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= Marine Water Purification with Ammonia-Oxidizing and Denitrifving Bacteria Immobilized on
Porous Sintered Materials from Sea Bottom Sediments
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Marine Water Purification with Ammonia-Oxidizing and
Denitrifying Bacteria Immobilized on Porous Sintered Materials
from Sea Bottom Sediments
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1. INTRODUCTION

N-containing compounds are ecologically
important nufrients which frequently constrain
micro- and macro-algal productivity over most of
the world’s oceans. A great many transformation
reactions that are involved in the organic
mineralization of N are catalyzed by a group of
bacteria. Biological nitrogen removal involves
nitrification of ammonia nitrogen (NH,4-N) to nitrate
nitrogen (NO;-N) followed by denitrificaton of
nitrate nitrogen to nitrogen gas (N;) which is
released into the atmosphere. It has been realized
that nifrification is an aerobic process and
performed by the autotrophic bacteria, whereas
denitrification occurs in the absence of oxygen and
is carried out by the heterotrophic bacteria. While
microbial nitrogen fixation is the major source of
biologically available N, denitrification can
normally be considered as the ultimate and
quantitatively most important sink for available N
in  marine environments. Benthic nitrogen
mineralization constitutes a significant component
for oceanic nitrogen removal and N, formation.
Therefore, effective bacteria have been explored for
the removal of marine N and N, formation. Nakano
et al. [1] have investigated a consortium of

ammonia-oxidizing bacteria (AOB) and denitrifying
bacteria (DB) obtained from organically-enriched
marine (Ago Bay) sediment. In the study, a
consortium of AOB combined with DB was
constructed using a long-term, three-step incubation
sequence, and analysis of media components
provided definitive evidence of nitrogen removal
through denitrification and ammonia oxidation
throughout the incubation period.

On the other hand, since the dredged sea-bottom
sediments normally give off a horrible smell, the
limitation of disposal places has become a serious
problem in Japan. Therefore, there is a need for the
development of an alternative system for treating
dredged sea-bottom sediments.

One such alternative method is conversion of
the dredged sediments into valuable products such
as the carrier of bacteria for nitrogen removal from
seawater [2]. Because commercial carriers for
bacteria consist of a variety of chemical
components, their settlement in lakes, rivers, and
bays may sometimes lead to secondary pollution at
a later date because they are not normally removed
from the aquatic system. Since there is no
possibility of secondary pollution by sintered
carrier products made from sea sediments, it is
unnecessary to remove the carrier from the aquatic

1) Department of Chemistry for Materials, Graduate School of Engineering, Mie University — 8 KZEK
Pl LA FERl 40 754 L2252 2) Environmental Preservation Center, Mie University = K*2ER
B4t % — 3)Mie Industrial & Enterprise Support Center —EREEZFIEF ¥ —
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place after the biotreatment. The development of
“value-added” recycled products offers particular
benefits both in terms of resource recovery and
protection of the environment.

In the previous work [2], the sintered solid
products from sea-bottom sediments were applied
as carrier materials for the removal of nitrogen
using a consortium of AOB and DB. The initial
concentrations of NOy~ and NH," ions were both
approximately 500 pmol L. The concentrations of
both NO;-N and NH, -N decreased sharply with
treatment time. As the concentrations of these
N-compounds decreased, the concentration of
NO, -N increased during the first 12 h. Beyond 12
h, its concentration started to decrease. After the
treatment time of 126 h, the concentrations of
NI, "-N, NO; -N, and NO, -N were 52, 18, and 2.5
pmol L7, respectively. Because the dissolved
inorganic nitrogen concentration (sum of NH, -N,
NO; -N, and NO, -N concenirations) was about 73
pmol 17, the concentration was diminished more
than tenfold compared with the initial value. The
nitrification and denitrification activities of the
microorganisms immobilized on the sintered solid
carrier from sea-bottom sediments were sustained
during the treatment (until about 130 h). It was
postulated that the reason for the sharp decrease in
the concentrations of NO;-N and NH,'-N seems to
stem from the addition of ethanol. However, since
ethanol carbon sources were initially added in the
treatment system, it was not clear in the previous
work whether the ethanol carbons courses have a
considerable effect on the nitrification and
denitrification activities of the microorganisms.

The present study reports the obvious impact of
ethanol carbon sources on the nitrogen removal
performance  with  ammonia-oxidizing  and
denitrifying  bacteria immobilized on porous
sintered materials from sea sediments.

2. EXPERIMENTAL

Fabrication of sintered solid carrier

Sea-bottom sediments from Ago Bay were
dredged and collected m August 2005. The main
chemical components of the sea-bottom sediments
in Ago Bay have been reported to be as follows:
510, (51.09%), AlLO; (16.54%), CaO (13.41%),

Fe,05 (5.63%), K0 (3.52%), 5O, (3.32%), MgO
(2.35%), Na,O (1.58%), TiO, (0.57%), P»Os
(0.20%), 5rO (0.10%), ZnO (0.02%), C1 (1.63%),
Br (0.01%), Pb (12 ppm}, As (4.7 ppm)}, and Cd
(0.40 ppm) [2]. The components of the sediments
dredged in the present work were essentially the
same as those reported previously, and the low
concentrations of toxic metal elements including
lead, cadmivm, and arsenic therein did not pose a
serious problem. Moreover, toxic organic pollutants
such as agrochemicals, pesticides, and dioxin were
not detected in these sediments.

An electric furnace (Kovo Box Furnace,
KBFE&2EN, Nara, Japan) was used for sintering at
700 °C under an air atmosphere. The sea-bottom
sediments (dry-based water content: 150 wt%) were
allowed to dry naturally. Then, sodium silicate (3.0
g; technical grade, JISK1408 type #1) and water
(1.5 mL) were added to the dried sediments (4.5 g).
Furthermore, P-25 titanium dioxide (1.0 g; Degussa,
Germany) was also added. The sodium silicate
served as a binder. The furnace was heated from
ambient to the final sintering temperature of 700°C
at a rate of 4 °C/min and then the temperature was
kept constant for 2 h. The specific surface area of

the sintered products was approximately 10 m? g™,

Bacteria

A consortium of AOB and DB was used for the
removal of nitrogen from seawater. These bacteria
were obtained from an  organically-enriched
enclosed coastal area located within Ago Bay in the
Mie region of Japan. Detailed information has been

previously reported elsewhere [1].

Culfivation and immobilization

Sterilization was performed using an autoclave
(121°C, 0.18 MPa, KTS-2346, As One Corp.,
Japan). All glass vessels, chemicals, media, sintered
solid products, and seawater were sterilized for 2 h.
In order to
immobilization medium for the above bacteria, 5
mmol (NH,),50,, 2.5 mmol NaNO;, 0.5 mL of
phosphate buffer (0.5 mmol L), 3.5 mL of
carbonate buffer (2.5 mmol L), 0.4 mL of ethanol
(95%), and 1 mL of trace mineral solution, and
several drops of indicator phenolred were placed in

prepare  the cultivation and

a 1 L volumetric flask and diluted to volume with
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Fig. 1. Simultaneous nitrification and denitrification by

bacteria immobilized on a sintered solid carrier from
sea-bottom  sediments. Circles: NH.™N, squares:
NOs -N, triangles: NO, -N. (a) weight ratio; sediment
(wet-based water content: 25 wt%) 60 wi%, TiO, 10
wit%, sodium silicate 30 wt%. (b) weight ratio; sediment
(wet-based water content: 25 wt%) 70 wt%, sodium
silicate 30 wi%.

sterilized seawater (pH 7.5~8.0). Phenolred was
used as a coloring agent to enhance the visual
detection of cultivated bacteria. Phosphate buffer
(pH 8.2) was prepared by dissolving 68.0 g of
KH,PO, and 87.1 g of K;HPO, in 1 T of pure water.
Carbonate buffer (pH 8.2) was prepared by
dissolving 50.4 g of NaHCO; and 63.6 g of Na,CO;
in 1 L of pure water. Trace mineral solution (pH
7.0) was prepared by dissolving 50 g of
ethylenediamine-N, N, N', N'-tetraacetic acid,
disodium salt, dehydrate (EDTA-2Na), 5 g of
FeSO47H:O, 1.6 g of CuSOs,5HO, 5 g of
MnCl,4H,0, 1.1 g of (NHy)sMo;0,4-4H;0, 50 mg

of HiBO;, and 50 mg of CoCl,-6H,O in 1 L pure
water.

The cultivation and immobilization processes
were camried out as follows. First, a cultured
consortium solution of AOB and DB (10° and 10°
cell/mL, respectively) was diluted tenfold with the
medivm. Then, approximately 10 g of the sintered
solids were added to 100 mL of the cell suspension
solution. During cultivation at 25°C for 2 weeks,
the consortium of AOB and DB was immobilized
on the sintered solid products. The color of the
solution containing the sintered solids changed
from light-pink to light-yellow afier 2 weeks.

Removal of nitrogen in seawater

A tested solution consisted of sterilized
seawater confaining both NO; and NH," ions at
concentrations of 0.5 mmol L. The solid products
bearing the immobilized bacteria were added to the
tested solution (180 ml) for the removal of
nitrogen. The biotreatment was performed at 25°C
without the illumination. After 200 h, 0.082 mL of
ethanol (95%) was added in the solution. Aliquots
(5 mL) of the solution were periodically sampled
and filtered through Advantec disposal syringe
filters (DISMIC, cellulose acetate type, 0.45 pm) to
evaluate the progress of nitrogen removal. The
concentrations of NH,", NO,~, and NO,” in the
tested solutions were measured by means of a
Traacs 2000 analyzer (Bran & Luebb, Germany).
The total nitrogen concentration was evaluated by a
Simadzu TN analyzer (TNM-1, Japan).

3. RESULTS AND DISCUSSION

Since the initial concentrations of NO.~ and
NH," ions and ethanol was 0.5, 0.5, and 10 mmol
L™ in the tested sample solution in the previous
study [2], the carbon/nitrogen ratio was 10,
respectively. Furthermore, Nishio et al. [3] have
presented that the optimal carbon/nitrogen ratio was
ten using sodium acetate as the carbon source in
nitrification and denitrification by the immobilized
heterotrophic  nitrifying  bacterivm  Alcaligenes
faecalis OKKI7. Consequently, ten C/N ratio of
ethanol was adopted as the carbon concentration in
the present work.
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Impact of ethanol carbon sources

Fig. 1 shows the effect of ethanol carbon
sources on the simultaneous nitrification and
denitrification by the consortium of AOB and DB
immobilized on the sintered solid carrier from
sea-bottom In Fig. 1 (a), the
concentration of NO;-N decreased suddenly and

sediments.

sharply after the ethanol carbon sources were added
in the tested solution. The concentration of NH,™-N
started to decrease beyond 150 h of treatment time.
The NO,-N concentration kept very low
(approximately 5 pmol L"), After 200 h, the
NH,'-N concentration decreased with the same rate
as that observed in the time of 100~200 h. We could
confirm the general facts that the addition of
ethanol was effective for the denitrifying processes
of the bacteria [3,4]. Afier the denitrification
processes for the initial NO4~ ions were completed
on the 240 h treatment time, the ammonia-oxidizing
processes by AOB immobilized on the sintered
carrier continued to advance at the almost same rate
bevond 240 h. The results mean a little potential
that the ethanol carbon sources give the positive
effects on the ammonia-oxidizing processes of the
bacteria. Fig. 1 (b) illustrates the results on the
simultaneous nitrification and denitrification by
bacteria immobilized on a sintered solid carrier
without TiO;. The trend of nitrogen removal
performance  with  ammonia-oxidizing  and
denitrifying bacteria was almost the same as that
with TiO,. The chemical component of TiQ; did not
affect the removal of nitrogen with the bacteria.

Removal of total nitrogen

The removal of total nitrogen from seawater in
the simultaneous nitrification and denitrification by
the consortium of AOB and DB immobilized on the
sintered solid carrier from sea-bottom sediments
was investigated. The results are shown in Fig. 2.
The total nitrogen
gradually with the treatment time until 200 h, and

concentration  decreased
sharply beyond the time (after the ethanol carbon
sources were added). It
ammonia-oxidizing and denitrification activities of

seems that the

the microorganisms immobilized on the carrier
produced the nitrogen gases. Therefore, it was
concluded that the activities for the consortium of
AOB and DB corresponded to the removal of

o
o)

| x [ ¥
Addition of ethanol

-0 ?

Total nitrogen (mg/L.)
2

]
0 200 400 600
Time (hr)

:
1
F
0

Fig. 2. Time course of total nitrogen in the simultaneous
nitrification and denitrification by bacteria immobilized
on a sintered solid carrier from sea-bottom sediments.
Circles: sediment {wet-based water content: 25 wt%) 60
wt%, TiO; 10 wt%, sodium silicate 30 wt%. Squares:
sediment (wet-based water content: 25 wt%) 70 wt%,
sodium silicate 30 wt%.

nitrogen out of the system as the nitrogen gases.
Current conventional ammonium removal in
wastewater treatment plants involves niftrification
(NIL,'>NH,OH—->NO, -NO; ) by
under aerobic conditions and denitrification
(NO;7 >NO, - NO->N,O0—->N,) by heterotrophs
under anaerobic conditions [3,4]. This treatment

autotrophs

requires one aerobic tank and one anaerobic tank. In
the present work, the remediation activities by the
consortium of AOB and DB immobilized on
sintered solid carrier materials were shown to be
maintained for 500 h. Moreover, the denitrification
process was found to be accelerated by the addition
of ethanol, and the possibility that the addition of
ethanol had the
ammonia-oxidizing process may be present in the

positive effect on the
present bioremediation.

4. CONCLUSIONS

In the biotreatment using the consortium of
AOB and DB immobilized on sintered carrier solids
from sea sediments, the addition of ethanol carbon
sources may be effective for the activities of both
AOB and DB. When the carrier is deposited in a
shallow  aquatic place, the photocatalytic
purification is possible after the bioremediation.
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Table 1 Water consumption in male and female rats after
13 weeks of oral administration of ABM-M
Dose level Weeks of expeniment
Sex (mg'kg)
i) 12
Control 20%2.1 2BE4.5
Male 130 22x3.6 3143
600 2524 JE5T
2000 SHELI 3134
Control 1626 1922
Female 180 17+2.0 18+3.3
GO 17+3.0 18%2.4
2000 17t3.1 191£1.8
Unit: g/day

Difference from control is statistically significant ((P<0.03, "P<0.01).

Table 2-1 };]ﬁﬂﬂllﬂﬂg}' in male and female rats after 13 weeks of aral
administration of ABM-M
No. of animals (Male(M)= 10, Female(F)=10)
ltem

Sex | Control 180mg/kg  600mg/ke  2000mg/ ke

REC M | 904+408 8924307 GWO+426  BRZH34.|
(=10%mm" | F TORE20.7T T66L385 H01+343 TOBE24T7
Ht (%) M 4515 47=1.9 44+ 1.6 MELT
F 43%+1.3 42414 43+1.2 2+1.5

Hb (gdt) | M | 156£0.53 1524047 15.1+0L17 15.9+0.8]
F | 1535046 155+045 154+040 15.7+0.51

BP M | 11297 105191 106+152  103+10.6
(«10%mm") | F 9799 98132 95+10.7 G6+10,5
MCV(cp) | M | 4962131 5072140 49840457 495+1.99
F | 521£1.21 536112 54.9+098" 53.5+0.93

MCH {7y) M| 1724094 184+065 17.120.87 17.9+0.80
F | 18920.57 19.8+0.43 1934065 19.1+0.57

MCHC (%) | M | 35.5+0.89 351092 3494098 35.2-+0.88
F | 36.3+0.36 368+068 35.8:L0.60 35.9+0.66

WBC M | 112+109% 106114 108%14.2 1114137
(#10%mm%) | F BO+11,3 BZE101  T9EI10.6 91+11.7

All values are expressed as mean * standard deviation.
Difference from control i1s statistically significant (P<0.05, “P=<0.01).




Table 2-2 Hematology in male and female rats after 13 weeks of oral
administration of ABM-M

Mo. of amimals (Male{M)= 10, Female{F)= 10}
Item .
Sex | Control 180mg/ks 600mp'kg  2000mg/ kg
Differential leukocyte count
(%)
Neutrophils M 2244 183 16£3™ 1T£2
F 24%T 26+6 255 2Tx11
Lymphocytes M T3+6 Bl+9" B2t5" 8148
F FEESN TitH T4E6 T35
Monocytes M 31 WEi i o a+1"
3 00 00 0x0 nE1
Eosinophils M 2:+1 1+0 0+0 00
F 1x0 1£1 1zl 0x0
Basophils M o+0 00 0+0 00
F 00 VERY) 0+0 0+0
Coagulation M 152404 151%£03 15606 15.4+05
PTisec) F 165+08 16206 164%1.2 16408

All values are expressed as mean + standard deviation.
Difference from control is statistically significant (P<0.05, "P<0.01).

Table 3-1 Serum biochemistry in male and female rats after 13 weeks of
oral administration of ABM-M

No. of animals (Male(M)= 10, Female(F)=10)
[tem Sex |
Control 180mg/ ke 600mg, kg 2000me kg
S-GOT(IU/D) M 67198 71+13.3 64107 G287
F 62+8 8 f4+5.7 63+8.9 G641
S-GPT(IU/) M 31465 WE1L0 3a+7.5 29495
F 2948.7 28+ 10.1 31+0.7 30+5.9
Al-P(IU/Q) M | 298+30.7 224%60.3° 2674499 237+57.4
F IG8£68.7  183+94.1" 163526 168+ R4.9
Sodium(mEqg/l) M | 14212 1413 146+ 3 141%4
F | 141+2 14341 1453 14022 L
Potassium(mEg/d) | M | 51+1.1 1.9+08 4 B+0.5" 4 840.7"
F | 49417 48+0.4 1,94+0,5 4.840.5
Chlonde(mEqg/?) M | 105414 107+1.1 106%1,3 107+1.1
| F W7+ 1.5 109413 [0R4=1.1 109-+1.%
Calcium(mg/d2) M | 10506 104205 10,4403 10.3+0.5
F 10.3+0.3 108+0,5  10.3%0.4 10.7+0.5
Inornganic phosphate| M | 5.7%1.0 5.5+0.6 4.9+0.8" 5.6+0.8
{mg/d) F | 4.8%0.7 5.1%1.3 16+1.4% 5.0+0.6

All values are expressed as mean + standard deviation.
Difference from control 15 statisticallv significant (P<0.05, “P<0.01, "™ P<0.001).
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Table 3-2 Serum biochemistry in male and female rats after 13 weeks of oral
administration of ABM-M

No. of amimals (Male{M)= 10, Female(F)=10)
Item Sex -
Control 180meg/kg G00me ke 2000m g/ ki
Glucose(mg/dl) M |IT4XITB 1T7T£278 158+30.1° 1822143
‘ F_|154+167 I1B6E43.2" 1764175 169+32.1
Blood urca nitrogen M | 1715 16£2.1 16:+1.8 1614
{mg/d?) F | 18+28 1625 16+ 1.8 17+2.3
Creatimne(mg/de) M [0.7T3Z0.8  0,74E0.0 0.79+0.5 0.74x1.0
__ F 07106 07501 (7304 0.744+1.1
Total cholesterol M | 79x11.2 TTX0.8 RO 10.6 BOE0.T
{mg/dl) F | B9+17.5  83+14.9 Rl 16,3 84+13.3
Total protein(g/de) M | 3104 27205  2.7+04° | 3005
| F $. 704 3108 3.641.0 31407
Albumin(g/d?) M | 30403 209+0,2 31402 3.1%03
| F | 32404 32402 29403 3.130.3
Total bilimbin{mg/d) | M |0.27T+0.05 020004 0272005  0.26+0.05
F [0.2840.16 0.30%0.17 0292021 0.29120.24

All values are expressed as mean = standard deviation.
Difference from control is statistically significant { /<005, “P<0.01).

Table 4-1 Urinalysis in male and female rats after 13 weeks of oral
administration of ABM-M

No. of ammals (Male(M)=10, Female(F)= I(J}
lItem Sex

Volume (ml) M|T 05+'? 7T B 35+2 16 B, 4413 ?5 H. 62+4 19

F 5924360 HEEFDE2 HE7TE220  [,06:-4.07
Color M 10 ] 9 10
ﬂ?h‘.ﬂlk"“ F 10 10 10 10
Yellow-brown M ] 1 1 0
F 0 ] 1] 0
Turbidity M 10 10 10 10
Clear F 10 Lo 10 1o
pH M 0 0 0 0
50 F LF] 0 0 0
55 M 0 [V 0 0

F 0 0 0 0

6.0 M 1 0 | 1
F 2 1] 0 1
6.5 M T 1] 7 B
F T ] 4] [
7.0 M 2 4 2 I
. F 1 ] 4 1
75 M 0 0 0 0
| F 0 0 1 2
Oceult blood M 10 10 10 10
Megative F b 10 10 10
4+ M 0 /] 0 0
F 1 1] ()] 0

Values of color, turbidity, pH, and occult blood are expressed as No. of animals,

the other values are expressed as mean + standard deviation.
Difference from control is statistically significant ("P<0.03).




Table 4-2 Urinalysis in male and female rats after 13 weeks of
oral administration of ABM-M

No. of animals (Male(M)= 10, Femalc(F)= 10)

Ttem Sex
Control __ 180mg/ky  600mg/ke  2000mg/ke
Ketone M 5 2 3 4
_ Negative F 1] 10 i g
Smg/dl (+) M 4 T B ki
F { 1] | 1
|5mg/de (1+) M 1 1 1 0
F 1] 0 1] 0
Glucose M i 10 0 10
Negative F 10 10 10 10
Protein M 0 ] [}] 0
__Negative F 1] 0 i i}
+ M 0 0 0 1
) F 2 ;| | 1
30mg/de (+) M 3 2 3 2
F b 6 4 a
100mg/de (2+) M 4 6 i 6
F 3 1 b G
300mg/de (3+) M 3 2 I I
F 0 ] {1 0
Bilimubm M 0 3 2 [V
Negative F 1 0 1 0
M 10 7 i 10
1+ F 9 1 ) 10
Urobilmogen
{(Ehnch unit/dd) M 10 10 10 10
0.1 F 9 10 10 10
1 M 0 1 0 ]
F 1 0 0 ] N
Microscopic
examination of
sediment
Ervthrocytes M 10 10 10 10
| Negative F 10 10 10 10
Leukocvies M 1] 10 10 10
Negative F 10 10 10 10
M 0 0 il (]
1+ F 1 ] 0 1]
Epith. cells M 10 10 10 10
Negative F 10 10 10 10
Cast M 10 10 10 1]
Megative F 10 10 10 10
Bactenia M (] 0 0 0
Negative F 1 1 { 0
+ M 10 10 10 10
F f ] 10 10
Mucous threads M 10 1] 10 10
Megative E 10 10 10 10
Others M | 0 0 0 0
Negative F 0 1 0 0
+ M 10 10 10 1o
F 1] ] 10 10

Values of ketone, glucese, protein, bilirubin, urobilinogen and microscopic
examination of sediment are expressed as No, of animals.
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Table § Average organ weights in male and female rats after 13 weeks of
oral administration of ABM-M

No. of amimals (Male(M)= 10, Female(F) = 10}
Item Sex S
Control 180mg/ ke 600me kg 2000mg ks
Body weight (g) | M | 469.3+31.6 468.1+325 46T4L281  470.6£40.3
F 26754203 260.3+17.6 26541309  270.8+21.2
Brain (g) M | 233740051 2.343+0.058 229540060 2.349+0.049
F L760E0.065 1.749+£0.079  1.699+0,053  1.75340.068
Heart (g) M | 12960087 128140047 1301+0.102 1.294+0.095
F | 07970048 0.776+0.057 0.763£0.069 0,796:+0.102
Lungs (g} M | L31540.067 13100092 [.30940.082 1.325:0.156
F 09140041 0.899+0.065 091510115 0.918+0.170
Liver (g) M | 134210694 13.267£1.936 13.007+1.726 13.361+1.823
F 7.263+0.785 7.086+0.591 7.198+1,337 7.286+1.351
Kidneys (g) M | 2767400437 2.776+0.0531 2.736+0.090 2.781+0.089
F 1.62540,071 16100095  1.599+0.055 1.636+0.087
Spleen (g) M | 0.791+0.093 08350084 079540069 0.793+0.007"
F 04680071 04720076  0470%0.064 0.472+0.061
Thymus (g) M | 02440061 02390048  0.247+40.055 0.255+0,063
F | 022740055 0.218£0.030  0.21940.044 0.224+0.046
Adrenals (mg) M | 89.397+364 892504455  H8.804+4.28 804121368
F | 749324320 76098315  8235144.10" 78.535+2.57
Thyroid (mg) M | 14.079%34 14042140 14.015£3.9  14.128%3.0
F 13.365+£2.9 13015234 11.986+3.6°  13.415+37
Testes (g) M 4.107£0.358 401820415  4.203+0.379  4.217%0.405
Ovancs (g) F 734174541 76.090+483 740094744 79.148+5.58°
Prostate (mg) M | 57246+495 5710021605 569.078-£56.2 571.720+455
Uterus (mg) F | 389.210%110.1 392,436+ 190.6 390,045 114.7 400.025+210.1
Pituitary (mg) M | 10376£0.95 9989105  10.176+2.08 10.147+2.70
F 11.910£1.93  1L.959+1.67  12.015%2.00 12,114+ 1.58

All values are expressed as mean + standard deviation.
Difference from control is stanstically significant (P<0.01, “P<0.001),




Table 6 Relative organ weights in male and female rats after 13 weeks of
oral administration of ABM-M

No. of animals (Male(M)= 10, Female(F)= 10}

Item Sex
Contral 160mg/ kg G00mg/ ke 2000me K
Body weight (g) M | 4693+316  468.1:+325 467.4+28.1 470.6+40.3
F 2754203 260.3*17.6 265.4-+30.9 270.8+21.2
Brain (%) M | 0496+0.062 0500041  0.48240.045 0.503+0.057
F 0,65940.034 0.6760.040  0.603+0.055 0631+ 0,048
Heart (%) M 0.27240.028  0.263+0.049  0.2800,051 0.275+0.048
F 02870026  0.295+0.063 0.284 0,028 0,297 £ 0.047
Lungs (% M | 027840020 0.2804£0.021  0.276+0.030 0,281+ 0.065
F 033740015 034240027  0.345+0.031 0.339+0.028
Liver (%) M | Z2EITH0.084 28210000  2.796+0093  2.840+0.078
F | 2678+0.103 26840082  2.71520.171  2.696+0.150
Kidnevs (% M | 0584+0028 O0.59620,041 057940017  0.593+0.019
F 0.603£0.029 061540048 05890017  0.613+0.016
Spleen (%) M 0670008 017720008 017020009 0. 165+ 0,006
F 01750000  (L18240.008 01800007  0,1TEE0.008
Thymus( %) Y| 0.052%0,008 0.050+£0.014 0.053+0.020 00500015
F 0.081£0.027 0.082+0,023  0.079+0.020  0.083£0.083
Adrenals (%) M | oo019+0001 00180001 001940001  0.019£0.001
F 0.0280.003 0.02920.005 009120003  0.030%0.003
Thyroid(%) M | 0.003+0.001 0.003£0.001 000340001  0.003+0.001
F 000540002  0.005+0.001 00050001  0.005+0.001
Testes (%) M | 0.903+0.087 0895+0.095 09210083  0.918+0.099
Ovaries (%) F | 002740003 003040003 00290005  0.031:+0005"
Prostate(%s) M | 012210036 0.12240.040 01200035  0,12340,047
Uterus (%) F | 0.14420.052  0.150£0,060  0.149+0.058  0.15420,065
Pituitary (%) M [0.002240.0005 0.0021F0.0004 00023200004 0.0022+0.0003
Fol0.0044=0,0004 0.00450.0005 0.0M5+0.0005 0.0045+ 0.0004

All values arc expressed as mean + standard deviation,
Difference from control 1s stanstically significant (P<0.01, “P<0.001).
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