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Abstract

Pueraria mirigica (Pm) bulbs extracted by 99% ethanol (PmEtOH) and distilled water
(PmHOH) were treated on American cockroaches, Periplaneta_americana by mixing them with
standard layer feeds (SIf) and water (H,0). In Experiment 1, there were 4 replications 7 treatmentg
viz; 1) SIf + H,0 (Control) 2) SIf. PmEtOH + H,0 3) SIf. + H,0. PmEtQOH 4) SIf. PmHOH + H,0
5) Sif. + H,G. PmHOH 6) SIf. Estrogen + H,0 and 7) SIf. + H,0. Estrogen. Both PmEtOH and
PmHOH uszd were at 10% w/w and 12 x 10~ mg w/w commercial estrogen (Premarin) was treated
for 45 d and left for 15 d for residual effect observation while Experiment 11 was with additional
treatment of dried Pm powder and was treated with high concentrations of 20% w/w of Pm extracts
and 72x lIO'“ mg w/w commercial Premarin estrogen for 30 d and leﬁ {35 d untreated. Experiment }
gave 5% statistical significance for the positive reactions an important reproduction biology by
increasing number of total eggs. number of eggs/ootheca and hatch percentages in all Pm treated
groups especially and comparatively equal to 12 x 10" mé- wiw commercial e;irogcn Premarin,
Most treatments in SIEPm EtOH gave significantly higher number than in the control when left 15
d untreated and were expecially remackable in H.O. PmHOHR. In experiment 1, the SUL.PmEtOH
and SIf.PmHOH indicatcd {% and 5% significant depression of total egg hatched and hatch
percentages when compared with contral and both were retained after umrcatc& Fér iS d. The
depression in the treated groups was statistically less than 72 x IO'smg w/w commercial estrogen
(Premarin) which also prolonged the 15 d residual effects oﬁ low hatch percex;zag‘es and were in
'contmsz with Pm in powder form (SIf.Pm powder) which showed highest positive reactions and
retained the positive effects after untreated for 15 days. Morphological abnormalities observed
were body shining, body wall and muscle thickening, in Experiment L. Additidnalﬂabnormalities
4such as irregular granular formations in haemocoel in both sexes, malformations of ejaculatory
duc;s and accessory glands in males and tumor ovaries in females were observed in Experiment IL

The result showed phytoestrogenic hormonal behaviors of both PmEIOH and PmHQOH thar
at a low and aprropn'me concentration, it encouraged the reproductive characters and system bu
showed the suppression of such characters when the concentration was considerably higix. The
result showed successful controt of the cockroach at 20% w/w concentration of both extracts whict

was with higher efficiency than the dried powder form.
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Table 1

Table 2

Table 3

Table 4

Table

M3tymg

Mean" numbers of reproduction biological characteristics of
American cockroach, Periplaneta americana after treated by
10% crude extracts of Pueraria mirifica for 45 days at 25° +2° C,

70 £ 5% RH

Mean® numbers of reproduction biological characteristics of
American cockroach, Periplaneta americana after previously
Treated by 10% Pueraria mirifica crude extracts for 45 days,
Then left 15 days untreated in normal feeds for residue

QObservations at 25° +2° C, 70 + 5% RH

Mean® numbers of reproduction biological characteristics of
American cockroach, Periplaneta americana after treated by
20% crude extracts of Pueraria mirifica for 30 days at 25° +2° C,

70 + 5% RH

Mean" numbers of reproduction biological characteristics of
American cockroach, Periplaneta americana after treated by
20% crude extracts of Pueraria mirifica for 30 days at 25° +2° C,

70 + 5% RH

Comparison of means of major reproduction biological characteristics
of American cockroach, Periplaneta americana treated by 10%: and

20% Pueraria mirifica crude extracts.
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Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
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Peuraria mirifica vine with leaves and flowers.

Peuraria mirifica pods and seeds.

Peuraria mirifica tuber

Tumor formation and thickened bodywall muscle (after treated)
Unhatched eggs and abnormal ootheca (after treated) )

Normal ootheca (upper, untreated) and abnormal ootheca

(lower, untreated)

Normal (control) and burnt accéssory (mushroom) glands of the males
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EFFECTS OF PHYTOESTROGEN F ROM PUERARI4 MIRIFICA
EXTRACTS ON REPRODUCTION BIOLOGY OF THE AMERICAN
COCKROACH, PERIPLANETA AMERICANA L.,
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Nakhon Ratchasima 30000, Thailand. E-mail: Jutharat@ces.sut.ac.th
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Abstract

Puerariq mirifica (Pm) bulbs extracted by 99% ethangl (PmEtOH) and
distilled water (PmHOH) were treated on American cockroaches, Periplanerg
americana by mixing them with standard layer (SIf) and water feeds. In Experiment
1, there were 4 replications x 7 treatments of different 10% w/w Pm extracts mixes

granular formations in haemocoel in both sexes, malformations of ejaculato[y ducts
and accessery glands in males and tumored ovaries in females were obsérved in
Experiment 11, .



EFFECTS OF PHYTOESTROGEN FROM PUERARIA MIRIFICA
XTRACTS ON REPRODUCTION BIOLOGY OF THE AMERICAN
COCKROACH, PERIPLANETA AMERICANA L.
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Y Institute of Agricultural Technology, Suranaree University of Technology,
, Nakhon Ratchasima 30000, Thailand. E-mail; Jutharat@cces.sut.ac.th
¥ Mae Fah Luang University, Chiang Rai 57000, Thailand

Introduction

[n Thailand, American cockroach, Periplaneta americana is one of the
impurtant post harvest pests destroying stored product quality abruptly especially in
rice, corn, flour mills, flour export and bakery industries. It becomes domestic and is
one of the 6 important cockroach vectors of human diseases, such as pathogenic
viruses, bacteria, helminths and also acts as a principal intermediate host for gullet
wornt, Gongylonema pulchum Molin and Acanthocephalid, Moniliformis
monliformis (Burgess, 1990 and Ragge, 1973). Besides, the American cockroach is
famous for most toxicant resistance or immune response which is found greater in
females than in the males. (Oliwenstein, 1992.)

Pueraria mirifica Airy Shaw and Suvatabandhu (F.Papilionaceae) (Fig. 1,
2 and 3) has been famous and long well known in Thailand as a “vital herb”, P.

.mirifica (Pm) has been used as a principal active ingredient in many native medical
herb recipes especially as anti-aging remedies and was verbally and literally
remarked by both Thai and Burmese ancestors on the enhance of sex appearance in
both human males and females (Anusamsconthom, 1931 and Pongboonrod, 1979)
meanwhile scientific reasons remained untouched.

Pm tuber chemical analyse reported mammal estrogen constituents such as
miroesterol (Kashemsanta er al,1963) puerarin and mirificin (Nilanidht er af, 1963)
daidzin, daidzein, coumestrol and genistein (Ingham et al, 1986). Recently, genistein
and puerarin were obtained at 86 mg/100 gm of Pm powder. (Y. Smitasiri per.com).

Bioassays of Pm powder were carried out on various kinds of mammals
and a rodent and concluded that Pm acted as estrogen which induced vaginal
development, lactation, enlarged size of udders and number of teats in immature
female pig (Smitasir{ and Chotepunwitayakul, 1977) and goat (Smitasiri ez a/, 1992).
Contrarily, it could also depress the ovarial development of white rat (Smitasiri er al,
1986) and was used as the birth control food mix for pigeon (Columba sp.) and dog

(Smitasiri and Mon-Ing, 1989). Ethanolic and distilled water extracts at the
" concentrations of 120, 240, 200 and 400 mg/gm of feeds (both solid. food and wate
feeds) yielded significant depression of ootheca size (length and width), ovary anc
hatched oatheca of P. americana (Radomsook and Smitasiri, 1994.)
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The reviewed literatures lead to suspicion of the behaviors of Pm extracts
whether they act as to enhance or to depress the animal reproduction biology. At
present, Pm products become popular and expensive as they are used for cosmetic
purposes such as facial and breast creams while their effects on animals have not yet
been clearly verified. This experiment objectives were to apply Pm extracts at
different concentrations as food and water mixes for P. americana feeds and

abserved the changes on reproduction biology as the residual effects on the treated
groups when left untreated.

Materials and Methods

Pm full grown bulbs obtained from Nakhon Ratchasima and Chiang Rai
forests were washed, shredded and oven-dried at 40°- 45°C for 24 hrs. The
extraction procedure followed Smitasiri and Sakdarat (1955) i.e., extracted by
distilled water (PmHQH) and 99% ethanol (PmEtOH) by means of soxhlet
extractor then evaporated by rotary evaporator. Pm extraction in powder form was
needed to be mixed with standard layer feed (Slf) and water, hence the PmHOH and
PmE(OH extracts were gradually dried in seperator open pans in a controlled
dessicator at 30% RH, 27°% 2°C. The obtained dried flakes were kept at 10°C and
finely ground as Pm powder when use.

Mean while, the stock culture of the adults at the same age of American
cockroach, Periplaneta americana L., was maintained in large plastic boxes in
laborntory at 259 + 2°C and 70 £ 5%RH. Standard layer feed (SIf) with tap water
dabbed in cotton wool were put in the culture box for food. Changes of food and
cleaning of the boxes were done at every 3-5 days intervals. There were 2
exper\ments set up as followed :.

Expelriment I: Normal Dose Trial
Normal dose Trial meant the trial with the treatment of the prescribed human
daily intake dosage of commercial estrogen (i.e.,0.625 mg conjugatcd estrogen

(Premurin) /tablet/day/ 50 kg human body weight or 10 x 10 % wiw cstrogen)
Hence, the mixture of Premarin estrogen with SIf or water was designed as at 12x 10°
% wiw or the dried Pm extracts at 10% w/w mixed with the feeds. The experiment
design was CRD with 4 replications of 7 treatments (different Sif and water feeds) as
followed :

1. SIf + water (Control)
2. Sife Pm EtOH + water ’
3. SIf " #+ watero Pm EtOH
4. Slfe Pm HOH + water

5. Sif + waters Pm HOH
6. Sife Estrogen + water.

7. Sif + water® Estrogen
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Tliere were 10 couples of the adults used in each treatment, and the total of 540
adult individuals used in this experiment.

- Experiment II : High Dose Trial

High dose trial meant the trial with the treatment of the commercial
estrogen as high as 6 times of of normal human daily intake dosage i.e., 3.75 mg
Premarin estrogen or 72x107°% w/w and PmEtOH or PmHOH at 20% w/w mixed in

. the feeds. The experiment design was the same as Experiment I but with an

additional treatment 8, the finely ground Pm powder (Pm powder) from dried Pm

“bulb was mixed with SIf at 20% w/w. There were the total of 640 American

cockroach adult individuals used for this experiment.

In Experiment [ and II, the cockroaches were continuously fed for 45 and
30 days respectively then all feeds were removed and replaced by normal standard
layer feed (SIf) and normal tap water feed for additional 15 days. This was to
observe the residual effects of both Pm HOH and Pm EtOH on the treated

~coclroaches. The data collected were on biology characters such as weight (ug),

width and length of each cotheca (cm) and the fertility of the reproductive system
such as number of oothecae / treatment / day, number of total oothecae, number of
total eggs, number of individual eggs / ootheca, number of hatched offsprings /
ootheca and hatchability (%), and abnormalities. Biological abnormalities were
observed by dissection and stereomicroscopic inspection of the body and especially
emphasized on the reproductive systems of both sexes.

Result

Experiment I : Normal Dose Trial

All result analyses of the reproduction biological characters of treated
cockroaches by 10% P. mirifica crude extracts for 45 days were shown in Table |
and in Table 2 for when they were further treated with normal feeds for 15 days for
residual effect observations. From Table 1, 5% statistical significant different F-
values were found in total eggs, number of eggs/ootheca and egg hatch percentages.
The highest number of total eggs (1005.5) was of the SIfPm EtOH and was

. statistically different from the control (831.5). The number of eggs per ootheca was

also highest (29.54) in the SIf.Pm EtOH treatment followed by all the Pm treatments
except the SIf.Pm HOH that possessed only slightly higher figure (25.60) than that
of the control (25.24). ‘

The hatchability was at 5% statistical significant difference and found
highest in water. Pm EtOH (60.50%) and lowest in the SIf.Pm EtOH (45.25%)

‘ while the control was 51%.

The other biological characters such.as total ootheca produced, npm})er of
ootheca per day, width and length of ootheca were not statistically significant
different but were with highest figure in SIf.Pm E{OH as 65.75, 1.49, 0.457 cm and
0.774 ¢m respectively. '
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For residual impacts shown in Table 2, for the water. Pm HOH treatment
possessed all the 5% statistically significant highest values of means of total eggs |
(286.5), total oatheca (18.75), number of ootheca per day (1.25), eggs/ootheca
(27.01) total egg hatch (152.75), hachability (53%) width of ootheca {0.417 ecm)and
length of ootheca (0.728 c¢m) when compared with the control. The 1% statistical
significant lowest value that lowered than the control was total egg hatch in water.
Estrogen treatment (40.30%). The control values were statistical lowest for total
ootheca, number of ootheca/day, and length of ootheca Morphological abnormalities
of the treated cockroaches were found shining of the body, thickening of the body
wall and muscles especially in the thorax and abdomen (Fig 4).

Experiment II : High Dese Trial
Among all high dose treatments in Table 3, the SIf Pm powder possessed

the highest figures in all 5 productive parameters i.e., total egg hatch (319.8), hatch
percentage (54.9%]), eggs/ootheca (12.69), ootheca width (0.386 ¢m) and ootheca
length (0.696 cm). The high values of the rest parameters i.e., total ootheca and
ootheca per day belonged to SIf.Pm.HOH. The SIf.Pm EtOH indicated the lowest
total egg hatch (153.8) while water. Pm HOH showed the lowest hatch percentage
(31.5%) (Fig 5). : '
i The residual impacts of 20% w/w Pm in Table 4 indicated the 5% statistical
significant difference in only one reproduction character, i.e., the total egg, where
the cockroach previously treated by SIf.Pm (powder) gave the highest total eggs of
290 while that treated previously by water. Pm EtOH yielded the lowest total eggs
of 182, The comparison between these 2 values indicated the difference at 1%
statistical significance by a greater t-value. Moreaver, the SIf.Pm (powder) treated
cockroaches also showed the highest figure for number of egg/ootheca (12.92), total
egg hatch (97.25), weight (76.9 ug) and length (0.672 cm) of cotheca. However, the
c¢ockroach previously treated by water. Pm EtOH offered the highest potentials for
hatchability (46.44%) and width of ootheca (0.387 cm). For comparison between
Experiment I and II, the cross section of the major reproduction biological characters
that possessed the statistical significant differences were summarized in Table 5.

' The morphological abnormalities of treated cockroaches in Experiment IT
were found the same as mentioned in Experiment I but more pronounced and with
additional abnormalities ; o

1. increased in number of granular formations in haemocael (Fig 4).
2. abnormal ootheca and unhatched eggs (Fig 5 and 6)
"3, burnt tubules of male accessory glands (or mushroom glands) in dark
brown color of the males or sometimes, lignified especially in the SIf
+ Pm HOH wreatment (Fig 7).
4. tumor formations in ovaries especially in most Pm treatments and
especially in SIf Estrogen.
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Discussion

In Experiment I, Table 1, the commercial Premarin conjugated estrogen at

-5

12 x10 % w/w mixed with standard chicken feed and water gave the similar
positive result with those treated with 10% Pm HOH. There were 6 important
-biological characters of the reproduction out of the total of 9 characters observed
such as total eggs, number of eggs/ootheca, total ootheca, number of ootheca/day,
width and length of ootheca were with highest values when treated by standard
chicken feed mixed with 10% Pm EtOH. The 10% water. Pm EtOH gave the
highest egg hatch up to 60.50%. This seemed to suggest that in Pm EtOH there were
the higher phytoestrogen constituents than in the Pm HOH. All the treated cockroach
in Experiment I possessed all higher figures in all observed parameters than the
control. The important reproduction characters such as total number of eggs, number
of eggs/ootheca and hatch percentages were significantly enhanced when compared
with all lowest figures of the control.

In Experiment I, Table 2 (left untreated 15d), the cockroaches showed the
dramatically low figures in all reproduction characters when compared with those in
Experiment I even in control. This may be due to the continuous disturbance of the
reproductive system by Pm extracts within the previous consecutive 45 days and the
system showed the slower down activities after the pronoun stimulation. The
cockroaches previously treated by water. Pm HOH possessed 8 highest figures out
of the total of 9 observed characters, including the hatch percentage. This seemed to
suggest that the Pm HOH had a milder phytoestrogenic reactions which had a less
depression residual effects on the reproduction biology than the PmEtOH and
Estrogen (Premarin) treatments. The residue of commercial Estrogen yielded the
highest weight of ootheca but lowest in the hatch percentages.  The phenomena

indicated that the 10% ,PmEtOH and Pm HOH crude extracts as well as the 12x10’

s% w/w Estrogen encouraged or enhanced the efficiency of the cockroach
reproduction and returned to almost normal after left untreated for 15 days.
In Table 3, the high concentration of: 20%w/w Pm EtOH extracts and 72x

lo.s%wlw commercial Premarin estrogen acted similarily to depress most
reproduction biological characters to lower than those of the control at 5% statistical
significant values. In contrast, the Pm in crude powder form at the same
concentration of 20% w/w mixed with standard layer feed enhanced the
reproduction characters when treated for 30 days and even when later left untreated
for 15 days (Table 4). This may be due to the impurities within the crude powder
that diluted the concentration to a mild level which acted as reproduction stimulants.
The phenomena was confirmed by the SIf.Pm powder treatment inTable 4. _Irx’fI‘able
4, most cockroaches previously treated with Pm crude extracts bdcome similar to
control except higher in PmEtOH for total egg hatch and hatch percentage. The
phenomena expressed the negative reactions of the high concentration of the Pm
crude extracts on the reproductive system and returned to almost normal for water.
Pm HOH when untreated. The SIf PmHOH depressed the hatch prgnoucgly as well
as the SIf.Pm EtOH. These showed that the crude extracts mixed with solid feeds at
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hig,l; concentrations gave longer residual effects than when mixed with aqueous
feeds.

Morphological abnormalities of reproductive system of both male and
fernale cockroaches were detected in all treated groups and pronounced in the high
Pm concentrations. The abnormal observed characters were thickening of body walls
and muscle, irregular granule formation in haemocoel, tumers in ovaries, burnt and
lignified accessory gland tubules and lignified ejaculatory ducts. This was due to
phytoestrogenic hormonal behaviors of both Pm extracts.

Summary

American cockroaches, Periplaneta americana is a serious agricultural
storage pest as it transmitted dangerous human diseases and is chemically resistant.
High dosages of chemical treatments are harzardous so, the possible alternative
control such as using phytoestrogen to suppress the repreduction is chalenging.

Pueraria mirifica (Pm) bulbs extracted by 99% ethanol (PmEtOH) and
distilled water (PmHOH) were treated on the cockroach by mixing them with
standlard layer (SIf) and water feeds. In Experiment 1, there were 4 replications x 7
treatments of different 10% w/w Pm extracts mixes and 12x10° % w/w commercial
Premarin estrogen treated for 45 d and left for 15 d for residual effect observation
while Experiment II was treated with high concentrations of 20% w/w of Pm
extracts and 72x10” % wi/w commercial Premarin estrogen for 30 d and left 15 d
untreated. Experiment I gave 5% statistical significance for the positive reactions on
important reproductive biology by increasing number of total eggs, number of
eggs/ootheca and hatch percentages in all Pm treated groups especially and
comparatively equal to 12x10° % w/w commercial Premarin estrogen. Most
treatrnents in SIfPm ETOH gave significantly higher numbers than in the control
when left 15 d untreated and were especially remarkable in water. PmHOH. In
Experiment II, the SIfPmEtOH and SIf.PmHOH indicated 1% and 5% significant
depression of total egg hatched and hatch percentages when compared to control and
both were retained after untreated for 15 d. The depression in the treated groups
was statistically less than 72x 10° % w/w commercial Premarin which also
prolonged the 15 d residual effects on low hatch percentages and were in contrast
with Pm in powder form (SIf.Pm powder) which showed highest positive reactions
and retained the positive effects after untreated for 15 days. Morphological
abnorrnalities observed were body shining, body wall and muscle thickening, in
Experiment I, Additional abnormalities such as irregular granular formations m
haemccoel in both sexes, malformations of ejaculatory ducts and accessory glands in
males and tumored ovaries in females were observed in Experiment II. ' -
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