Journal of Life Science 2014 Vol. 24. No. 7. 784~790

ISSN (Print) 1225-9918
ISSN (Online) 2287 —-3406
DOl : http://dx.doi.org/10.5352/JLS.2014.24.7.784

- Note -

Bifidogenic Effects of the Oral Administration of Fly Maggot Extract on Organic
Acid, Cecal Microorganisms, Thymus and Spleen Weights, and Blood Lipids in Rats

Byung-Sung Park' and Sang-Oh Park®*

"Devision of Applied Animal Science. Kangwon National University, Chuncheon 200-701, Korea
“Institute of Animal Resources, Kangwon National University, Chuncheon 200-701, Korea

Received February 21, 2014 /Revised July 24, 2014 /Accepted July 24, 2014

Housefly (Musca domestica L) maggots are used as biomedical material. Ethanolic extracts of fly mag-
got (EM) were orally administered to male rats at levels of 0 (control group), 4.0, 6.0, and 8.0 mg per
100 g live weight for 40 days. Serum triglycerides, total cholesterol, and LDL-C decreased by 17.90,
17.60, and 16.37%, respectively, whereas HDL-C increased by 20.48% in the EM group compared with
these parameters in a control group (p<0.05). Thymus and spleen weights dose-dependently increased
by 21.42% and 21.42%, respectively, but abdominal fat decreased by 39.66% after EM administration
compared with that in the control group (p<0.05). IgG, IgA, and IgM increased 35.14, 68.65, and
190.16%, respectively, in the EM groups compared to the control group (p<0.05). Bifidobacterium and
Lactobacillus increased by 41.68% and 35.55%, respectively, in the EM groups compared with the con-
trol group, and Bacteraides, Clostridium, Fscherichia, and Streptococcus decreased by 24.96, 46.37, 25.00,
and 34.05%, respectively, in the EM groups compared with the control group (p<0.05). Compared with
the control group, total organic acids, acetic acid, and propionic acid increased by 31.11, 49.34, and
24.88%, whereas butyric acid, isobutyric acid, valeric acid, and isovaleric acid decreased by 30.79,
72.64, 32.90, and 63.16% respectively, in the EM groups (p<0.05). These results suggest that EM has
a bifidogenic effect on immune cell development, blood lipid levels, and abdominal fat reduction by
increasing the production of organic acid and numbers of cecal microorganisms in animals.
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vitamin free) 20.0%, A& 13.2%, TEY2EY 10.0%,
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Table 1. Effects of the oral administation of ethanolic extracts
of fly maggot, EM) on organ weight in rats
(g/100 g of body weight)

EM mg/100 g of body weight

Organ

0 4.0 6.0 8.0
Liver 347+091 345+055 3.41+0.85 3.45+0.42
Kidney 0.66£0.20 0.66+0.20 0.66+0.01 0.65+0.31

Abdominal fat 0.58+0.25" 042+0.25° 0.38+0.20™ 0.35+0.25°
Thymus 0.14+0.06° 0.17£0.12* 0.17+0.15° 0.17+0.12°
Spleen 0.28+0.17° 0.33+0.01* 0.33£0.01° 0.34:0.01°

Means + SD (n=10).
**Means with different superscripts in the same row are sig-
nificantly different (p<0.05).

Table 2. Effect of the oral administration of ethanolic extracts
of fly maggot, EM) on serum lipid profile and glucose

in rats (mg/dl)
EM mg/100 g of body weight
Item
0 40 6.0 8.0

TG 167.6+0.79" 142.07+0.81° 137.6+0.36° 137.6+0.65°
TC 97.74+049° 8352+050° 83.56+0.55° 80.54+0.53°
LDL-C  32.63:0.71° 17.49+029° 17.99+0.71" 15.40+0.70°
HDL-C 31.59+047° 37.61+035 38.06+0.16" 37.61+0.37"

Means £ SD (n=10).
***Means with different superscripts in the same row are sig-
nificantly different (p<0.05).
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Table 3. Effect of the oral administration of ethanolic extracts
of fly maggot, EM) on IgG, IgM and IgA in rats
(ng/ml)
Immuno- EM mg/100 g of body weight
globulin 0 4.0 6.0 8.0
IgG 28.77+0.25° 30.1340.26° 38.67+0.35" 38.88+0.15"
IgM 8.20£0.50° 893040 13.73:0.25" 13.83£0.15°
IgA 1.93£040° 31320.25° 5.60+056" 5.50£0.43°
Means +SD (n=10).
***Means with different superscripts in the same row are sig-
nificantly different (p<0.05).
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Table 4. Effect of the oral administration of ethanolic extracts
of fly maggot, EM) on cecal microorganisms in rats
(logi cfu/g fresh cecal content)

EM mg/100 g of body weight
0 40 6.0 8.0
Bifidobacterium  5.83+0.32° 7.20+0.25° 8.26+0.31* 7.19+0.17°

Microorganisms

Lactobacillus ~ 6.02+0.29" 8.12+0.27° 8.16+0.33" 8.06+0.24°

PBacteroics 6.17+0.03" 5.30+0.25° 5.31+0.36" 4.36+0.23°

Clostridium 5.78+0.21° 3.75+0.18" 3.56+0.19° 3.10+0.12°

E coi 3.16+0.19° 2.37+0.25° 2.37+0.36" 2.39+0.16°

Streptococcus— 4.64+0.27° 3.07+0.25° 3.16£0.26° 3.06+0.30°
aureus

Means £ SD (n=10).
***Means with different superscripts in the same row are sig-
nificantly different (p<0.05).
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Table 5. Effects of the oral administration of ethanolic extracts of fly maggot, EM) on cecal organic acid in rats

(Unit: pmol/g of cecal content)

EM mg/100 g of body weight

Organic acids

0 6.0 8.0
Acetic acid 48284037 69.64+0.53" 70.25+0.93" 72.10+0.26°
Propionic acid 17.52+0.37° 21.60+0.23° 21.88+0.15° 20.97+0.12°
Butyric acid 6.17+0.25" 5.31+0.47° 4454013 4.27+0.86°
Isobutyric acid 1.17+0.30° 1.16%0.03" 0.35+0.07° 0.32+0.05°
Valeric acid 4.68+0.08" 4.12+0.08° 3.84+0.08° 3.14+0.11¢
Isovaleric acid 0.95+0.09° 0.65+0.06° 0.36+0.06° 0.35+0.07°
Total 78.77+0.33¢ 102.48+0.29° 101.13+0.56 101.15+0.46°

Means +SD (n=10). ***"Means with different superscripts in the same row are significantly different (p<0.05).



Fojabe gllon oAty 24be 40 mg Folwo] /M =
2kom 6.0% 8.0 mg http://www.ncbi.nlm.nih.gov/pubmed?
term=Gunde-Cimerman % 20N %5BAuthor %5D&cau-
thor=true&cauthor_uid=18436596AF°] 8] BA A F2 2= ¢
Ak &H, & 4714 lactic acide SH8HA ¥9k7] v &
of ol Wi F7HAQ FFe] BT ZO0E Bty EMe &

4 28 & 7Li§7+h A ool g 24 W) g
e ] o o] 3] %‘:% 9}% 7t =39 fﬂ*};‘q%gl A

ok
£l

oN 2 i rf
12

o ofr

(R
o
N
N
B~
o
i)

=
lo
ot d
=
h=)
b d

=

o

22
o rg
offl
d

o & o

> oo 12 e m
oXx

L)

=2

~

-0,

ok

Py

lo

o of
ox re
o,
=
o
d
L
o,
Y
N,
o
oo
O
o,
ol

=3

Sy

§
)
o e > T
_0|L
2
=
o
lo

ey KU
o
R

23

rlo

>

>
oy
)

o

2

oo fu
flo
HE

=,
>
il
iy yo

ox
KW

[ © T [H fF 30 o & E o
o= mi Koy
Mo 2 S
) s
|o =
LT
o o
<
>
=4
7
~r
b e

=)

712, B
) 9T 2 A
M HlEE 2 @485 EMA 508l e $
o AgoE £ F Jon EM
*3 HAAZA FE&3HA AHES F

=

~

a 1E o
iy 2o of

=s i
= g zH
o og

Il‘l

e
o
ri of)
ot

MHore i X
O{NS.“Lthrz:
lo

References

1. Bexfield, A., Nigam, Y., Thomas, S. and Ratcliffe, N. A. 2004.
Detection and partial characterisation of two antibacterial
factors from the excretions/secretions of the medicinal mag-
got Lucilia sericata and their activity against methicillin-re-
sistant Staphylococcus aureus (MRSA). Microbes Infect 6,
1297-1304.

2. Bonn, D. 2000. Maggot therapy: an alternative for wound
infection. Lancet 356, 1174.

3. An, C, Li, D. and Du, R. 2004. Analysis of anti-
bacterial-relative proteins and peptides in housefly larvae.
Wei Sheng Yan Jiu 33, 86-88.

4. Costabile, A., Kolida, S., Klinder, A., Gietl, E., Bauerlein, M.,
Frohberg, C., Landschutze, V. and Gibson, G. R. 2010. A
double-blind, placebo-controlled, cross-over study to estab-
lish the bifidogenic effect of a very-long-chain inulin ex-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Journal of Life Science 2014, Vol. 24. No.7 789

tracted from globe artichoke (Cynara scolymus) in healthy
human subjects. Br J Nutr 104, 1007-1017.

. Domen, J., Ale, L., Klemen, Z., Dragica, S. and Nina, G. C.

2008. Selective antimicrobial activity of maggots against
pathogenic bacteria. / Med Microbiol 57, 617-625.

. Eckel, R. H,, Grundy, S. M. and Zimmer, P. Z. 2005. The

metabolic syndrome. Zancet 365, 1415-1428.

. Fanaro, S. M., Berit, B., Rossana, V., Vittorio, F., Claudio,

P. Q., Luis, A., Federico, S. A., Katharina, E. S., Gii, Z.,
Richard, S. and Michael, B. 2009. Galacto-oligosaccharides
are bifidogenic and safe at weaning: A double-blind
randomized multicenter study. J Pediatr Gastroenterol Nutr
48, 82-88.

. Gibson, G. R. and Rastall, R. A. 2006. Prebiotics: Develop-

ment and application. John Wiley and Sons, Ltd., USA.

. Ha, N. J. 2011. Antiobesity and lipid-lowering effects of

Bifidobacterium spp in high fat diet-induced obese rats. Lipids
Health Dis 10, 116-125.

Jaklic, D., Lapanje, A., Zupancic, K, Smrke, D. and
Gunde-Cimerman, N. Selective antimicrobial activity of
maggots against pathogenic bacteria.N. 2008. Selective anti-
microbial activity of maggots against pathogenic bacteria.
J Med Microbiol 57, 617-625.

Jang, A., Cho, C. R, Park, B. S. and Yoon, K. J. 2007.
Seperation of antibaterial low molecular peptides from
Musca domesica maggot against methicillin-resistant Stapfy-
locaccus aureus (MRSA) and vancomycin resistant enter-
ococcus (VRE), 2007 International Symposium and Annual
Meeting. Korean Soc Food Sci Nutr October, 275.

Latvala, J., Hietala, ]., Koivisto, H., Anttila, P. and Niemela,
0. 2005. Immune response to ethanol metabolites and cyto-
kine profiles differentiate alcoholics with or without liver
disease. Am J Gastroenterol 100, 1303-1310.

Liu, X, Zeng, A., Song, T, Li, L., Yang, F,, Wang, Q., Wu,
B., Liu, Y. and Zhi, X. 2011. Hypocholesterolemic effects of
n-[(2-hydroxy-3-n, n-dimethyl hexadecyl ammonium) prop-
yl] chitosan chloride in high-fat-diet induced rats. / Biomater
Sci Polym Ed 23, 1107-1114.

Lomax, A. R., Cheung, L. V., Tuohy, K. M., Noakes, P. S.,
Miles, E. A. and Calder, P. C. 2012. 32-1 Fructans have a
bifidogenic effect in healthy middle-aged human subjects
but do not alter immune responses examined in the absence
of an in vivoimmune challenge: results from a randomised
controlled trial. Br / Nutr 108, 1818-1828.

Park, B. S. 2008. Bifidogenic effects of inuloprebiotics in
broiler chickens. J Life Sai 18, 1693-1699.

Park, S. O. and Park, B. S. 2012. Effects of grain larvae ex-
tracts on hepatotoxicity and blood lipid in obese rats. / Anim
Vet Adv 11, 988-994.

Park, S. O., Park, B. S. and Oh, ]. S. 2010. Antibacterial activ-
ity of housefly maggot extracts against MRSA and VRE.
Environ Biol 31, 865-871.

Patterson, J. A. and Burkholder, K. M. 2003. Application of
prebiotics in poultry production. Poult Sci 82, 627-631.
da Luz P. L., Favarato, D., Faria-Neto, J. R. Jr., Lemos, P.
and Chagas, A. C. 2008. High ratio of triglycerides to



790

20.

21.

22.

23.

24.

25.
26.

BBUTIX| 2014, Vol. 24. No. 7

HDL-cholesterol predicts extensive coronary disease. (linics
63, 427-432.

Ratcliffe, N. A., Mello, C. B., Garcia, E. S., Butt, T. M. and
Azambuja, P. 2011. Insect natural products and processes:
New treatments for human disease. Insect Biochem Mol Biol
41, 747-842.

Reeves, P. G, Nielsen, F. ]. and Fahey, G. C. Jr. 1993. AIN-93
purified diets for laboratory rodents: final report of the
American Institute of Nutrition ad hoc writing committee
on the reformulation of the AIN-76A rodent diet. ] Nutr
123, 1939-1951.

Roberfroid, M. B. 2000. Prebiotics and probiotics: are they
functional foods. Am J (lin Nutr 71, 16825-1687S.

Rolfe, R. D. 2000. The role of probiotic cultures in the control
of gastrointestinal health. / Nutr 130, 3965-402S.

SAS. 2005. SAS/STAT User’s Guide: Statistics. Version 6.0.
SAS Institute Inc., Cary, North Carolina. USA.

Scot PIL training manual. 1994. Glasgow Univ. UK.
Sherman, R. A, Hall, M. J. R. and Thomas, S. 2000.
Medicinal maggots: an ancient remedy for some con-
temporary afflictions. Annu Rev Entomol 45, 55-81.

27. Tako, E., Glahn, R. P.,, Welch, R. M., Lei, X., Yasuda, K.

28.

29.

30.

31.

and Miller, D. D. 2008. Dietary inulin affects the expression
of intestinal enterocyte iron transporters, receptors and stor-
age protein and alters the microbiota in the pig intestine.
Br J Nutr 99, 472-480.

Veerman, G., Staelens, S., Broek, H., Plaskie, K., Wesling,
F., Roger, L. C, McCartney, A. L. and Assam, P. 2011.
Physiological and bifidogenic effects of prebiotic supple-
ments in infant formulae. / Pediatr Gastroenterol Nutr 52,
763-771.

Wang, F. R, Ai, H, Chen, X. M. and Lei, C. L. 2007.
Hepatoprotective effect of a protein-enriched fraction from
the maggots(Musca domestics) against CClyi-induced hepatic
damage in rats. Biotechnol Lett 29, 853-858.

Wang, Y. W, Field, C. ]. and Sim, J. 5. 2000. Dietary poly-
unsaturated fatty acids alter [ymphocyte subset proportion
and proliferation, serum immunoglobulin G concentration,
and immune tissue development in chicks. Poult Sci 79,
1741-1748.

Zhang, W. F,, Li, D. F, Lu, W. Q. and Yi, G. F. 2003. Effects
of isomalto-oligosaccharides on broiler performance and in-
testinal microflora. Poult Sci 82, 657-663.

b ! atate?
(Aedsta $2¢4Aey, Fddda
A FBAA ALH B i3
EM)E REgA F2E& T3

F ATEA st 2 T4
17.60, 1637% ok 21k HDL-C= 12048% 3t
FAFAA A7 12142, 12142% FE EHOE

(p<0.05). 8

S 7F8F A TH(p<0.05). Bifidobacterium, Lactobacilluse EM T4 o] t) 23} vl 1

S EF YAHAAZA FAE
oA 4 xad AT 100 g B F
A, $2d2HE 9 LDL-CE 2T
S 7F3E A T (2<0.0
F7sgo 87
g9 G, IgA, IgM F == 273 e o) EM Eo ol A 22 135.14, 168.65, 290.16% 9] 37

2, U DjY=E ¥ RN B0 0xl=

Zreg B ATe a3 o
40, 60, 80 mgo 2 TE3I 40Y
12E v EM T4 27 17.9
5). ¥4, ®

AL 3966% 987 a9

~

=5
B

=]

o Z+7} 141.68, 135.55% %5 7+3t

Ao\ Bacteroides, Clostridium, Escherichia coll, Streptococcuse ZH7: 24.96, 46.37, 25.00, and 34.05% -2 3HAl Yo}

ATH(p<005). WHANA FH714, 243} ZElee EM FolFo] Bz va
USRI & ERS
Bes
B9 2%, 44N 24 2 WA B8 B

124.88% 271819 0 HE 24, o] &
A A& HTHp<0.05). & ATARE el FF

1

o] &

& o) 747} 131.11, 149.34,
Wy 24k Zh2) 30.79, 72.64, 32.90, 63.16% 25t

230 529 4 U W4T 2% 44 % 4718 242
.
-

HYH 2 84838 2tet

=)

He e,



