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Abstract

The crude extract from the dried fruits of Vitex glabrata
R.Br. centained 2,2896% 10'3lof ecdysone, By injection, it could
initiate molting in Macro brachium rosenbergii De Man whose effective

dose was 8,576% 107>

mg/g (hormone weight/body weight) in 10 days
and the concentration 1,7152 - 3,4304% 10"3 mg/g in 20 days after
they had been injecteds The lethal dose was 0.0989 mg/g (48 hrs.-

LC 50).



The growth of prawns from weekly injection of the low
dose (30% 10" and 3,5* 10'“ mg/g) should non difference to the
contral and the unilateral eyestalk alslation at p = .05, Although,
the growth rate indicies were 1,75, 1,91 and 2.0 times to the control,
In 30 days the percentage of the spawners were 50, 57, 33 and 20 of

the mentioned low doses, unilateral eyestalk ablatien and the control,
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Chapter 1

Introduction

The glant freshwater prawn is one of the most valuable
fishery resources. It is cultured in various areas in Thailand,
these increased from 600 rais (126 baht/kg) in 1978 to more than
40,000 rais (162 baht/kg; see table 1) in 1982. The rapid increase
in area resulted from the high price and demand but the productivity
is still very low. In order to increase the productivity it is
necessary to input technology for the prawn culture, such as use
of molt stimulafing hormone, because the prawn has to metamorphosis
and molt for growth and mating (gonad hormones will function gfter
a molt period)e Ecdysis is controlled by molting hormore (Ecdysone)
which is of the steroid hormone family, The compounds structurally
related to ecdysone are called ecdysteroids.

Ecdysteroids control physiological processes involved in
growth, differentiation and morphogenesis in arthropods and may also
be found in annelids and molluses. Development periods in their
1ife cycle have been shown to be under the control of ecdysteroids,
including embryonic development, postembryonic development through
several larval stages and the period of reproduction.

The giant freshwater prawn mas selected for this research
as the experimental animal because :

1. it is an important, economical fishery resources,

2, the distribution of cultivation is found widely in
various parts of Thailand and the fishermen face many problems involving

unecdysis which concerns growth and production,



3e the life cycle relates to the control of molting
hormone,

4, they can be selected at any suitable size, quantity
and quality,

5¢ they can easily be reared and cared for in the controlled
experiment and

6. the represent crustaceans and can be compared to those
such es crab (i.e., Sylla serrata), prawn and whrimp (i.e., Penaevs

monodon and P, merguiensis).



Table 1 The culture areas of Macrobrachium rosenbergii, price

and value
Year Areas Quantity Price Value
(rais) (tons) (Baht /kg) (1,000 Baht)

1978 629,88 4,97 127 630,29
1979 2,141,38 13,22 162 2,141,.38
1980 15,596.15 112,63 138 15,506.15
1981 25,062,07 156,94 160 25,062,07
1982 45,415,73 279.80 162 45,415,73

Source: Fisheries Department (1984)



1.

2.

3.

4,

Se

Definition terms

Crustecdysone (}3-ecdycone, 20-hydroxyecdysone or
ecdysterone) is a molting hormone first
found in crustaceans,

Ecdysone is a8 molting hormone whose formular is
(C27, H44, 06 melting point is 235-237 C.

It was first discovered among the molting
hormones family. It cen be derived from
cholesterol and it is the precursor to
other structures such as crustecdysones.

Molting is the process of preparation for withdrawal
from the old integument.

Molting hormones are a group of steroid hormones which control
molting cycle in animals. They can be
extracted from both animal and plant, in
various derivatives,

Neurosecretory cells are the cells structurally similar to
ordinary nerve cells and produce poly
peptide, neurohormones, the secretory
particles are electron-dense spheres
surrounded by membranes., ’The granules
range in size between 1,000 to 3,000 A.
in diameter. The difference between
neurosecretory cells and ordinary neurons are:

5¢l Their axons terminate in close association with blood

vessels or hemocoels and hence do not innervate on



an effector organ or make synaptic contact with other
neurons,
5¢2 The secretions elaborated by the cells are dissiminated
via vascular channels and produce prolonged effects
at distant sites.
6. Old cuticle is the old exoskeleton of crustaceans
which will be repaced by the new cuticle,
which is formed by the modification of
epidermis cells,
7. 48 hres, - LC 50 is the term of Toxicity Test showing the
concentration of the substance which killed

50% of the tested animal in 48 hours.



Chapter 2

Methodology

1, Objectives :

1., To extract molting hormone from the fruit of Vitex
glabratae

2. Study the effect of the crude extract on the molting
of Macrobrachium rosenbergii.

3, Study the relationship of the crude extract with the
growth of M. rosenbergii,

4, Study the ovary development effected by hormone injection

at various doses,

2, Boundary :

This research covers the crude extract from the dried fruit
of Vitex glabrata and its effect on molting, growth and ovary development

of Macrobrachium rosenbergiie.

3. Location and laboratories :
This research was done at :
Faculty of Enviroment and Resources Studies, Mahidol
University, Salaya Campus, Nakorn-chaisri district,
Nakorn-pathom province.
The hormone extract was done at :
National Inland Fisheries Institute, Kasetsart University,

Bangkok.



4, The expected results :

l. The crude extract should effect the molt cycle and could
be easily usede.

2, Increasing the growth rate of M. rosenbergii.

3. Reducing the mortality rate during the ecdysis becasue
they could molt in less time.

4o It was the basic study for further research such as into

marine crustacean propragation and production.

5. Duration of the experiments :

l. May -~ July 1985 prepared the materials and location
for the experiment,

2o July = December 1985 the experiment was done : hormone
extraction, toxicity test, molt, growth and ovary development,

3. December 1985 -~ February 1986 analysed and interpreted

data.

6. Methods :

A stock of females Macrobrachium rosenbergii (weight 20-25 g)
was prepared for the experiment, On arrival the prawns were rared
in glass aquarium (60 x 40 x 40 cm.) and airation was provided from
electrical air pumps, After two weeks the prawns were transfer to
small individual glass aquaria (30 x 15 x 20 cm.) containing 15 cm.
of water depth,

Care of the prawns was done daily by feeding 2.5% of body
weight in the afternoon using pelleted food whose protein level was
not less than 30% standardisation of the amount of food feed was

conducted every week. The excess food and faeces were removed every



morning and 3/4 water was drained and replaced.
The experiment was carried out and devided into two sub-
experiments. (See figure 1 conceptual frame work)
l. Toxicity; the toxicity of the extraction (See figure 2)
was tested after Probit analysis. The acute effect 48 hrs.-LC 50
was examined by the calculation of various doses of injection as
follows :
l. Dose A 0.2144 mg/g (hormone weight/body weight)
2, Dose B 0,1072 mg/g
3. Dose C 0,0536 mg/g
4o Dose Dr 0.0086 mg/g

5. Dose E 0,0017 mg/g

(Inject 0.1 mle for each prawn and the water qualities were analysed
every 6 hours).

2. GCrowth and ovary development, the period of this
experiment was 5 weeks, Observation and data collection were length,
weight, ovary development and water qualities.

The treatments for molt doses were :

l. Dose A 0,2144 mg/g

2, Dpose B 0,0429 mg/g
3. Dose C B.576% 107>
4 Dose D 1.7152% 10"3 mg/g
5. Dose E 3.4304% 107 mg/g
6. Right eyestalk ablation

7. Control



The treatments for growth and ovary development were

1. Dose X 3.0% 10™2 mg/g

2. Dose Y 3o5% 1074

mg/g
3. Control

4o Right eyestalk ablation.

The following water quality parameters were measured :

7 Materials

1.
2,
3.
be
Se
6o
7e
8e
%
10,
11,

l. temperature
2, pH
3. DO

4, Hardness

5 NH3 - N
6e NO3 = N
7 NO2 - N
8. PO4

Dried fruits of Vitex glabrata

Ethanol, Hexane, Ethylacetate and distilled water
Test animals (Macrobrachium rosenbergii)
Artificial food (Pelleted food)

Analytical balance and beam balance

Pressure - evaporator (Rotary-evaporator)
Chemical glass wares

Sylings

Demineralized water (for injection)

Suction pump and suction set

Filter papers



12,

13.
14,
15.
16,
17.

10

Glass aquarium (60 x 40 x 40 cm. = 5, 30 x 15 x 20 cm.
= 30) with air supply system

Plastic container (100 liters 5)

DO meter

Ion ifonizer for water analysis

Water analysis chemical

UV, spectrum



Giant freshwater prawn
(Macrobrachium rosenbergii De Man)

Adult female, intermolt stage

11

| J
Toxicity Molt doses

(Acute effect
48 hrs.~LC 50)

J v
1. 0,2144 mg/g 1. 0.2144 mg/g
2, 0,1072 mg/g 2, 0,0429 mg/g
3. 0,0536 mg/g 3. 8.576% 10™> mg/g
4o 0,0086 mg/g be 1.7152% 10~ mg/g
5. 0.0017 mg/g 5. 3.4304% 10~ mg/g

6. Rt. eyestalk ablation

7. Control

'Figure 1 Flow chart of the conceptual framework

Low doses

1. 3.0% 10°% ng/g
2. 3.5% 1072 mg/g
3. Control

4. Rt, eyestalk ablation

Growth Ovary development
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Vitex glabrata (Dried fruit)
Blended to Powder
v

Ethanol 95%

evap.(10 times) + 30% distilled

water
r l
Hexane (1 : 1, Vv : V) Residue
i }
Hexane layer Aqueous ethanol layer

evap.(10 time)

v

Ethylacetate (1 : 1, V : V)

7
Crystal product

Figure 2 Diagram for the ecdysone extraction from the dried

fruit of Vitex glabrata
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8. Literature reviews :
1. Molting hormones

Ecdysone is one of the steroid hormone family. It was
isolated from silk worm pupae by Butenandt and Karlson, 1954, After
that the chemical structure was analysed which the same in characteristic
and action as the ecdysteroids, and are derived from choresterol
(Rees, 1977; Wigglesswerth, 1970), These features are :

‘1. the entire skeleton of cholesterol with 27 carbon atoms
(some have 28 carbon atoms),

2, an X, ;Z = unsaturated keto-function located in ring B,

3. an unusual band in the steroid nucleus between rings
A and B caused by the hydrogen at C-5 in the }3 - position and

4e a number of hydroxyl groups in the steroid nucleus as
well as in the side-chain. These hydroxyl groups make the hormone
the most complex and the most polar steroid hormone found in animalse.
(Koolman, 1982; see figure 3) |

The main structure is tetracyclic nucleus and has 27 carbon
atoms and an OH group at C-=22 position in the formula C27 H&44 06
(©¢ - ecdysone). The melting point is 235-237°C and 242-244°C for

£ and ]5 - ecdysone, A strong absorbant spectral band was observed
242 nm, (in methanal) and an infrared peak at 1657 cm-l;»a proton
signal observed in the n.m.r. spectrum accounts for the 44 hydrogen
atoms in of - ecdysone (Morton, 1975). 1t is easily metabolised
substance which may occur by oxidisation, isomerization or conjugation

(See figure 4).
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Ecdysteroids have been found from various sources and devided
‘into :
l. Zooecdysones

2. Phytoecdysones

l. Zooecdysones

Most of the extraction of zooecdysone has come from the
arthropods. Butenaudt and Karlson, 1954 were the first to extract
ol = ecdysone, from silk worm pupae (Bombyx mori). Ecdysteroids
possess hormonal activity in the molting and metamorphosis of insects
and crustacea., After that many researchers obtained the hormone from
insects and crustaceans but in very small amounts : 25 mg of o< -
ecdysone from 500 kg of silk worm pupae, and 9 mg of ecdysterone from
2 tons of the pupae, 2 mg of ecdysterone from 1 ton of the crayfish
(Jasus lalandei) (Horn,et al,, 1968),

Rees, 1977 refering to Hanaoka, Kand and Onishi, 1924 stated
that the amount of ecdysone increased 2 days after molting in male
silk worm pupae but in the female it also increased a second time,

5 days after the first and the ovary development was formed better
after the later,

The problem, however, is the amount of zooecdysone extraction
is very low : 10‘“5 - 10".9 % by body weight (Lakawat, 1982 refered
to Bérdette, 1974).

At the present time ecdysteroids are found in many structures
due to their functional groups : (See figure 5 and table 2)

1, 20-hydroxyecdysteroids; Hormones number 2, 3, 4, 5, 6, 8,

9, 12, 14, 15
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2. 26-hydroxyecdysteroids; Hormones number 3, 5, 7, 12, 13

3¢ 3-epiecdysteroids Hormones number 8, 11, 12, 13

e

4, 2-deoxyecdysteroids Hormones number 4, 10, 14

-e

S5¢ 22-deoxyecdysteroids Hormones number 14

6. 25-deoxyecdysteroids ; Hormones number 4, 10, 14 and

7. Methyl homologues ; Hormones number 6, 9

The structures those are always found in the arthropods

are o< and ?3 - ecdysone (1, 2) but in a low concentration.

2. Phytoecdysones

The differences between zooecdysones and phytoecdysones
mostly occur in the side-chains. Phytoecdysones were found in many
species of plant and in several structures of hormones; crustecdysone
from Podocarpus elatus and other species by Galbraith and Horn (1966);
ponasterone A, B and C from P. nakaii by Nakanishi, et.al. (1966);
Burns and Gilgoan (1976) found crustecdysone and merkisterone A from
Taxus euspida. The structures of phytoecdysone; ponasterone A,
ponasterone C, cyasterone and ajugalactone A were mostly found (See
figure 6).

In this study the hormone was extracted from Vitex glabrata
ReBr. (Local name is Khai Nao). It is a middle sized tree found in
various areas, such as the central plain, beside the rivers and in
the forests, It has a green compound leaf with 5 component leaves;
3 of which are bigger. The fruits are small (as a thumb) sweet and

. smell slightly, The taxonomic classification is :



Division Magnoliophyta (Angiospermae)

Class Magnoliopsida (Dicotyledones)
Subclags Asteridae

Order Laminales

Family Verbenaceae

Genus Vitex

Specy Glabrata ReBre.

The other species in this family found in Thailand are

shown in Appendix 2.
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Figure 3 Show the position of carbon atom on the ecdysterone

structure.
hydroxyllation
side-chain clevage
z/// conjugation
OH
y «— Oxidation
OH hydroxyllation
. . 5 Ho
¢conjugation <<:T oH
N
HO

\

oxidation,redauctiorn-

Figure 4 Sites of metabolites converstion of ecdysone.



Ficure 5 Dcdysone isolated from arthropods the nwibers

refer to the ecdysteroids in table 2 .

18
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(= ponasterone A}

Gecarcinus lateralis®, haesolyaph

Table 2. Ecdysteroids isolated from arthropods. Only the first isolation which included a
physicochemical charactersation is mentioned. The biological activity seasured in
vivo in a Dipteran bivassay is expressed as percentage of the horsonal activity of 20-
hydroxyecdysone (partly taken fros Bergasasco and Horn, 1980).
Ecdysteroid foraula Source Reference Biological
acticity (1)
Ecdysone (1} Boabyx mori pupae Butenandt and Xarlson 100
(1954) |
Karlson et al.{1965)
, Huber and Hoppe (1965)
20-Hydroxyecdysone (2) Boabyx sori pupae - Hoffaeister and 160
: Grutzmacher (1966}
Bombyx mori pupae Hocks and Wiechert(1966)
Jasus lalandei* Haspshire and Horn(1966)
: total
20,26-Dihydroxyecdysone (3) Kanduca sexta pupae Thospson et al.{966) 10
2-Deoxy-20-hydroxyecdysone (4) - Jasus lalandeis galbraith et al.(19¢8) 100
25-Deoxy-20, 26-dihydroxyecdysone (5) Callinectes sapidus,® total Faux et al. (1969) 100
{callinecdysone & = inojkosterone
or 25-episer) - ‘
24-ethy1-20hydroxyecdysone (6) Callinectes sapidust, total Faux et al.(1969) active
(callinecdysone B = possibly
24-epi-nakisterone A} \ . _
26-Hydroxyecdysone (two isomers: (7) Handuca sexta eggs Kaplanis et al.(1973) inactive
25k and 2597) (See:Thospson et al
_ 1981)
3-Epi-20-hydroxyecdysone (8) Handuca sexta meconius Thospson et al.(1974) 10-20
24-Methy1-20-hydroxyecdysone {9) Oncopeltus fasciatus kaplanis et al.(1975) 100
{= makisterone A) eabryonated eggs
2-Beoxyecdysone (10} Boabyx mori ovaries ohnishi et al.(1977) 160
3-Epiecdysone (11) Handuta sexta pupae Kaplanis et al.(1979) 10-20
~ 3-Epi-20,26-dihydroxyecdysone {12} Manduca sexta pupae Kaplanis et al.(1979) {1
3-Epi-26-hydroxyecdysone (13) Handuca sexta esbryonated Kaplanis et al.{1980b) inactive.
2995
2,22-Dideoxy-20-hydroxyecdysone (14) . ‘Bosbyx sori ovaries Tkekawa et al.{1980) 10
25-Deoxy-20hydroxyecdysone (15) Callinectes sapidus*, embryos McCarthy(1970) 100

SOURCE - Koolman, 1982



Fonasterone A Ponasterone C

I I

Cyasterone Ajugalactone 4

Figure 6 Structure of phytoecdysteroids.
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2. Biology of giant freshwater prawn

(Macrobrachium rosenbergii De Man)

2.1 Classification

Phylum Arthropoda

Class Crustacea

Order Decapoda

Family Palaemonidae

Genus Macrobrachium
Speciles | Rosenbergii De Man

2,2 General characters

This prawn is a freshwater animal but spawns in brackishwater.
It has a segmented body covered by an exoskeleton., The body is
separated into two parts, the cephalothorax (head and thorax fused

together) and the abdomen. The carapace has a rostrum, external

compound eyes on eyestalks, antenal spines and a hepatic spine., The
abdomen is devided to six segments and ends is the telson and uropods,.

Most of the internal organs lie under the carapace cuticle except

the intestine and abdomen vessels,

The appendages are composed of antenules, maxillipeds and
periopods on the carapace and pleopods on the abdomen, The male
prawns have a greater maxilliped on the fifth carapace for defence
against enemies, catching food and mating. The ventral abdomen
cuticle aperture is narrow. The genital pore is situated on the

fifth periopod and the second pleopod has two appendages (masculina
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and interna)s The females genital pore on the third periopod and
the second pleopod has only one appendice., During the spawning
season the ovaries develop to maturation stage, At which time they
can be seen easily at the top of the carapace where as ripe ovaries,
they are yellow to orange in colour, The first to fourth periopods
have many pleurea in order to hold the eggs until the hatching time.

The female will molt before the male attacks for matinge

2.3 Distribution

Gliant freshwater prawn is ommivorous, a scavenger and some
times a calnibalish animal if they hungry and can not find any food,
Prawns in the natural habitat, stomach content analysis showed food
consisted of crustaceans, small fishes, mollus, aquatic plants, algaes,
polycheates and insect larvae,

The prawn can easily be fed with artificial food (pelleted
feed) with calculated nutritive value essential for prawn culture,

The larvae can be feel with artemia larvae grown from cysts,
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3. Molting in crustaceans

The molting—process is very important for crustaceans,
because the process dominates it's life especially for growth and
development. Metabolism, behavior, reproduction and sensory acuity
are all affected both directly and indirectly during the molting
period. Molting was first studied in 1712 (Darch 1939 refered to by
Passano 1960) at that time the term molting refered to the actual
exuviation., The present understanding of the term molting is used
in the larger sense to cover all the processes of preparation for
withdrawal from the old integument, ecdysis and postecdysis increase

size in linear as well as subsequent tissue growth. In this sense

the crustacean is never free from some part of molting except in the
special case of a terminal period in its life when growth has stopped.
The frequency of molting is very often in the larval stages and the
intermolt interval increases with age and size.

Five stages can be recognised in the molting cycle, as

follow :

1, Immediate postmolt (A) is the period during which a
new cuticle is formed through the redeposition of chitin and inorganic
salts, (See figure 7)

2, Postmolt (Meta ecdysis; B) is the period that the new
cuticle is hardened.

3. Intermolt (C) is normal character, but there is normally
some storage of reserves in preparation for the next molt (See figure 8)e

4, Premolt (Proecdyeis; D) is the period that inorganic
constituents of the old cutide are reabsorﬁed and stored in gastroliths

or hepatopancreas. Oxygen consumption increases glycogen is deposited
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in the hypodermis and lost limbs are regenerated rapidly. High calcium
ion concentration is found in the blood and the new cuticle is formed
in hypodermis (See figure 9, 10),

5 Molt (Ecdysis; E) is the sloughing off of the old cuticle
and this is accompanied by a marked increase in size that results
from a rapid absorption of water, which occupies enough space to

permit growth even after the new cuticle has hardened.

The conclusion of molting cycle is shown in table 3,
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Table 3 The solting cycle of nanantia modified from Darch, 1936; Passano, 1960; Dall, 1964 and
Turner and Bunguara, 1971.

Stage

Buration (%)

Characteristics

& {Ismediat postmolt)

Al(Pre-a)
A2(Post-4)

B (Posteolt)
Bi(Pre-g)

B2(Post-8)
C (Intermolt)

D (Premolt)
~ mipre)

Di{Early-D)

D2(Mid-D)

D3(Late-D)

 pa{Last-D)
£ (Holt)

2.5

16.5

21.0

>60

~ unknown

415 -

17.0

Very soft cuticle '

Branchiostegites flexible; bend under slight -
pressure; spine satrix retracts toward siddle
of spine, the epidersal cells still taller,
new cuticle is formed by chitin, protein,
calcium  and  inorganic  deposition  in .
amoebocytes (reserre cells).

New cuticle is hardened.

Branchiostegites semirigid, conical base of spines
absent. _

Conical base of spines partially formed.

- Cuticle fully formed; conical base of spines

complete; the epidersis is a tin layer cells
and generally reseves energy in preparation
for the next molt.D (Premolt)

Hormones activation; the epithelius then seperates
fros the old cuticle,

New spine formation begins; initial retraction of
nerve fisher from the cavity of old spine then
has a secretion after that the morphological
details of new spines becose visible. The
cuticle spearates from epidersis.

Formation of pre-exuvial layers of new exocuticle.
The colusnar epidersis increased in depth, the
pew  epicuticle can be seen between the
epidernis and the old cuticle; the exocuticle
is forsed. :

Resorption of part of the old cuticle, the
epidermal cells become increasingly tall,
numerous tegusental oland and amoeboid cells.

0ld cuticle splits in preparation for ecdysis

Ecdysis. It is the sloughing of the old cuticle
and increase in size results fros @ rapid
absorption of water, which reserves enough
space to permit grouth even after the new
cuticlel has hardened.
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epq, Old epicuticle; ex,.old exocuticle; end, endocuticle:

epy, new cpicuticlc; ex;, new exocuticle; es, cpidermis.

Figure 9 Cuticle and epidernis (stage D2),
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Figure 10 Cuticle and epidermis (stage D3).
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4, Factors effecting molting

Molt 1nit£;;ioﬁ espectially the premolt stage is under
central nervous system (CNS) control by nerve cells : neurosecretory
cells and endocrinal glands. The factors iniciating molting include :

le stimuli which influence the CNS to premolt stage,

2, changes in the quality and quantity of hormones and

3. physiological effects due to hormone activity,

These consist of two types of factors :
l. External conditions

2, Internal conditions

l. External conditions

l.1 Light, Both intensity and duration effect molting.
A constant intensity of approximately 10 lux {inhibits molting in
Gecacinus sp. for many month, even though all others conditions are
optimal. Light stimulation acts through the compound eyes and can
help the premolt as long as it is in pre-premolt stage. However,
ovary development occurs during the short day length for the cray
fish (Orconectes sp.)e |

1.2 Temperature. Generally at higher temperatures molting
frequency is increased and is better than at lower temperatures.
Eyestalk ablation has shown a positive effect at the heigher temperatures
with the molt cycle being inhibited when the temperature drop below
14°C in Pachygrapsus crassipes and below 17-18 °C in Xantho incisuse.
On the other hand the opposite effects were observed 15 carcinus sp.
when the temperature was over 34°C. So that both lower and higher

temperature may causes the stress and block moltinge
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le3 Life cycles In the larval stages the frequency of
molting is very high to allow for the metamorphosis and growth.
During the reproductive period, mating will take place after ecdysis
of female and both male and female gonad development will occur after
ecdysise

le4 Age. The older animals increase in weight and the
molt cycle period is longer. Duration of the preparation time for
energy storage and weight increase, for the next molt requires more
time. AIn M. rosenbergii there is a linear relationship between

molting duration and weight and is represented by :

t = B,66797 + 0,43513*%* W; r = 00,9831
where;
t = duration for molting (days)

W = weight (g)
(See table 4)

le5 Foods. The quality and sufficient quantity of the food
are essential for health, metabdliam and development. These provide
an energy for the next molt, Some constituents of food composition
stimulate molting such as fatty acids and minerals (calcium; which

is essential for cuticle formation).

There are some other external conditions which influence
molting, such as salinity, humedity and community, These were acaréely

studies because they did not appere to be problematical.



Table 4 Duration of molting depends on weight

(Modified from Bunchong, 1980)

Weight Duration
() Macrobrachium | Penaeus Penaeus monodon
resenbergii japonicus male female
(1.5 - 6
2,5=5.0 9 -
6.0-10,0 13.5 -
11,0=15,0 17.0 17,0
16.0-20,0 18,5
21,0-25,0 20,0
2640-35,0 22,0
3640~60,0 2224
5040=75,0 - 23-30 18-21

M, rosengergii

t = 8,66797 + 0,43515* W r = 00,9831

where

t

molting duration (days)

W = weight (g)
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2, Internal conditions

The internal conditions include hormonal and endocrinal
systems. The endocrine glands secrete hormones which are carried
by the circulatory system to the target organ (See figure 11).

The neurosecretory cells produce neurchormones that control
such processes as growth, reproduction molting, water balance,
pigmentation and blood chemistry. The cells are scattered in various
parts of the nerve system, but there i{s a tendency in vertebrates for
such cells to become aggregated in the diencephalic portion of brain.

In crustaceans the neurosecretory cells are controlled by
the central nervous systeﬁ and found in the brain and other ganglias,
The important neurosecretory centers are found in connection with the
optic ganglialying'within the eyestalk (See figure 12). The best
known of these are the x-organs which are present in the eyestalks
of most stalked species, or in the head in unstalked species., The
neurohermones produced from x-organs and other neurosecretory cells
are stored in sinus gland. In addition to discharged secretions,
they contain nonglandular cells that seem comparable to the pituicytes
present within the pars nervosa of the vertabrate neurohypophysis,
they are chiefly storage-release centers for neurohormones.

The others three endocrine glands are not composed of
neurosecretory cells and are the Y-organs, the androgenic glands and
the ovaries, The Y-organs are located in the antennary or maxillary
segment and resemble in some respects, the prothoracic, molt regulation
glands of insects. They appear to be devoid of direct innervation
and are probably regulated by neurosecretions derived from the x-organ

sinus gland complexes. Androgenic glands are generally located outside
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the testes and are typically found along the vas defferens, that
develop in male and in the ovaries in female both are propably controlled

by neurohormones from x-organ sinus gland complexes also,

2,1 Effect of hormones on molting

Growth is a discontinuous process in arthropods, increase
in size being restricted to the period between lost of the old exocuticle
and the production of'a new one (See 3-molting in crustaceans). In
most species of crustaceans eyestalk ablation accelerats molting
and precocious growth, Extracts of the glanglionic *-organ sinus gland
complexes act to prevent malting. Many researchers have done this in
the tropics, which led to the conclusion that neurosecretory cells
in x-organs secrete molt-inhibiting hormone (MIH) that is stored and
released from the sinus gland, The y~organs produce a positive role
in the molting process (molting hormone, MH). It seems to be possible
that the x-organ sinus gland complexes secreteing MIH may exert its
effects by regulating the functional status of the y-organ, MIH is
continuously produced during postmolt and intermolt periods to stall
the production of MH by the y-organs; during premolt, the MIH diminishes
and the y-organs are allowed to secrete MH, (See figure 13).

2.2 Effect of hormones on reproduction

Hormones regulating the differentiation of male and
female sexual characteristics arise from the ovaries and the and-
rogenic glands (gonad hormone, GH). The neurosecretions of the x-organ
sinus gland complexes have inhibitory effects on ovarian maturation
and secretory activity of the androgenic glands (gonad inhibiting
hormone, GIH); The MH from the y-organ is also essential for normal

differentiation of both the ovary and the testis,
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The eyestalk ablation of prawn during the periods of sexual
quiescence is followed by the enlargement of the ovaries and by a
precocious deposition of yolk in the oocytes, X-organ sinus gland
complex extraction effectively prevents ovarian enlargement when
injected into the female but there is no effect when given to very
immature females or the one immediately after the end of the reproductive
period. The primary ac;ion of this ovary inhibiting hormone is to
present vitellogenesis. The production of this factor is apparentlf
regulated by environmental stimuli that effect sensory receptors.
In the male the androgenic gland hormone regulates spermatogenesis
and secondary sex characters of the male. The androgenic gland
ablation reduces activity in the testis also .

The scheme of hormones fluctuation during molt cycle is

shown is figure 13 and the hormonal system is shown in figure 14,

L 101%%5 14



precursbr
rietabo
lite

nornone

blood

l

1

cell

Gland cell

Ny
> -

blood

o

Ny L.

bt
i

H
H oe—m—sH
=] hormone netabolite
Z s
. norrione horr.dne
lion-target ,IZV etabolik netabolit Vi
i > metabolite netabolite 5

7
recepter

Figure 11 Scheme of hormonal system.

Target organ

Lxcreting cell



medhlla externa

sencory

cedulla

(Top view )

L

BRI
l!\“\. \ .“u:"
pisadadartd

$ — -
<

Reconstruction {rom serial scctions of evestalk ganglia and related struclures
Cur. cuticle: L.G. Jamina ganglionaris; Af.E, medulla externa: M.E X, medulia externa
organ; M./, medulla interna: AM.J.X, medulla interna organ; AM.7. medulla terminatlis;
- M.TX, meduliz terminalis organ: NV, epincurium: . Tr. neurosecreton tracts: Ret. reticular
connective tissue; S.G, sinus gland; §. 7, sensory pare, organ, and ncurosecretory tract from
" medulla terminalis.

Figure 12 Top view and serial section of eyestali:.

35

-1edulla internc

nore

terzinaris



M
te

TTRATT

SRR S LOR I

T |l
prenolt =olt rostnolt inter 22t

Figure 13 Scheme of hormones fluctuation during molting cycle.

36



37

Brain, Diencephalon

Neurosecretory cells

Neurohormone

Y-organ « ¥=organ sinus gland complex

i ¥ | y
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molting gonad development

inhibit

inhibit

1'SH = lfolt-stimulating hormone (Ecdysone)

GSH = Gonad-stimulating hormone
MIH = Molt-inhibiting hornone
GIH. = Gonad~inhibiting hormone

Figure 14 Diagram shows hormonal systen.
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Chapter 3

Results

l. Hormones extraction

Fresh fruits of Vitex glabrata were collected and dried at
40°C for 1-2 weeks, The water content of fresh fruit is 89,.58%.

The extraction method was done by the mentioned methodology (See
figure 2)e A crystal, which is the final pr§duct, was stored at 0°C
and diluted to various concentration for use,

The standard curve of the hormone was prepared from 95%
oL - ecdysone produced by Sigma Limited, USA. By scanning of the
UV spectrum the wave length of the best absorbance peak was at 250
nm. (See figure 15).

The standard relationship is represented by the equation :

CONC = 0.0487% ABS + 0,0001; r = 0,9997
where;
CONC = concentration (mg/ml)
ABS = .absorbance (mm.)

(See figure 16)

From the scanning of the crude extract of Vitex glabrata
(see figure 17), the absorbance peaks were at 236, 244, 250, 254, 262,
272, 282 and 290 nm.. The 250 rm. peak shows the highest absorbance
(3.9123) and the concentration was 01908 mg/ml.

To convert this figure to the ecdysone concentration in the

dried fruits, the calculation is 2,2896%* 10'31. (See appendix 1)
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2, The toxicity test

The crude extract was diluted to five concentrations with

the demineralized water as follow :

l, dose A  0,2144 mg/g (hormone/body weight)‘
2, dose B 01072 mg/g
3. dose C 0.0536 mg/g
4, dose D 0,0086 mg/g

5. dose E 000017 mg/g

The crude extract of Vitex glabrata is an foreign substance,
it is toxic to the prawns at high dos¢s. The ecdysone content in
the crude extract stimulates molting éctivities. At the highest
dose (0,2144 mg/g) in the experiment the prawns displayed abnormal
molting, some formed only the new carapace or abdomen cuticle and
died at the molt stage. The high dose (0,1078 mg/g) caused death
to the prawns during the late premolt to immediate postmolt. This
might be the effect of high concentration accelerating stimulation.
of the molting metabolism, resulting in an incompleted form action
of the new cuticle. From the water analysis the injected prawn seemed
to excrete hormone in the urine as quickly as they could (Some of the
toxic substance is thus excreted from the body in the urine and faeces).
The highest ammonia nitrogen (NH 3-N) concentration, for each treatment,
was reached at 24-30, 30-36, 36-48 hours after injection for dose A,
B, and C-D-E respectively., (See figure 18 and appendix 3)

The acute effect of the injections, 48 hrs. - LC 50, was in
the 0,0989 mg/g dose, which was an extremely high dose. The relationship
between mortality rate and lethal concentration after 48 hrs. is

expressed by



log (M(1))
T
where

M(1)

c(1)

(See figure 19

= 2,3636 + 0,6614*% log (C(1))

a 0,9924; at p = 0,05

= percent mortality at dose {

= concentration of hormone at dose 1

and Appendix 4)
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3. Effect on molting

The crude extréct was prepared for 5 dilutions in demineralized
water (See table 5). The solution were injected at the first somite
of ventral abdomen, The amount of solution for each prawn wis Ocl ml.

The efficiency of hormone, in the terms of molt inééx,
acted in the positive way on molting the most effective doses (A and
B) induced molting in all prawns within 2 days of having been injected.
Dose C and D were moderately effective, dose E and right eyestalk
ablation were the least effective within 2 days, while the control
displayed no molting, However,the prawns injected with dose A died
within 10 days. Thus dose B and C were the most effective after
injection for 10-20 dayse The molt index of dose E, right eyestalk
ablation and the control were similar within 30 days.

The solution not only induced molting within the mode of
the same time, but also decreased intermolt periods Eyestalk ablation

is not suggested to be done because it caugsed prawns to be anxious

and they displayed abnormal behaviours,
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Table 5 Effect of the crude extract on molting, survival and

growth rate index, by injection, in Macrobrachium

rosenbergii.
Concentrations Molted | indices time | (days)
(mg hormones/g body weight) 2 10 20 30
A. 0.2144 1.0 died - -
B. 0.0429 1.0 1.5 200 -
Co 8.576% 1072 0.7 1.0 13 | -
De 1.7152% 107> 0.5 0.7 1.0 | 1.5
E. 3.4304% 107% 0 04 0.9 | 1.3
Rt. eyestalk ablation 0.6 1.0 1.0 1.0
Control 0 0 0.6 0.8
> Yi
Molted index = = —
xi
iml
X{i : Number of survival in i day
YL : Number of moltings in i day
n : Duration (days)
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4, Effect on growth

The prawns were fed pelleted feed which céntained at least
30% protein. Feeding was in the afternoon each day. The amount of
food was 2,5% of the body weight and recalculated every week.

The final (30 days experiment) weight increments were l.75¢
069524, 1491 + 1.0254, 1 + 0,6728 and 2,0 + 0.8532 g for A (dose x;

3,0% 1074 mg/g), B (dose Y; 3,5* 1074

mg/g), C (control) and D (right
eyestalk ablation) respectivelye

The growth rate index indicated that treatment A, B and D
showed better growth than C. They grew 1,75, 1,91 and 2.0 times faster
compared to control ( See table 6). But the statistical test (completely
randomised designs, (RD) showed non significant different growth among
the treatment (at p ) 0.,05; see appendix 5)

The relationship between initial weight and time and growth

increment were linear :

W(t) = a + b* T(w) sessssecses(l)

GW{t) = a + b* T(w) ccccccssce(2)
where;

W(t) = weight at time t (g)

T(w) = time (weeks)

Gi(t) = weight increment at time t

from initial weight (percent)

(see figure 20 and 21)

Treatment Aj

W(L) = 22,896 + 0.481*T(w); r = 0,9798

GW(t) = 0,872 + 2,137* T(w); r = 0,9798



Treatment Bj

w(t)

20,864 + 0.454*% T(w) ; r = 0,9525
GH(L) = 0850 + 2,234* T(w) ;3 r = 0,9586

Treatment Cj
W(t) = 214464 4+ 0,478% T(w) 3 r = 0,934
CH(t) = 1,150 + 2,252% T(W) s r = 0.9434

Treatment Dj
W(t) = 21,934 + 0,611* T(w) ; r = 0,8975

GW(t) = 2,116 + 2.834* T(w) ; r = 0.,8973

All the coefficients of correlation were acceptable at
p € 0,05 (the data is shown in Appendix 6). The water properties

during the experimental period were;

temperature (°C) 27,12 3 0,5263

Hardness (mg/1) 5762 3 0,9884

D0 (mg/1)

NH3 =N (mg/1)
NO3 ~N (mg/l)
N92 N (mg/l)
P04 (mg/l)

(See Appendix 7)

5.5 + 0,1871
nil

1.14 3 002326
nil

{ 0.05
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Table 6 Weight increment for each treatment (30 days)
Weight increment SeD. Growth | Surviwal
ove (%)
(g.) index ratell
A(3.0x10™* mg/1) 1.75 £0.9524 | 1,75 100
B(3.5x10™% mg/1) 1.91 £1.0256 | 1,91 100
C(controlX 1.0 40,6728 1.0 100
D(right eyestalk 2,0 +068532 2,0 100
ablation)

Growth rate index =

Body weight increment of each treatment

Body weight increment of the control
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5 Effect on ovarian development

The prawns wére injected with the dose X (treatment A; 3.0%

1074

mg/g) and dose Y (treatment B; 3,5* 10-4 mg/g) everyweek and
compared to the control (treatment C) and the right eyestalk ablation
(treatment D)e The shortest molting times were 3, 3, 5 and 2 days
for A, B, C and D respectively, If the ovaries had developed fully,
it spawned in l-3 days after the first molting,

The interval between the beginning and maturation was more
than 20 days for A, B and D but, more than 30 days for the control
©. |

The interval between the molting and maturation was 20-30
days for A, B and D (See table 7).

The percentages of the spawners were 50, 57, 20 and 33 of
A, B, C and D respectively, (See figure 22)

For A and B the ovaries were induced to maturation during

the second and third week, after the first and second injections and

in the first week by eyestalk ablation.



Table 7 Ovarian saturation and spawning of female Macrobrachium
rosenbergii,

Holting days Final ovarian Spawning days  Remark

from the stage ofter the
beginning (30 days) first solting

4.Dose X(3.0%10 ) injected every week

1 ~ 7 1 2

2 4 3 -

3 9 2 1

4 7 2 2

5 3 2 -

é 7 3 : :
B.Dose Y(3.5xi0 ) v inject every week

! 7,20 2 3

2 ‘16 1 2

3 15 0i1 1

4 v 3 2 =

8 10,14 3 o

6 12 2 2

7 10 1 =
C.control

| 25 i o

2 20 1131

3 - 1

4 3 2 =

5 5 4 =
D.Rlight eyestalk ablation

! B\ 7 4

2 2. 811

3 5 2

4 2 2 >

5 5 1

& 2 011
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Chapter 4

COnciusibns and Discussion

4.1 Conclusions

The conclusions of this research are :

l. The indicated extraction method provided the crude
extract 1,552% from dried fruits of Vitex glabrata, which contained
ecdysone 0,1475%,

2, The 48 hrs.~LC 50 of the crude extract on Macrobrachium
rosenbergii was 0,0989 mg/g.

3. The molting was initiated in 10 days, after they were
injected by the crude extract at the concentration 8,576%* lO'3 mg/g,
and the survival rate was 100%. Doses of 1,7152% ZI.O"3 and 3,4304% 10-4
mg/g stimulated all prawns to molt in 20 days, after injection and
the survival rate was 1007,

4e The growth rate in 30 days, with the crude extract
(3.0* 10'4 and 3,5% 10“ mg/g) injected weekly and the right eyestalk
ablation were not different from the control at p) 0,05, However,
the growth rate index of the indicated doses and the right eyestalk
ablation were 1,75, 1.91 and 2.0 times the control respectively,

5 The ovaries seemed to be developed to maturation by
the weekly injection of the crude extract by the concentration 3,0%

-f

1077, 3,5% 10" mg/g and the right eyestalk ablation in 20 days

compared to more than 30 days in the control, During the experiment
the percentages of the spawners were 50, 57,33 and 20 with the crude

-4

extract injections (3,0* 10~ and 3.5* 10.4 mg/g), the right eyestalk

ablation and the control respectively.
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4,2 Discussion

The usage aof the crude extracts of Vitex glabrata by the
indicated method can initiate molting in Macrobrachium rosenbergii,
at the recommended dose and it is very safe for using because toxicity
is only observed in extremely high doses,

The growth rate after low concentrations of the crude
extract injection, the unilateral eyestalk ablation are not different
from the normal, The results show that the injected prawns displayed
normal growth and they seem to be better than the control because the
growth indices are greater. Another adventage is that the low
concentration induces ovarian maturatiﬁn in 20 days by weekly injection.

However, the growth rate can be increased by ueing the
crude extract at the suitable times. As growth in crustaceans is
discontinuous and they have to molt for growth and development, so
thgt they are always in molting stages from the first molting to the
next moltinge Weight slightly decresses during the molt and immediate
postmolt stages then increases rapidly during the postmolt to premolt
stages, because they have to store energy for the next molting. If
we could reduce the time interval between the intermolt and premolt
stages (60% of the time interval during molting cycle) to allow
constant or nearly constant growth and get resolve the unmolting
problem, grate advances could be made in this fishery. This seems
to be possible by further studies in this field.

The results can slso be adapted to other fishery resources,
such as marine shrimp farm, prawns cultivation and propagation with

coresponding enviromments,
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All the work done can be applied to utilisation of fishery

resources and the following suggestions for further studies are :

le To develop the extraction method.

2, Select other plants in the same family as Vitex blabrata
to extract and test for the ecdysone concentration,

3. To study on cost analysis of the hormone extraction
procedure,

4. Study on the crude extrac mixed in the diet at various
concentrations for shrimps and prawns.

5 Study on feeding rate and time of the crude extract
retention in the diet.

6e The effect of the crude extract on the different stages
of shrimps and prawns in the life cycle.

7o The effect of the crude extract on the ovarian maturation
of the other prawns, such as Penaeus monodon.

8+ The effect of the crude extract and somwe environmental
conditions such as salinity, light, on the ovarian maturation.

9, Study the cost-benefit analysis for the use of the

hormone mixed in the diet or with other cultivation methods.
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Appendix 1

Hermone contents in the dried fruits of Vitex glabrata

1, Fresh fruits weight 2,400 g, (dried at 40°C)
2. Dried fruits weight 250 g.
Water content 85458 %

3¢ From 2. by the given extraction method we got the crude
extraction weight 3.88 g (1.552% of dried fruits)

4o The crude extraction was diluted in 30 ml deminerized
water. Then it was determined the concentration by the UV spectrum
at 250 mm,

The ecdysone concentration was 0,1908 mg/ml. So that
the amount of tetal hormone was 5.7240 x 10™3 8o

(0.1475% in the crude extraction and 2.2896 x 10"3 % in the dried

fruits)e
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The species of the plant genus Vitex found in Thailand

(Smitinand, 1985)

Species

canescengs Kurz
carbunculorum Smith & Ramas
gltabrata Re Bre
limonifolia Wall

negundo Linn.

peduncularis Wall

plerriei Crai

pinnata Linn

pteropoda Miq.

quinata Williams

Siamica Williams

trifolia Linn

trifolia gimplicifolia cham,
tripinnata Merr

urceolata Clarke

vestita Wall

Local named

Kaanon lua, Khong laeng
Ma Khaang

Khai nao

Teen nok

Khonthee khemaa
Kaa saam peek

Maak lek maak noi
Teen nok.

Ee pae, Taphun thao
Krachang khaeo

Khon Thise

Khon Thiso Thall
Sukhaang

Taayang

Teen nok
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The water ﬁropérties of the 48 hrs.-LC 50
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The water samples wefe taken every 6 hours from strarting

the experiment to 48 hours.

Ae
Be
Ce
De

Ee

The water properties of Dese A

"

1

n

”n

"

n

”

B

C

(0.2144 mg/g)
(0.1072 mg/g)
(0.0536 mg/g)
(0.0086 mg/g)
(0.,0017 mg/g)
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Appendix §
The analysis of variance {Completey randosised sesigns CRD.) of weight gain
Correction term = 94 4066600
Source DF  Sus of Sguares  Mean Squares Yariance Ratio  1SD 1Y SLD 5% Probef ) F
A 3 . 1506960E+01 .302032060E+00 .58623790E400 1.0000
ERROR 20  .17127240E402 .85636220E400
TOTAL 23 .18633340E+02 .81014520£400

Standard Deviation, given froe squre root of EMS, is " 92d539840E400

Table of Means
.2033340E 401 .17142860E+01 .18400000E+D! . 23666670E401
Tabulated t at 5% is 2.086 Tabulated t at 1% is 2.845
Calculated t between mean I aﬁd mean I

1 2 .620 13 . 345 14 624 2 3 232 2 04 1.267
3 4 948

[End of Output)



sppendix 6
WNeight and growth increment of each treatsents.

Height §.D. Growth incresent
Weeks {g) C Y
Treatsent A; 1 22.50 4.1231 0 0
2 23.38 4.3236 0.88 3.91
3 23.75 4 4366 1.25 5.5
] 24.13 §.4742 163 7.2¢
5 24.53 40643 2.03 9.02
Treataent B; 1 20.68 1.2267 0 il
2 21.34 1.4627 .66 3.19
3 22.00 - 1.4048 1.32 6.38
4 22.44 1.3770 1.76 8.51
5 22.40 1.7116 1.72 .51
Treatsent C; 1 21.22 2.3962 i} 0
2 22.02 2.6414 0.80 3.77
3 22.68 2.5801 1.46 £.88
] 23.12 2.5994 - 1.90 8.95
5 23.06 2.3479 1.84 8.¢7
Treataent D; 1 21.48 1.3303 0 0
2 22.68 1.2719 1.20 5.59
3 23.72 1.8411 2.4 10.43
] 24.05 1.7547 2.57 11.96
5 3.8 1.7706 2.37 11.03
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CENTRALIJBRARY. 6%
sppendix 7MAHIDOL UNIVERSITY
The water properties during the experinment

- e e e e s e e o O e _——— -

Properties - Weeks

| 2 3 4 5 gean S.D.
Temperature { €) 272 278 2.5 27.4 26.7 27.12  06.5263
pH 8.7% 8.68 8.82 8.1 8.65 8.72  0.0661
Hardness (mg/l) 8.4 56.9 58.6 57.9 56.3 57.62  0.9884
D0 (mgfl) 5.5 5.2 5.6 5.5 5.7 5.5 0.18M1
NH3-N (mg/1) nil 0.005 0.005 nil 0.005 nil -
NO3 -N {sg/l) 1.04 1.16 © 1.16 0.84 1.48 1.14  0.232%
NOZ -N (mg/l) onil il nil nil nil nil =
Po4 (mg/l) 0.05 0.05 ¢0.65 nil {0.05

o 8 e A 0 e A o o R o U O A i e e e e o o U e e e e - ———

The water samples were taken fros the stocking tank which had been airated overnight.
The samples were weekly collected at 1 p.o.



