sliced, dried and stained with Harris' haematoxylin and eosin.
Mammary glanddifferentiation wasdescribed following lightmicroscopic evaluation.
Statistical Analysis
Statistical evaluation ofdatainvolved ANOVA followed byBonferroni and Scheffe testto
identify differences between groups.P<0.05wasconsideredtobe significant.

Results
Plasma andpituitary PRLcontent
Treatment with CB154 alone significantly decreased plasma PRL levels compared to the
control group (P< 0.05) (Figure 1). A significant increase in plasma PRL levels was
observed inthe sulpiride and 3gAN-treated animals compared to the control and CB154
treated animals (P<0.05). No significant difference was found between CB154 (1.45 ±
0.09ng/ml)andCB154+ 3gAN(2.49±0.12 ng/ml)-treated animals,albeitthata slight,
non-significant increase in PRL level was observed in the latter group as compared to
CB154alone.Plasma andpituitary changes inPRLwerehighly comparable inmagnitude.
Again, pituitary PRL content in animals treated with either sulpiride or 3 g AN extract
significantly differed from that inthe control animals (Figure 2).We found no significant
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Figure 1Plasma PRL concentration (ng/ml)inadult virgin female rats following different treatments: C: saline control,
CB:bromocriptine, Sulp: sulpiride,T3g:AN extract, CB+T3g:bromocriptine followed byAN extract.
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difference between the 560mgAN-treated animals and control animals (data not shown).
Treatment with 3gAN extract after CB154treatment significantly increased PRL content
comparedtothatobserved inthe CB154treated group,althoughnosignificant changewas
found compared to the control group. After weaning of their pups, plasma PRL levels
gradually declined in the Ctr group to reach a basal level around day 21 (Figure 3).PRL
levels in the 560 mg AN-treated animals were still relatively high at day 14as compared
to that observed in Ctr animals. Pituitary PRL was also found to markedly decline after
weaning inall animals,although the decrease intime after weaning, especially intheANtreated group,waslessdramaticthanthat ofplasma (datanotshown).
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Figure 2Pituitary PRL content (ng/mgtissue) in adult virgin female rats following different treatments: C: saline
control, CB:bromocriptine, Sulp:sulpiride,T3g:AN extract,CB+T3g:bromocriptine followed byAN extract.
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Figure3Plasma PRL concentrations (ng/ml) inadult virgin female rats on 7, 14and21 days after weaning oftheir
pupsforcontrol( c), lowdose(T280 mg) and highdose(560 mg) of ANextract administered orally.
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Mammary glanddevelopment and differentiation
Mammary glands of the control group showed bare duct systems with few alveolar buds,
within extensive connective tissue (Figure4A).More lobulo-alveolar structures filled with
basophilic secretions were found in AN-treated animals (Figure 4B) than in the control
and inthe CB154-treated groups (Figures 4C-D).Large vacuoles werepresent in some of
the cells. Mammary glands of animals treated with CB154 showed an ill-defined alveolar
structure with very dark nuclei in the epithelial cells (Figure 4C). Treatment with
ANextract after CB154 (Figure 4D) did not reverse the situation, albeit that some mitotic
cellswere seen(arrowhead).
Detailed histological examination of mammary glands during involution was also
performed. Mammary glands from both control (Figures 5A and 5C) and AN-treated
animals (Figures 5B and 5D) showed clear lobulo-alveolar structures within the stromal
tissue. Compared to control animals, less stromal tissue was seen surrounding lobuloalveolar structures from AN-treated animals (seeFigures 5A-B).Yet, the mammary gland
ofbothAN-treated and control animals atday21appeared tobevery similar (Figures5CD).
To further understand the effect of AN extract on mammary gland differentiation, BrdU
staining was performed to identify proliferating cells. BrdU positive cells were clearly
visible as middle to dark brown stained cells. Quantification of BrdU positive cells
(expressed asthe number of BrdU cells / total cells within the structure) showed ahigher
proliferating index in AN-treated animals as compared to that in control animals.
However, no BrdU positive cells were observed in mammary epithelial of rats receiving
CB154 alone or with AN extract, albeit that in the latter case, a larger number of BrdU
positive cells was found in the stromal tissue surrounding the mammary epithelium
(Figure4E).

Discussion
In this report, the effect of 2-bromo-a-ergocriptine (CB154), a selective dopamine D2
receptor agonist, on PRL synthesis and release and mammary gland development was
studied. CB154-treated animals were compared to AN-treated animals, and to control
animalstreated eitherwith salineorsulpiride alone.Extensive lobulo-alveolar growthwith
functional development of the mammary gland occurred after both sulpiride and ANtreatment in adult virgin cycling female rats. Mammary gland development is known to
differ throughout the cycle with the less differentiated mammary gland consisting of ducts
and TEBs, and fewer alveoli being observed during diestrus as compared to other daysof
the cycle. Histological examination of the mammary glands showed a comparable image
in our control animals to that reported previously in mammary glands from diestrus
animals (Chapter 4),although the mammary gland of CB154-treated animals also showed
apoptotic cellswith darknuclei.
Plasma and pituitary PRL levels were significantly increased in both AN extract and
sulpiride-treated animals as compared to that in control and CB154-treated groups as
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Figure 4 Photographs showing BrdU
immunocytochemical staining of mammary
glands of virgin adult female rats following
control (panel A), AN (panel B),
bromocriptine (CB, panel C) or combined CB
+ AN-treatment (panels D and E). Panel E
shows details of stromal tissue surrounding
mammary tissue from a rat treated with CB +
AN. Magnification 400x. Teb: terminal end
bud, Dc: duct, S: milk secretion, Pt: stromal
^ tissue; arrowheads point at BrdU positive
cells.
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reported previously (Chapter 5).Treatment with CB154 significantly lowered plasma and
pituitary PRL compared tothat of control animals.A significant increase of pituitary PRL
content compared to CB154 treatment alone was observed in the group treated with 3g
AN + CB154 although no significant increase was noticed inplasma PRL concentrations.
Oral administration of a low dose of 560 mg AN after CB154 was not efficient in
increasing eitherplasma orpituitary PRL.This suggeststhatthedoseof4.5mgCB154/kg
BW was sufficient to block PRL synthesis and release after 2 days of treatment, and that
the increase observed after the high dose of AN extract may likely be due to an effect of
theextract. ThesefindingssuggestthatANextract acts,atleast inpart,through interaction
with the hypothalamo-pituitary system to stimulate PRL synthesis and release. Yet, also
other factors are likely to be involved, as suggested by the higher incidence of BrdU
positive cells inthe surrounding stromaofmammaryepithelialcells.
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Figure 5 Photographs showing BrdU immunocytochemical staining of mammary glands of parous female rats after
weaning of their pups of control animals (panels A, C and E) and following continuous treatment with AN extract
(panels B, D and F). Panels A and B show the presence of lobulo-alveolar structures in haematoxylin-eosin stained
sections of the mammary gland at 7 days after pup weaning at a low magnification (lOOx). Panels B and D show
representative examples of alveolar structures from material following BrdU staining at 14 days after pup weaning,
magnification 400x. Note the abundance ofBrdU positive cells inthe lobuli ofAN-treated animals. Panels E and F show
comparable degrees of differentiation of mammary glands in control and AN-treated animals at 21 days after pup
weaning in BrdU stained sections, magnification 400x. Arrowheads point at BrdU positive cells in the tissue, L: lobule,
Adp: adipose tissue, Pt: stromal tissue, Dc: ducts, S: milk secretion inthe lumen.
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Basically, treatment with E2 stimulates both PRL and GH release; PRL either alone or
with E2 has been found to stimulate progesterone production. All these hormones are
known to stimulate mammary growth and differentiation. Indeed, CB154 may act on the
D2 receptors of the pituitary gland to inhibit PRL secretion but it does not alter levels of
extra-pituitary PRL and PRL of mammary gland origin. Thebiological effects of PRL are
presumably mediated by the PRL receptor (PRL-R) that is a member of the cytokine
receptor super family (Kelly et al. 1993). Therefore, it is feasible to suggest that AN
extract could also act directly on the mammary gland by stimulating either PRL-R or by
activating mammary cell activity. The latter may be achieved by increasing amino acid
transport since a decrease of milk yield, with a concomitant decrease in milk protein and
lactose, has been reported in lactating rats treated with CB154. Most likely, all these
eventsmay occurconcurrently asevidencedbythepresence ofbasophilic secretions inthe
lumenofalveoliofmammary glandsfrom ratstreatedwithCB154+extract.
Likewise, Euphorbia hirta has also been found to stimulate B-casein secretion in rat
mammary glandsfollowing CB154treatment (Sawadogoetal.1988).
These results strongly suggest that AN extract stimulates milk production, and mammary
gland development and differentiation by inducing PRL synthesis and release at the level
of the pituitary, or via inhibition of stimulation of other pituitary hormones. These inturn
stimulate mammary growth and differentiation. In addition, AN extract may also act
directly on the mammary gland itself by stimulating the synthesis of milk components
directly or indirectly, although further research will be necessary in order to elucidate the
mechanism ofaction ofANextract onmammary glandtissue directly.
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The aim of this study was to document plants used by women for the treatment of
lactation-related defects, to investigate the biological activity of the plants used for
induction and stimulation of lactation, and finally to assess the underlying mechanism of
actioninaratmodel.
Lactation isanessentialphase during development sinceyoung arevery immature atbirth
and totally dependent on their mother's milk for a varying time thereafter. Milk is
synthesised within the cell lining of the mammary gland alveoli. Milk is a complex
product consisting mainly of water, sugars, lipids (mainly triglycerides), proteins (e.g.
casein, lactalbumin) as well as monovalent and divalent cations and, most interesting,
antibodies.IntheWesternworld, survival ofnewbornsdoesnotrely solely onthecapacity
of the mother to lactate because of the tremendous availability of artificial milk. In
developing countriesmother's milk is even more important for survival of the newborn
becauseartificial milk isnotavailable oroutofreach for themajority ofwomen.Although
99%ofthewomen inBurkinaFasothat gavebirth arebreast-feeding, infant morbidity and
mortality are still high. Next to their nutrients, colostrum and milk contain maternal
antibodies for the newborn, serving as important protective agents against infections.
Deviations inmaternal milk quantity and/or quality early after birth might therefore affect
infant well-being and development, which later determines the infant's resistance to
infections. With limited access to modern milk alternatives, African women with milk
production deficiencies traditionally use plant extracts to induce milk production or to
increasemilkyield.
In chapter 1, a definition of African Traditional Medicine and its implications for the
practice of breast-feeding in African communities are reported. In addition, a review of
mammogenesis, lactogenesis, and related hormonal regulation is reported. Finally, the
possible causes ofdisruption oflactation arebriefly discussed.
Fromthisreview, itappearsasiflactation isaresultof longphysiological processes
occurringinthemammaryglandfrom pregnancyuntilthedayofparturition,andthatits
successdepends onmammaryepithelial cellproliferation and differentiation, andonPRL
levels for stimulation of synthesisofmilk components.Theeffect ofthenutritional state
ofthemother onmilkyield,however, isstillunclear.
Chapter 2 describes a field study carried out between 1997 and 1999 to document plant
use for the treatment of lactation-related defects within five provinces of Burkina Faso.
From the literature, floristic and ethnobotanical aspects ofAfrican plants with therapeutic
properties have been extensively studied. However, much information regarding the
number of cases reported, the number ofpeoplewhohaveused this medication aswell as
thebiological activities ismissing.
During this study, questionswere asked and discussions werecarried outwith 296people,
including traditional healers (34), village elders (45) and women (217) supposedly using
those prescriptions. Transmission of knowledge is essentially oral, from father to son or
from mother to daughter: 89%of the informants had received their knowledge from their
parents. Ninety species of plants with medical use belonging to forty families are listed
together with their local names, the plant parts used for treatments, the number of times
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reported bythe informant, and thenumber ofwomenthatusedthisprescription. It appears
that all women that were interviewed during this inventory actually usedplant medication
during their lactation period. This indicates a real existence of lactation-related defects
and/or more cultural practices. The latter, however, seems quite unlikely since40%ofthe
women have used plant medication for the treatment of agalactia or hypogalactia, and at
least 10%have stoppedanongoing lactationbecause ofmastitisordeath ofthe infant.
Thenumber ofspeciesreported gives anoverview ofthewidespreaduse ofplants inbasic
health care aswellasoftheprevalence ofagivendisorder;thenumber ofpeoplethatused
this medication may be of great interest for statistics on the state of health among the
general population. Itshouldbenotedthatnotalltheplantsreported bythe informants are
used by the women. This discrepancy could be due to the fact that, for the greater part,
plants used for induction or stimulation of lactation were given in a form of mixture of at
leasttwoplants.Thissurveypointed out seven species includingPennisetum americanum,
Vitellariaparadoxa, Cadabafarinosa, Acacia niloticavar adansonii, Leptadeniahastata,
Capsicumfrutescens,and Cratevaadansoniiwidely used by women in such a variety of
recipes. However, the unsolved question is which plant or plants contain active
components? It seems likely that some of the plants in a given treatment mixture actually
induce or stimulate lactation, while other plants in the same mixture may be added to
inhibitthepossibletoxicity ofactiveplants.
Pennisetum americanum, Vitellariaparadoxa, Cadabafarinosa, Capsicum frutescens,
Crateva adansonii, and Leptadenia hastata are commonly used in human alimentation,
albeitthat the latter is forbidden for pregnant women,whatmightberelated toits abortive
effects asreportedbyNoumiandTchkonang(2001).
In contrast, Acacia nilotica var adansonii appeared to be widely used and frequently
associated with other plants in other parts of Burkina Faso as well as in some other
countries, for the treatment of a wide variety of diseases. Studies concerning the
ethnopharmacology,phytochemistry andtoxicology ofAcacianiloticaspecies as reported
in chapter 3, do not clearly specify the variety used. From Kerharo and Adams (1974),it
appears as ifAcacia niloticavar. adansonii(Guill. et Perr.) O.Ktze is athorny tree ofup
to 10-12 m of length, with a dark grey bark colour, green-grey leaves and golden flowers
and that three species that resemble it in foliage and inflorescence have nearly the same
systematic characteristics. Consequently, this makes the systematic characterization of A.
nilotica species rather confusing. Nevertheless, people in the villages are able to identify
these 3 species very reliably. The literature review confirmed A. nilotica's multiple
therapeutic properties, as all parts of the tree are used in folk medicine. Despite its
widespread therapeutic properties reported, little is known about its actual
pharmacological mechanisms. Inview ofthetraditional information that ANcould induce
and/or stimulate lactation in women, experiments were performed as described as in
chapters4and5.
In chapter 4, the effects of an aqueous extract of AN on milk production and PRL
synthesis and release were investigated. Lactating female rats were given a low or high
dose of AN extract orally during 13 consecutive days starting on day 2 of lactation, as

93

compared to a control group treated with saline. Milk yield was measured daily through
pup weight and pup weight gain (Morag et al. 1975, Sampson et al. 1984,Kamani et al.
1987,Kimetal. 1998).This study demonstrated thatanimalstreated with either alowora
high dose of AN extract produced significantly more milk associated with an increase in
pup growth, as compared to that in control animals, and that milk yield appeared to be
significantly stimulated approximately 24 hrs after start of the treatment. AN extract
induced milk production in a dose-dependent manner, although the pups' growth rates of
the low dose AN-treated animals were similar to that of the high dose group. This
discrepancy may be explained by the fact that milk yield is governed by suckling
frequencies, which depend onthe energy content ofthemother's milk (Perez-Escamillaet
al. 1995,Prenticeetal. 1986,Villalpando etal.1999).
To investigate the effect of AN on PRL synthesis and release, experiments were
performed inperi-pubertal and adult virgin female rats.PRL is known to vary during the
estrus cycle as well as during lactation and weaning. A strong relation between extract
administration and PRL release after "acute" as well as "chronic" treatment has been
observed in the cycling female treated intravenously. PRL synthesis was also stimulated
by AN extract in both adult and pre-pubertal animals, albeit that in the latter group, E2priming was needed for an efficient effect. This strongly suggests that the extract had a
specific effect onPRL-synthesis/secretion under certainphysiological conditions,which is
consistent withitstraditionaluseduring lactation.
PRL is known to stimulate milk synthesis and secretion. However, in the last decades,
research has also shown arelationship with breast carcinogenesis; i.e. an increase inPRL
synthesis and release may increase susceptibility to mammary carcinomas (Venugopal et
al. 1999). In order to provide more insight into the effects of AN extract on mammary
gland development and differentiation, experiments were performed as reported in
chapter 5. In that chapter, we investigate the effect of AN extract on cell proliferation
usingbromodeoxyuridin(BrdU).BrdUisananalogue ofthymidin thatisincorporated into
proliferating cells.
Tothis end,adult aswell asvirgin female ratsweretreated with ANextract, either oralor
i.m., with or without prior E2-priming. Perphenazine and sulpiride were used as positive
controls. Before sacrifice, a subcutaneous injection of BrdU was given. Pituitaries were
collected for PRL content determination. Mammary gland tissue was removed and
processed for BrdU immunohistochemical staining. The BrdU labelling index was
calculated from thetotalnumberofepithelial cellperunitofsurface area.
The treatment with AN extract resulted in a significant increase of PRL synthesis,
associated with increased lobulo-alveolar structure development, filled with basophilic
secretions and lipids globules compared to control groups. Mammary gland from either
perphenazine or sulpiride-treated groups showed a significant increase in pituitary PRL
content, associated with highly developed alveolae filled with basophilic secretions and
lipids globules, very similar to what has been reported for the lactating mammary gland
(Pitelka 1980,Jeffers 1935).
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Terminal end buds (TEBs) were completely suppressed in the E2-primed, high dose ANtreatedgroupswhentreatmentwasgiven intramuscularly. Mammary cellproliferation was
found to be significantly higher in all AN-treated groups compared to that of control
animals. This study shows that the BrdU labelling index was significantly higher for the
lobular structures than for the ductal structures in all AN-treated animals, indicating more
proliferative activity inthe lobular unit,which indeed istheworking unit ofthe mammary
gland (Stringer et al. 1990). In this chapter, we have shown that AN extract stimulates
mammary gland growth and differentiation from the least differentiated structures (TEBs)
to the highly differentiated ones (alveoli), and may thus have a stimulating effect onmilk
production.
Mammary gland development is the primary determinant of milk yield and persistency of
lactation (Kim et al. 1998), as said highly proliferative mammary gland may promote
development of mammary carcinoma (Harwell et al. 2002, Snyderwine 1999, Thompson
et al. 1998). On the other hand, reduction of the highly proliferative terminal end bud
(TEB) structures inadeveloping mammary glandbydifferentiation intoalveolar budsand
lobules as reported in this study, has been suggested to be protective of mammary
carcinoma. Moreover, it has been reported that women who have carried out at least one
pregnancy to term have lower circulating levels of PRL and a blunted PRL response to a
secretagogue (Musey et al. 1987). Based on the above we believe that the risk of
mammary carcinogenesis related to the use of AN extract is minimal, also since we have
previously (Chapter 2) reported that AN extract is traditionally used for induction and
stimulation of lactation in African women who will certainly undergo more than one
pregnancy. Although the variability in the degree of lobulo-alveolar development in nonpregnant rats has been found to be strain-dependent (Imagawa et al. 1990), the overall
pattern of growth and differentiation and generation of various morphological structures
shows striking similarities to that of humans. It has been reported that alveolar
differentiation is still incomplete during lactation in the rat ( Masso-Welch et al. 2000),
andthat epithelial cells are undergoing proliferation during thatperiod (Joshietal.1986).
Based on the fact that AN extract has been found to stimulate milk production and PRL
release in rats (Chapter 4), we hypothesise that AN extract can indeed induce milk
production inwomen.
Chapter 6 deals with the effects of AN extract on mammary gland growth and
differentiation. Are these processes only attributable to a response to the sustained
elevation of PRL synthesis and release or rather, stemming from a direct effect on the
mammary gland? As dopamine (DA) is the main inhibiting factor of PRL synthesis and
release from the pituitary, bromocriptine (CB154),anagonist of DA wasused to suppress
PRL synthesis and release in cycling female rats. Plasma and pituitary PRL, mammary
gland development anddifferentiation wereexamined after AN-treatment.Animalstreated
with sulpiride were used as positive controls. Plasma and pituitary PRL levels were
significantly increased in both AN extract and sulpiride-treated animals with a
concomitant lobulo-aveolar development with basophilic secretions in the lumen of the
alveoli. Treatment with CB154 indeed significantly lowered plasma and pituitary PRL
levels, compared to control but didnot suppress PRL synthesisandrelease completely. A
significant increase of pituitary PRL was observed in the group treated with 3 g AN +
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CB154 ascompared toCB154alone,although no significant change was found inplasma
PRL.Yet,oraladministration ofalowdose of560mgANwasnot insufficient to increase
eitherplasma orpituitary PRL levels.This suggeststhatthedoseof4.5mgCB154/kgBW
was sufficient inblockingPRL synthesisandrelease after 2daysoftreatment, andthatthe
increaseobserved after thehighdoseofAN islikelytobeaneffect oftheextract.
These findings suggest that AN extract acts through the hypothalamo-hypophysis-axis in
stimulating PRL synthesis and release, although other factors are likely to be involved as
well. Indeed, CB154 acts on the D2 receptors of the pituitary gland to inhibit PRL
secretion. Secretion of PRL, however, is not limited to the pituitary as numerous extrapituitary sites of PRL expression including the mammary gland have been reported
recently. Apart from the possibility that AN extract might act through stimulating the
release of other hormones (since treatment with E2 stimulates both PRL and GH release;
PRL eitheraloneorwith E2stimulatesprogesterone production, andtheseareallknownto
stimulatemammary growth and differentiation) itcouldbethatANextractacts directlyon
the mammary gland by stimulating either PRL-R or by activating mammary cell activity
by increasing amino acid transport. Most likely, all of these events may occur
simultaneously, as evidenced by the presence of basophilic secretion in the lumen of
alveoli of mammary gland from rat treated with CB154 + extract. Likewise,Euphorbia
hirta has noted to stimulate B-casein secretion in rat mammary glands after CB154treatment (Sawadogo etal. 1988).Prolactin playsakeyroleinmaintaining lactation inrat.
Moreover, suppressing lactating in rat by the use of CB154 led to a decrease of 57%of
milkyieldwith aconcomitantdecrease inmilkprotein andlactose.
These results indicate that the AN-extract indeed act by stimulating the synthesis and the
release of PRL and probably other pituitary hormones. In turn, these hormones stimulate
the mammary growth and differentiation. More likely, AN-extract may act directly onthe
mammary gland by stimulating the synthesis of milk components, although further
research isneededtoelucidate thepossible mechanisms ofaction ofANextract.
Moreresearch onthe effect ofAN-extracts onmilk secretion andyield iscertainly needed
before thefindingsfrom this research canbe used to improve traditional practices related
tothe management ofmilkproduction inthehuman.Workmayalsohavetobe conducted
onunveiled otherpossible positive ornegative effects ofANextracts. However, from this
study,the fact that atraditional practice has been demonstrated tobe scientifically sound,
improves the credibility of traditional medicine in general and the traditional practices
during lactation in particular. It is also opens a tremendous array of possibilities for
research ontradtional health carepractices and traditional useofplants.Aspointed outby
our survey, there are a large number of plants used to solve various health-related
problems. Thus, it seems reasonable to (i) suggest the development of specific research
programs on the subject in the near future, and to (ii) promote the inclusion of the
traditionalmedicine innationalhealthcarepoliciesandprograms.
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In dit proefschrift worden extracten van planten beschreven, welke worden gebruikt door
vrouwen in Burkina Faso voor de behandeling van problemen met de lactatie. De
biologische activiteit van planten voor de inductie en stimulatie van de lactatie is
onderzocht enmetnamehet onderliggende mechanismevandeactiviteit isvan een extract
isnader onderzocht inderat.
De lactatie-periode is een essentiele fase omdat een baby erg immatuur is direct na de
geboorte en daarom totaal afhankelijk van moedermelk in de periode daarna. Melk wordt
gesynthetiseerd in de cellen die rondom de alveoli van de melkklier liggen. Melk is een
complex product bestaande uit voornamelijk water, melksuikers, vetten (voornamelijk
triglyceriden), melkeiwitten (caseinen, lactalbumine), mineralen en immunoglobulinen. In
de westerse wereld is de overleving van de nieuwgeborene niet direct afhankelijk van het
vermogen van de moeder om melk te produceren, aangezien er een groot aanbod is van
commerciele kunstmelk. In ontwikkelingslanden daarentegen, is moedermelk essentieel
voor de overleving van de nieuwgeborene, omdat kunstmelk of niet beschikbaar is of
buiten de financiele vermogens van de familie ligt. Ondanks dat 99%van de vrouwen in
Burkina Faso borstvoeding geven, is de morbiditeit en mortaliteit van dejonge kinderen
nog steeds erg hoog. Colostrum en melk hebben een heel belangrijke functie bij de
immunologische bescherming tegen infecties. Een snel optredend tekort aan
moedermelkkwantiteit en -kwaliteit kan het welzijn en de ontwikkeling van een
nieuwgeborene schaden, waardoor later in het leven problemen met de weerstand tegen
infecties optreden. Met de gelimiteerde beschikbaarheid van moderne
moedermelksubstituten gebruiken Afrikaanse vrouwen in geval van problemen met de
lactatie liever traditioneele plantenextracten om de melkproductie te induceren of te
verhogen.
In hoofdstuk 1zijn de implicaties van de traditionele gebruiken van het borstvoeden in
deAfrikaanse leefgemeenschap beschreven. Daarnaast wordt een breed overzicht van de
regulatie van mammogenese, lactogenese en de daartoe benodigde hormonale regulatie
gegeven. Uiteindelijk worden de mogelijk oorzaken van problemen met de lactatie
bediscussieerd.
Met de huidige kermis is het duidelijk dat de lactatie het resultaat is van een lange serie
fysiologische processen die zich in de melkklier voltrekken van zwangerschap tot aan de
dag van geboorte en de eerste dagen daarna. De mate van succes van de lactatie is
afhankelijk van de mate van proliferatie en differentiatie van het melkklierepitheel envan
hetvrijkomen vanhethormoonprolactine (PRL)uitdehypofyse, nodigvoor de stimulatie
vandemelksynthese.
In hoofdstuk 2iseenveldstudie in 5provincies van Burkina Fasobeschreven, uitgevoerd
tussen 1997 en 1999, om te documenteren welke plantenextracten worden gebruikt om
problemen met de lactatie te behandelen. De ethnobotanische aspecten van deze
Afrikaanse planten met therapeutische eigenschappen zijn beschreven. Echter het aantal
vrouwen dat deze medicatie gebruikt en de mate van biologische activiteit van deze
extracten, zijn onbekend.
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InBurkinaFaso,en ook inverschillende andere omliggende landen,wordtAcacianilotica
var adansonii veelvuldig gebruikt, vaak in combinatie met andere planten in de
behandeling vanverschillende ziekten.Echter,uit ethnofarmacologisch, phytochemischen
toxicologisch onderzoek is, zoals beschreven in hoofdstuk 3, niet duidelijk welke
specifieke varieteiten gebruikt worden. Erzijn drie speciesbeschreven metbijna identieke
systematische karakteristieken, hetgeende systematiekvanAcacianiloticaerg verwarrend
maakt. Echter, de locale bevolking in de dorpen hebben hier geen enkel probleem mee.
Gebaseerd opdetraditioneele informatie dat eenextract vanAcacianiloticavaradansonii
(AN) de lactatie kan induceren en/of stimuleren, zijn experimenten in ratten, zoals
beschreven indehoofdstukken 4,5en6,uitgevoerd.
In hoofdstuk 4 is het effect van een waterig extract van AN op de melkproductie en de
PRL synthese en afgifte bestudeerd. Lacterende vrouwelijke ratten kregen dit extract in
een lage respectievelijk hoge dosis oraal toegediend gedurende 13dagen, te beginnen op
detweededagvan delactatie.Demelkgift werd gemeten door dejonge ratjes tewegen en
de toename in gewicht te berekenen. Uit dit onderzoek werd duidelijk dat de
moederdieren, behandeld zowel met de lage als met de hoge dosis, significant meermelk
produceerden en dat hunjongen sneller groeiden dan die van controle moederdieren. De
toenameinmelkgift wasreeds 24uurnahetbeginvandebehandeling waartenemen.
Het effect van het AN-extract werd ook bestudeerd in peri-pubertale en volwassen
maagdelijke ratten. Hierbij bleek dat dePRL-synthese en-afgifte bij deze ratten eveneens
werd gestimuleerd. Bij de peri-pubertale ratten was een korte voorbehandeling met
oestradiol nodig om het vereiste effect efficient te laten plaatsvinden. Dit suggereert dat
het extract de PRL-synthese en -afgifte stimuleert tijdens condities die aanwezig zijn
tijdens delactatieperiode.
In hoofdstuk 5 is het effect van het AN-extract op de proliferatie van cellen in de
melkklier bestudeerd door gebruik temaken vanbromodeoxyuridine (BrdU).BrdU is een
analoog van thymidine dat wordt geincorporeerd in cellen in de S-fase van de celcyclys
vlakvoordat zeceldeling ondergaan. BrdUwordt immunohistochemischaangekleurd voor
detectieinhistologisch materiaal.
Volwassen, maagdelijke vrouwelijke ratten werden behandeld met het AN-extract zowel
oraal als intramusculair, met of zonder voorbehandeling met oestradiol. Een uur voordat
de dieren werden gedood werd een subcutane injectie met BrdU toegediend. De
proliferatie van cellen in de melkklier was in alle groepen met AN-extract verhoogd. De
labelingsindex van BrdU was significant hoger in de lobulaire structuren in vergelijking
tot in de ductus structuren. Dit suggereert dat de proliferatieve activiteit met name
gestimuleerd wordt indelobuli,hetmelkproducerende deelvandemelkklier.
In hoofdstuk 6 is onderzocht of de effecten van het AN-extract op de groei en
differentiatie van de melkklier alleen dient te worden toegeschreven aan de gestimuleerde
PRL-synthese en -afgifte, of dat er ook een direct effect op de melkklier aanwezig is.
Aangezien dopamine (DA)debelangrijkste remmendefactor opdesyntheseenafgifte van
PRL in de hypofyse is,werd in de volgende experimenten bromocryptine (CB 154), een
agonist van DA. Vrouwelijke ratten, behandeld met CB 154, vertoonden inderdaad een
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verlagingvandegehaltesPRLinplasmaenhypofyse. ToedieningvaneenhogedosisANextract veroorzaakte een stijging van het hypofysaire PRL gehalte maar geen stijging in
hetplasma.
Deze bevindingen suggereren dat de mogelijkheid aanwezig is dat het AN-extract
werkzaam isopdehypothalamus-hypofyse asvia stimulatievan PRL synthese en -afgifte
maardatandereregulerende factoren zekernietkunnenworden uitgesloten.
Meer onderzoek naarde effecten van het AN-extract opdemelkkwaliteit en-kwantiteit is
nodig alvorens de beschreven bevindingen kunnen worden toegepast om de traditionele
gebruiken indelacterendeAfrikaanse vrouwteverbeteren.Ook isverderonderzoek nodig
om andere eventueel positieve dan wel negatieve effecten van AN-extract te bestuderen.
Het inditproefschrift beschreven onderzoek toont aandateentraditioneel gebruikvaneen
plantenextract inderdaad werkt en het beoogde doel heeft, te weten de lactatie te op gang
te brengen, c.q. te stimuleren. Dit opent perspectieven om onderzoek te verrichten op het
gebied van het gebruik van traditionele planten in de traditionele gezondheidszorg. Het
lijkt daarom redelijk om (i) speciale onderzoeksprogramma's te ontwikkelen op deze
onderwerpen, en (ii) traditionele gebruiken innationale gezondheidszorg programma's op
tenemen.
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