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POPULATION DYNAMICS OF TOR MACROLEPIS (TELEOSTEI: CYPRINIDAE)
AND OTHER FISHES OF ATTOCK REGION, PAKISTAN

*Zafar Iqbal®, Khalid Pervaiz' and Muhammad Naeem Javed®
'Department of Zoology, University of the Punjab, Quaid-E-Azam Campus, Lahore 54590
Government Shalimar College, Lahore, Pakistan

ABSTRACT

A survey was conducted in Attock region, Pakistan to study the population dynamics of Tor macrolepis and other fish
species. Tor macrolepis specimens were 133 of the total 2839 fishes collected. Tor macrolepis varied in total length and
lateral line scales from 5.0 to 45.0cm and 24 to 28 respectively. Out of 60 fish species identified, 38 species comprised <
1% individually. Seventeen species were from 1.0 to 5.0%; 4 species such as; Devario devario, Puntius conchonius,
Puntius sophore and Cyprinus carpio were 5-10% and one species Crossocheilus diplochilus comprised 16.06%. Tor
and Glyptothorix are endemic genera to this area. There were 22 commercially important species. The population of 10
highly commercial indigenous fishes was very low and has fallen drastically. These species are, Labeo rohita (0.38%),
Cirhhinus mrigala (0.52%), Gibelion catla (0.06%), Mystus bleekeri (2.57%); Rita rita (0.03%), Sperrata sarwari
(0.24%), Wallago attu (0.10%), Clupisoma naziri (2.04%); Channa marulius (0.24%), and T. macrolepis (4.68%). The
decline in population of commercial fishes is attributed to indiscriminate overfishing, habitat degradation, aquatic
pollution and abundance of competitive exotic species. The IUCN status of fish fauna of Attock is also discussed.

Effective conservation measures are suggested to sustain Tor macrolepis and the fish fauna in Attock region.

Keywords: Attock region, fish fauna, Tor macrolepis, decline population, economic status.

INTRODUCTION

Pakistan has large and widely spread inland water
resources. The rivers and their tributaries, network of
irrigation canals, dams and lakes constitute these aquatic
resources. The Indus drainage system is the biggest river
system of Pakistan and it consists of the mighty Indus
River and its associated rivers and streams. Pakistan has a
very rich and diversified freshwater fish fauna. The
variation in fish fauna may be attributed to the fact that
the area of Pakistan constitutes a transitional zone
between Oriental, Palearctic  and Ethiopian
zoogeographical regions. Hence, these geographical
entities also influenced the fish fauna of Pakistan (Mirza,
1994). Number of comprehensive studies have been done
on the freshwater fish fauna of Pakistan from various
natural waters bodies; (Mirza, 1975, 1980, 1994, 2003,
2004; Qurashi et al., 1998; Rafique, 2000, 2001; Ahmad
and Mirza, 2002; Rafique et al., 2003; Javed et al., 2005;
Pervaiz, 2011). Khan et al. (2011) and Mirza (2003)
reported 183 freshwater fishes in Pakistan and Kashmir
which belongs to 11 orders, 26 families and 83 genera.
However, freshwater fish fauna of Pakistan are
represented by not less than 193 fish species (Rafique and
Khan, 2012).

Family cyprinidae supersede rest of the families with
regards to its number of genera and species in Pakistan

*Corresponding author email: dr.zafarigbal.pu@gmail.com

(Mirza, 2003). Many species of this family are highly
commercial and have significance in aquaculture too. The
economically important inland fish fauna comprise 16
species (Peter, 1999). Thirty freshwater fishes of Pakistan
have high economic value (Rafique and Khan, 2012). The
population of commercial fishes is declining in Pakistan
(Pervaiz, 2011; Rafique and Kahn, 2012). Worldwide,
fishes and fisheries are in severe decline, driven in large
part by economic and population growth (Limburg et al.,
2011). Densely populated and rapidly expanding urban
areas contribute significantly to aquatic habitat change
and water pollution (Brown et al., 2005). Agricultural
runoff also degrades and continues to degrade fish habitat.
Decline in population of some of the commercially
important fish species of Pakistan is associated to
overexploitation, pollution and habitat fragmentation
(Rafique and Khan, 2012).

Most of the studies done in Pakistan mainly described
species diversity and composition of freshwater fishes,
but lack important characteristics of the fish fauna, such
as population dynamics of economically valued species
and their conservation status. Rafique and Khan (2012)
have described freshwater fish fauna of special
importance, with regard to endemism, IUCN status and its
rarity. The aim of present study was to investigate
population dynamics, economic and conservation status
of fish fauna of Attock region, Pakistan and suggest steps
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to conserve and enhance production of T. macrolepis, the
Indus Golden Mahseer.

MATERIALS AND METHODS

Fish sampling was conducted from July 2008 to June
2009. Collections was made from different sites of Attock
district and adjoining areas which included Indus River,
Haro River and Hassan Abdaal area. For this purpose, the
Haro River was divided into four sampling zones. Each
part consisted of about ten kilometer area starting from
upstream of the Haro River Toll Plaza at G.T road and
ending at Garyala junction with the Indus River. Fish
samples were also collected from Hasan Abdaal area
around Nalah Kala and adjoining water streams. At main
Indus River samples were collected from two different
sites. Many different methods were used to collect the
fishes depending upon the circumstances like pond net,
cast net, scoop net, gill net drag net and cover pot with the
assistance of local fishermen. Fish specimens in field
were fixed in 10% formalin. Larger specimens were also
given intra-peritoneal injection of formalin. The samples
were packed in soaked cotton with pure formalin and
were transported to laboratory and shifted in 70% ethanol
for further investigation. Each specimen was numbered
and tagged in the dorsal fin. Classification was followed
after Mirza and Sharif (1996) and Mirza (2004).

RESULTS

Sampling site Haro River

The Attock district is located along the main Indus River.
The land of this district is sub-mountainous and with
typical barani features. The Haro is the main river in this
district, which originate from Murree hills (foot hills of
Himalayas) flow meandering downhill and reaches Khan
Pur Dam (35km from Islamabad). From Khan Pur Dam
downstream, this River covers about 40km area in district
Attock, and finally confluence with main Indus River at
Garyala Junction near Ghazi-Brotha hydropower electric
generation station. The main Haro River from Ghazi to
Gariala represents transition from snow carp region to
mahseer region (Mirza, 1994). There is a great diversity
in water depth, width and current in different regions and
different seasons in River Haro. During rainy season the
river is flooded. But in other seasons, it is quite shallow
and water has slow velocity. The river bed varies from
sandy and gravel to sandy and rocky. The substratum of
the Haro River consists of gravel covered with sand, silt
and detritus, which form an excellent substrate for
Mahseer breeding (Pervaiz, 2011).

Fish fauna of Attock region

A total of 2839 fish specimens were collected in six
batches. The whole collection included 14 families, 39
genera and 60 species (Table 4). There were 133

Table 1. Tor macroelpis and other fish species from Attock Region.

Batch No. E%E?g(ﬂ:g Tor nlzlg(':?cflepis % Tor macrolepis % of other species
1 562 25 4.44 95.56
2 587 24 4.08 95.92
3 583 27 4.63 95.37
4 432 20 4.62 95.38
5 470 22 4.68 95.32
6 205 15 7.31 92.69
Total 2839 133 4.68 95.32

Table 2. Length wise Six Tor macrolepis sampling groups from Attock Region.

Len%?ng];)roup Group-1 Group-11 | Group-111 | Group-1V | Group-V | Group-V1 Total
5-10 - 2 2 2 2 - 8
11-15 22 7 18 9 18 - 74
16-20 2 13 7 9 2 7 40
21-25 1 1 - - - - 2
26-30 - 1 - - - 3 4
31-35 - - - - - 3 3
36-40 - - - - - 1 1
41-45 - - - - - 1 1
Total 25 24 27 20 22 15 133
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specimens of Tor macrolepis, which comprised 4.68% of
the entire catch. The total length of T. macrolepis was
from 5.0 to 45.0cm. The fish of length from 5.0 to 20cm
dominated the sample (122 specimens) (91.24%) and
fishes from 21-45cm total length were 8.27%. The lateral
line scales varied from 24 to 28 in this fish (Tables 1-3).

From 60 fish species identified in this study, thirty eight
species comprised < 1% individually. Seventeen species
were from 1.0 to 5.0%. Four species such as Devario
devario, Puntius conchonius, Puntius sophore and
Cyprinus carpio were 5-10%. Only one species

Crossocheilus diplochilus was most abundant comprising
16.06%. Family Cyprinidae dominated the present
collection with 21 genera and 35 species. The family
Bagridae with 3 genera and 4 species, family Siluridae,
Chandidae, and Schilbeidae with 2 genera and 2 species
each, family Sisoridae with two genera and 4 species,
Channidae one genus and 3 species, family Cichlidae with
one genus 2 species, families Notopteridae,
Nemacheilidae, Heteropneustidae, Belontidae, Gobiidae
and Mastacembelidae are represented by only one species
each (Table 4).

Table 3. Lateral line scales in six groups of Tor macrolepis from Attock Region.

'—atsigi'es“”e Group-1 | Group-1I Group-111 Group-1V | Group-V Group-V1
24 2 1 - - - -
25 22 20 - - 4 -
26 B 2 3 6 8 2
27 - 1 7 8 9 13
28 - B 17 6 1
Total 24 24 27 20 22 15

Table 4. Population dynamics, Economic and IUCN status of fishes of Attock Region (E. S; Economic status; *** very

good;**good; *Fair; - None): (Heck: Heckle)

NScI>. Family and species Common name NO(;' f/is(r)w/o E.S ISltJaCt:L'J\.l,
[ Family Cyprinidae
1 Labeo rohita (Hamilton) Rahu 11(0.38) el Least concerned
2 Labeo calbasu (Hamilton) Kalbas 03(0.10) ** Least concerned
3 Labeo boga (Hamilton) Bhangan 03(0.10) - Least concerned
4 Labeo diplostomus (Heckel) Mountain rahu 95(3.34) - Least concerned
5 Labeo dyocheilus pakistanicus Thick lip labeo 11(0.38) *x Least concerned
Mirza &Awan
6 Labeo angra (Hamilton) Buttar 06(0.20) - L east concerned
7 Cirrhinus reba (Hamilton) Sunni 07(0.24) *x L east concerned
8 Cirrhinus mrigala (Ham.) Mori 15(0.52) il L east concerned
9 Gibelion catla (Hamilton) Thaila 02(0.06) el Least concerned
10 Tor macrolepis (Heckel) Indus golden 133(4.48) il Not evaluated
mahseer
11 Crossocheilus diplocheils (Heck.) Dogra 456(16.06) * L east concerned
12 Cyprinus carpio L. Gulform 150(5.28) *x Vulnerable
13 Chela cachius (Hamilton) Bidda 03(0.10) - L east concerned
14 Chela laubuca ( Hamilton) Bidda 07(0.24) - L east concerned
15 Salmophasia bacailia (Ham.) Small chal 40(1.40) - Least concerned
16 Salmophasia punjabensis (Day) Punjab razor belly 25(0.88) - Not evaluated
minnow
17 Securicula gora (Hamilton) Big chal 02(0.06) - Least concerned
18 Aspidoparia morar (Hamilton) common chilwa 140(4.93) - Least concerned
19 Barilius modestus Day Lahori chilwa 58(2.04) - Not evaluated
20 Barilius pakistanicus Mirza & Sadiq | Pakistani chilwa 22(0.77) - Not evaluated

Continued...
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Table 4 continued

Nsd Family and species Common name ’\(I)(;'flisff) E.S Islijaiz:
21 | Barilius vagra (Hamilton) Lahori chilwa 73(2.57) - Least concerned
22 | Devario devario (Hamilton) Patha makhni 190(6.69) - Least concerned
23 | Esomus danricus (Hamilton) Soomare 11(0.38) - Least concerned
24 | Rasbora daniconius (Hamilton) Charl 12(0.42) - Least concerned
25 | Systomus sarana (Hamilton) Kharni 14(0.49) - Least concerned
26 | Osteobrama cotio (Hamilton) Palero 07(0.24) - Least concerned
27 | Puntius chola (Hamilton) Chola popra 99(3.48) - Least concerned
28 | Puntius conchonius (Hamilton) Rosy barb 168(5.91) - Least concerned
29 | Puntius sophore (Hamilton) Sophara popra 264(9.29) - Least concerned
30 | Puntiu ticto (Hamilton) Ticto popra 18(0.63) - Least concerned
31 | Garra gotyla (Gray) Pathar chat 03(0.09) - Least concerned
32 | Racoma labiata Kunar snow 21(0.73) - Not evaluated
McClelland & Griffith trout/chun
33 | Racoma fedtschenkoi Kessler) Chunni 01(0.01) - Not evaluated
34 | Schizothorax plagiostomus Heckel Swati 62(2.18) ** Not evaluated
35 | Carassius auratus L. Goldfish 110(3.87) *x Not evaluate
1 Family Notopteridae
36 | Notopterus notopterus Pallas Pari 08(0.28) ** Least concerned
Il Nemacheilidae -
37 | Triplophysa microps (Steindachner) Singhat 02(0.06) - Least concerned
v Family Bagaridae -
38 | Mystus bleekeri (Day) Bleekri Tingara 73(2.57) okl Least concerned
39 | Mystus vittatus (Bloch) Kingar 01(0.03) - Least concerned
40 | Rita rita (Hamilton) Khagga 01(0.03) Fhx Least concerned
41 | Sperrata sarwari (Mirza et al) Singhari 07(0.24) Fhx Least concerned
\ Family Sisoridae
42 | Gagata pakistanica Mirza, et al, Sanglai 77(2.71) - Not evaluated
43 | Glyptothorax naziri Mirza & Naik | Sulemani khagga 21(0.73) - Not evaluated
44 | Glyptothorax punjabensis Sulemani khagga 03(0.10) - Not evaluated
Mirza & Kashmiri
45 | Glyptothorax stocki Sulemani khagga 22(0.77) - Not evaluated
Mirza & Nijssen
Vi Family Siluridae
46 | Ompok padba (Hamilton) Mountain Pafta 44(1.44) - Near threatened
47 | Wallago autto Bloch & Schneider Mullee 03(0.10) Fhx Near threatened
Vil Family Heteropneustidae
48 | Heteropneustes fossilis (Bloch) Singhi 04(0.14) ** Least concerned
VIl Schilbeidae
49 | Ailia coila (Hamilton) Patari 03(0.10) - Near threatened
50 | Clupisoma naziri (Hamilton) Naziri bachcha 58(2.04) okl Not evaluated
IX Family Belontidae
51 | Xenentodon cancila (Hamilton) Kaan 03(0.10) - Least concerned

Twenty three commercially important fish species were
recorded in this collection. Ten species have “very good’
and 13 species have *“good” economic value. The
indigenous commercially “very good” fishes were L.
rohita (0.38%), C. mriagla (0.52%), G. catla (0.06%), M.

Continued...

bleekeri (2.57%); R. rita (0.03%), S. sarwari (0.24%), W.
attu (0.10%), C. naziri (2.04); C. marulius (0.24%), and
T. macrolepis (4.68%). The four introduced species; C.
carpio (5.28%), C. auratus (3.87%), O aureus (0.88%)
and O. mossambicus (1.93%) are well establishes in this
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Table 4 continued

Nsd Family and species Common name ’\(I)(;'flisff) E.S ISLtJaCt:u':
X Family Channidae
52 | Channa punctata (Bloch) Daula 16(0.56) *x Least concerned
53 | Channa marulia (Hamilton) Soul 07(0.24) ekl Not evaluated
54 | Chana striata (Bloch) Soul 15(0.52) - Least concerned
XI Family Chandidae
55 | Chanda nana (Hamilton) Sheesha 48(1.49) - Least concern
56 Paramabassis ranga (Hamilton) Sheesha 44(1.54) - Least concern
Xl Family Gobiidae
57 | Glossogobius giuris (Hamilton) Guleo 11(0.38) - Not evaluated
X1 Family Cichlidae
58 | Oreochromis aureus (Steindachner) Blue tilapia 25(0.88) ** Not evaluated
59 | Oreochromis mossambicus (Peters) Mozambique 55(1.93) *x Near threatened
tilapia
XIV | Family Mastacenbelidae
60 | Mastacembulus armatus (Lecepede) | Zig-zag eel/ Bam 54(1.90) ** Least concerned

area. In spite of stocking of Chinese carps in public
waters of  Attock district (Nawaz  personal
communication) none of the three Chinese carps, grass
carp Ctenopharyngodon idella (Valenciennes), silver carp
Hypopthylmichythus molitrix ~ (Valenciennes) and big
head carp, Aristichthys nobilis (Valenciennes) was not
recorded in this collection. There is much probability that
these species have not been able to establish in the area.
The chances of their missing from the catch seem very
little. The main component of present collection is of non
commercial fishes which comprised 63.33%.

The IUCN status of important fishes T. macrolepis, S.
plagiostomus, C. naziri, O. aureus, R. labiata, C. auratus
and four species of Glyptothorax, are not evaluated yet.
Whereas, O. pabda, W. attu are near threatened and C.
carpio is vulnerable. But the important fishes L. rohita, C.
mrigala, G. catla, M. bleekeri, S. sarwari, R. rita, C.
marulius are mentioned least concerned in [UCN list.

DISCUSSION

Freshwater fish fauna of Pakistan is dominated by family
cyprinidae. Mirza (2003) listed 74 species from family
Cyprinidae in Pakistan. The same trend is exhibited in
fish fauna of Attock region, as 58.33% of the fish species
belonged to family cyprinidae. The Golden Mahseer of
Indus system had been assigned to Tor putitora
(Hamilton), Tor tor (Hamilton) and Tor mosal (Hamilton)
by various authors. Actually the Mahseer studied in this
collection is different from all these three species.
According to Mirza (2003) the name used by Heckel
(1838) for Indus Mahseer appears to be correct name.
Hence, the same name Tor macrolepis for the Indus
Golden Mahseer after Mirza (2003) has been used.

Pervaiz (2012a,b) has done very detailed work on the
taxonomic and morphmetric analysis of this fish and has
shown that T. macrolepis of Indus drainage system is
different from the Mahseer present in Ganges
Brahmaputra drainage system.

The Attock region is characterized by presence of some
endemic species like Golden Mahseer of Indus, Tor
macrolepis, Gagata pakistanica, Glyptothorix naziri,
Glyptothorix punjabensis, and Glyptothorix stocki (Javed
et al.,, 2005). Three cold water species Schizothorax
plagiostomus, Racoma labiata and Racoma fedtschenkoi
are also represented in the present collection. The
occurrence of some endemic species like genus
Glyptothorix in this area corresponds to the typical
topography of the fast flowing streams and rivers, which
are shallow, clear and with rocky beds. The members of
genus Glyptothoraix have evolved special adhesive
suckers on their abdomen to adhere to substrate in fast
flowing water. This character of attachment at the river
bed was a prime factor in survival of these fishes in high
velocity rivers and streams (Jayarm, 1982).

The presence of carnivore species like W. attu and R. rita
and other carnivore fishes are probable hazard to co-
habiting fishes. These fishes are pisicivorous and feed on
fry, fingerlings and even big fishes. Hence, this is
constant threat to other fishes. The missing Chinese Carps
might have escaped during the sampling process. The
exotic species O. aureus and O. mossambicus, C. carpio,
C. auratus are omnivores that feed on plankton and
aquatic vegetation. These species are fast breeder and
compete for food and space to native species especially
commercial fishes, the major carps, both in rearing
facilities and wild. These four species seems well
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established in Attock region. Khan et al. (2011) have
pointed out that exotic species are becoming invasive in
freshwaters of Punjab and other provinces of the country
and are competing with local fauna. This adverse situation
is one of the probable reasons of decline of commercially
important fishes, which showed the lowest composition
(0.03 to 0.24%) in the present collection. Even the
majority of non-commercial fishes are also flourishing at
the cost of the most valued and important fishes. The
indiscriminate over exploitation of fisheries resources,
habitat degradation due to flooding and illegal digging
from river banks have contributed to decline of important
and commercial fishes from Attock region. The majority
of fishes are categorized as least concerned in IUCN Red
List (IUCN, 2012). Tor macrolepis is not evaluated by
IUCN. Only three species, O. pabda, W. attu and O.
mossambicus are near threatened (IUCN, 2012).

The following steps are suggested concisely, not only for
conservation and preservation of T. macrolepis but also
for its sustainable production in the country. Enforcement
of ban on illegal fishing methods such as; dynamiting,
electrocuting and poisoning may be implemented. Save
Mahseer campaign may be launched for public awareness
at government level and private sector. Healthy brood
stocks should be collected from suitable sites as this is the
backbone of replenishment program. Scientific studies on
important biological aspects such as racial analysis,
disease diagnosis and health management regarding Tor
macrolepis are suggested along its distribution region in
Pakistan. A comprehensive and unified strategy for
conservation of this fish be designed and adapted at
country level.

CONCLUSION

Attock region of Pakistan is rich in commercial fish
fauna, but its population is low and falling drastically.
Measures to conserve and enhance natural fish production
may prove beneficial.
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ABSTRACT

The purpose of this investigation was to evaluate the efficacy of raw glycerol obtained as a by-product from the biodiesel
manufacturing industry on the bioremediation of a soil contaminated with 8.43mg/kg of the USEPA 16 priority PAHs.
Experiments were carried out using raw glycerol at 0.63, 0.32 and 0.16mg/kg. The second condition resulted in the best
PAH biodegradation in 60 days, 68.0+0.1%, confirming that this compound may be used as a cosubstrate and adding
value to this residue. Germination Index assay on soil samples proved that bioremediation eliminated the phytotoxic

effects.

Keywords: Bioremediation, polycyclic aromatic hydrocarbons, raw glycerol, cosubstrate, germination index.

INTRODUTION

Polycyclic Aromatic Hydrocarbons (PAHs) are the
primary organic contaminants in nature and are mainly
found in soil. The hydrophobic characteristic of these
molecules allows them to strongly bind to particles
present in the soil, thus hindering their bioavailability and,
consequently, their biodegradation. In addition, the
mutagenic and carcinogenic potential of PAHs is well
known and widely reported in the literature (Sanchés-
Guerra et al., 2012; Gong et al., 2007; Mater et al., 2006).
PAHs originates mainly from vegetable, geochemical, and
anthropogenic sources. Chemically, PAH molecules
present two or more aromatic rings and cyclopentanes that
are condensed and arranged in linear form, angular form,
or in groups, and they are formed from saturated
hydrocarbons under oxygen-deficient conditions through
pyrosynthesis or pyrolysis catalyzed by constituents
present in the medium (Muckian et al., 2007).

Due to the complexity of the soil as well as the diversity
and nature of the contaminants, several technologies have
been developed and employed for the removal of
polluting  chemicals. =~ Among  these  methods,
bioremediation has been highlighted. The wuse of
microorganisms for the removal of petroleum
hydrocarbons from soil has been widely documented in
the literature. This technique is environmentally friendly
and is well-accepted by the public (Jacques et al., 2007;
Supaphol et al., 2006).

*Corresponding author email: ulvasco@gmail.com

The biodegradation of PAHs in soil is slower than other
hydrocarbons. These molecules are not the preferred
sources of carbon, and so the microbiological removal
process occurs through cometabolic pathways. Based on
this principle, the addition of cosubstrates, e.g., glycerol,
to the contaminated soil can contribute to the process of
biodegradation. Glycerol is one of the adjuvants most
widely used as a cosubstrate in various industrial
bioprocesses, and it has been successfully used in the
biodegradation of raw oil and in the process of
denitrification of wastewater (Bodik et al., 2009; Zhang et
al., 2005).

Glycerol has several advantages over other cosubstrates
due to its osmoregulatory properties and the fact that it
can serve as the preferred source of carbon in the
synthesis of biosurfactants. In addition, glycerol is widely
available in the market (Batista et al., 2006; Nevoigt and
Stahl, 1997). In this context, raw glycerol, a byproduct of
the biodiesel industry, acquires an added value because it
can be reused in the oil and gas industry. Glycerol
production and supply have been increasing over the past
years, thus stimulating research aimed at developing
functional applications for the product (Ayoub and
Abdullah, 2012).

Raw glycerol is regarded as an industrial waste because of
its concentration of alkali metals, soaps, and other
impurities derived from the process of biodiesel
production. Even the raw form of glycerol can be used as
a carbon source for energy and biomass production, with
similar results compared to glycerin (Liu et al., 2009).
Because research using glycerol is a relatively new topic,
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there are no reports describing its application as a
cosubstrate during bioremediation of soils contaminated
with PAH.

MATERIALS AND METHODS

Soil

The soil samples used in the present study were collected
from a coastal region of Brazil. The samples were
subjected to physicochemical and microbiological
characterization, and the results are shown in table 1.

Raw glycerol

Raw glycerol was kindly provided by the Instituto Virtual
Internacional de Mudangas Globais associated with the
Instituto Alberto Luiz Coimbra de Poés-graduacido e
Pesquisa em Engenharia da Universidade Federal do Rio
de Janeiro — IVIG-COPPE/UFRYIJ). The raw glycerol was
coproduced during the process of biodiesel production
from soybean (Glycine max, L. Merrill) by the
transesterification reaction via the ethyl route using
potassium hydroxide as a catalyst. The compound had the
following characteristics: density 0.0011 g/cm’, pH 9.9,
ethanol content (2.8% w/w), water content (9.3% w/w),
KOH content (2% w/w), glycerol content (84.4% w/w),
diglyceride content (1.0% w/w), triglyceride content
(<0.5% m/m), and potassium content (50.7 mg/g).

Biodegradation experiments

The biodegradation experiments were conducted for a
period of 60 days in reactors with the following
dimensions: 0.22 m width, 0.22 m length, and 0.09 m
depth, containing 2 kg of soil. The effect of raw glycerol
addition as a cosubstrate, using 0.63, 0.32, and 0.16
mg/kg of the compound, was analyzed.

To ensure adequate oxygen supply, the soil was regularly
aerated by rotating it every 72 hours with a glass rod. The
concentration of heterotrophic bacteria and filamentous
fungi were determined from samples collected at 0, 7, 15,
30, and 60 days by the pour plate technique using
Nutrient Agar (Merck, Darmstadt, Germany) containing
50 mg/L nystatin suspension at 10.000 UI/mL (Sigma, St.
Louis, USA) for heterotrophic bacteria and Sabouraud
Agar containing 2% glucose (Vetec, Rio de Janeiro,
Brazil) and 50 mg/L ampicillin trihydrate at 96.0 to
100.5% purity (Sigma, St. Louis, USA) for filamentous
fungi. Bacteria and fungi were incubated at 28+1°C for 48
hours or 72 hours, respectively. Abiotic loss was
calculated using a reactor containing the same amount of
soil added with a solution of 10% silver nitrate
(Vasconcelos et al., 2011).

Ecotoxicological assay
Seed germination and root elongation tests were
performed to determine the germination index (Gj), as

described by Tiquia et al. (1996), using the following
equation:
G[: [(S]/Sz) X (R]/Rz)] x 100

Where S1 is the number of germinated seeds in the soil
extract, S2 is the number of germinated seeds in the
control, R1 is the average root length in the soil extract,
and R2 is the average root length of the control. Seeds of
Allium porrum, L., Cucumis anguria, L. and Cucumis
melo, L. were used in this study. Incubation was
performed at 22+1°C in the dark for 5 days. The test was
conducted in triplicate using ten seeds of each species.
The Germination Index takes into consideration control
assays carried out with distilled water.

RESULTS AND DISCUSSION

The effect of the addition of raw glycerol as a cosubstrate
in the biodegradation of the 16 priority PAHs from
USEPA was analyzed. Degradation of the contaminants
was observed in all tested concentrations. The average pH
of 7.440.1 and soil moisture of 17.0+0.1% (p <0.05) were
favorable conditions for the degradation process. The
percentage of biodegradation of each PAH is shown in
table 2.

The addition of 0.63 mg/kg of raw glycerol promoted an
approximately 64% reduction in PAH; however, the
concentration of the compound that most highly
stimulated the process was 0.32 mg/kg, resulting in a 6%
increase in biodegradation and a 15% increase compared
to the control reactor. A significant increase in the
percentage of PAH removal, attributed to reduced raw
glycerol content, was also observed in previous studies
using the compound as a cosubstrate during the
biodegradation of toxic compounds (Easterling et al.,
2009; Chen et al, 2007). Attempts to reduce the
concentration of raw glycerol to 0.16 mg/kg had no
significant effect, yielding a value very close to that
observed in the control reactor.

There was almost 100% removal of PAHs with two or
three aromatic rings in all tested conditions. This was due
to the simplicity of the molecular arrangement of these
compounds and their low concentrations in soil. In
contrast, the presence of raw glycerol negatively
influenced the biodegradation of anthracene and fluorene,
which corroborates the findings of Bengtsson and
Zerhouni (2003). Moreover, degradation of these PAHs
were inversely proportional to the concentration of raw
glycerol, as observed by Baboshin et al. (2003), possibly
related to the preferred choice of carbon source by telluric
microorganisms.

Phenanthrene had the lowest percentage of removal in all
reactors, including the control. The result is supported by
the findings of Vifias et al. (2005) who observed that
incomplete degradation of phenanthrene was related to



Canadian Journal of Pure and Applied Sciences 2205
Table. 1 Characterization of the soil samples.
Analysis Results Reference
Texture (%) ABNT (1984)
Clay (<0.02mm) 945
Silt (0.002-0.02mm) 33+1
Fine sand (0.02-0.2mm) 22+2
Medium sand (0.2-0.5mm) 19+1
Coarse sand (0.5-1.0mm) 1244
Gravel (>1.0mm) 545
Total Organic Carbon (mg/kg) 23,000+1,000 USEPA® 9060
Total N (mg/kg) 1,397+30 USEPA 315.2
Total P (g/kg) 77711 USEPA 365.3
16 priority PAHs” (mg/kg) 8.43+590 USEPA 8270C, 3540C e 3630C
pH 7.840.1 EMBRAPA (1979)
Water-Holding-Capacity (%) 21.4+0.1 Vasconcelos et al. (2011)
Water content (%) 10.0+0.1 EMBRAPA (1979)
Heterotrophic bacteria (UFC/g) 34+1x10° Vasconcelos et al. (2011)
Filamentous Fungi (UFC/g) 22+1x10* Vasconcelos et al. (2011)
% United States Environmental Protection Agency. ® Polycyclic Aromatic Hydrocarbons
Table 2. Percentage of the USEPA 16 priority PAHs biodegradation (abiotic loss = 10+0.1%)*
. Raw glycerol concentration (mg/kg)
PAH (# rings) 0.00 0.16 032 0.63
Naphtalene (2) >99.9+0.1 >99.9+0.1 >99.9+0.1 >99.9+0.1
Acenaphthene (3) >99.9+0.1 >99.9+0.1 >99.9+0.1 >99.9+0.1
Acenaphtilene (3) >99.9+0.1 >99.9+0.1 >99.9+0.1 >99.9+0.1
Fluorene (3) >99.9+0.1 88.0+0.1 86.0+0.1 76.0£0.1
Anthracene (3) >99.9+0.1 55.0+0.1 46.0+0.1 44.0£0.1
Phenanthrene (3) 18.0+0.1 30.0+0.1 43.0+0.1 38.1+0.1
Fluoranthene (4) 51.8+0.1 51.8+0.1 59.7+0.1 59.5+0.1
Pyrene (4) 60.9+0.1 33.7+0.1 69.4+0.1 54.4+0.1
Benzo[a]anthracene (4) 52.2+0.1 56.3+0.1 77.2+0.1 66.8+0.1
Chrysene (4) 45.240.1 46.6+0.1 70.2+0.1 56.3+0.1
Benzo[b]fluoranthene (5) 65.1£0.1 67.5+0.1 79.7+0.1 73.6+0.1
Benzo[k]fluoranthene (5) 70.5+0.1 73.020.1 93.0+0.1 90.5+0.1
Benzo[a]pyrene (5) 52.8+0.1 55.0+0.1 85.1+0.1 81.9+0.1
Dibenz[a,h]anthracene (5) 43.5+0.1 52.5+0.1 70.7+0.1 66.2+0.1
Benzo[g,h,i]perylene (6) 85.1+0.1 85.6+0.1 85.1+0.1 74.5+0.1
Indeno[1,2,3-c,d]pyrene (6) 85.3+0.1 90.7+0.1 84.4+0.1 84.4+0.1
Biodegradation (%) 58.1+0.1 59.4+0.1 68.0+0.1 63.9+0.1
USEPA - United States Environmental Protection Agency. PAHs —Polycyclic Aromatic Hydrocarbons. * initial concentration =
8.43mg/kg (sum of the USEPA 16 priority PAH)
the low bioavailability of the compound when nutrient  benzo[b]fluoranthene, benzo[k]fluoranthene,

supplementation in relation to the degradation of several
PAHs was analyzed.

With regard to PAHs with four to six aromatic rings, the
percentage of biodegradation was between 33.7 and
93.0£0.1%. The reduction in six of the ten PAHs of this
group, benzo[a]anthracene, chrysene,

benzo[a]pyrene and dibenzo[a,h]anthracene, was due to
the raw glycerol concentration used. Successful
biodegradation can possibly be attributed to higher
bioavailability of these compounds in the soil, favored by
the emulsifying property of raw glycerol. High values
were observed in the PAHs with five and six aromatic
rings; these values were significantly higher than those
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Fig. 1. Microbial concentration during PAHs biodegradation.

Table 3. Range of PHAs biodegradation (mg/kg/day) (p<0,05)

. Raw glycerol concentration (mg/kg)
Time (days) 0.00 0.16 032 0.63
0-30 0.05+0.01 0.10+0.01 0.18+0.10 0.15+0.11
30-60 0.04+0.01 0.02+0.01 0.04+0.11 0.03+0.10
PAHs — Polycyclic Aromatic Hydrocarbons
Table 4. Germination Index (p<0,05).
Raw glycerol concentration (mg/kg)
Plants
0.00 0.16 0.32 0.63
Allium porrum 40.6+4.5° 41.9+7.4° 121.9+13.4¢ 108.4+15.1¢
Cucumis anguria 50.3+5.5° 51.9+5.8° 85.1+4.9¢ 83.6+2.7°
Cucumis melo 73.5+6.1° 74.3+3.8° 101.9+11.2°¢ 88.3+3.8°

“High phytotoxicity. > moderate phytotoxicity. “no phytotoxicity

reported in the literature (Lei et al., 2005; Joner et al.,
2004; Xu and Obbard, 2004).

In addition to raw glycerol, other PAHs may work as
cosubstrates during the removal of certain PAHs with
high molecular weights. This metabolic strategy has
previously been investigated through kinetic studies in
which removal of pyrene in the presence of fluoranthene
and phenanthrene was observed (Hwang and Cutright,
2003; Dean-Ross et al., 2002). This observation may
explain the highest percentage removal of pyrene at
69.4+0.1%, coinciding with the highest percentage
removal of fluoranthene at 59.7+0.1% and phenanthrene
at 43.0£0.1% in the reactor with the addition of 0.32

mg/kg raw glycerol. An important observation concerns
the second highest percentage of degradation of pyrene
that occurred in the reactor without the addition of raw
glycerol. In this case, the microbiota used two distinct
classes of cosubstrates for the removal of these PAHs.

When raw glycerol was not included in the reactor, the
biodegradation percentages of PAHs with four to six
aromatic rings were between 43.5 and 85.3+£0.1%. The
greatest reductions were observed in highly persistent
molecules of benzo[g,h,i]perylene and indeno[1,2,3-
c,d]pyrene. The high removal percentages can be
explained by the distribution of PAHs in soil aggregates,
thus favoring bioavailability.
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As shown in figure 1, the presence of raw glycerol
allowed for the development of a population of
heterotrophic bacteria and filamentous fungi in the soil,
depending on the concentration of cosubstrate employed.
Furthermore, the levels of nitrogen and phosphorus
ensured the necessary supply of these nutrients, which
was verified by the stability of the microbial population in
the reactor without raw glycerol.

The addition of 0.32 and 0.63 mg/kg of raw glycerol
increased the population of heterotrophic bacteria and
filamentous fungi by two orders of magnitude during the
first seven days of the experiment. In the reactor
containing 0.16 mg/kg of the glycerol compound, a slight
increase was observed in the microbial population during
the same period, possibly due to the low concentration of
raw glycerol used. Over time, the microbial density
decreased, and the concentration was reestablished to a
similar level to that determined at the beginning of the
experiment under all glycerol conditions tested.

The experimental time required for the reestablishment of
heterotrophic bacteria was between 30 and 60 days. The
concentration of filamentous fungi was reduced twice as
fast as the bacterial concentration. Such behavior was also
observed by Ballaminut and Matheus (2007) and may be
attributed to the higher sensitivity of fungi to nutrient
depletion. The reduction in the microbiota in this type of
research is a predicted event and may also be related to
the presence of toxic metabolites and the phenomenon of
tolerance, in which environmental stresses, such as the
petroleum  hydrocarbon  contamination,  promote
compensatory effects, causing the microbiota to balance
and stabilize (Igwo-Ezikpe et al., 2010; Ayotamuno et al.,
2007).

The microbial communities in soil are structured in a way
that they can eliminate the xenobiotic compounds, using a
mechanism involving metabolic cooperation, chemotaxis,
and cometabolism. However, supplementation of the
medium with a soluble carbon source at non-inhibitory
concentrations directly influences the bioprocess through
the induction of growth and increased metabolic rate
(Pizzul et al., 2007; Grabowski et al., 2005).

Table 3 shows that the highest rates of biodegradation
occurred in the first half of the experiment in systems
where raw glycerol was added, coinciding with the period
having higher microbial density. With the depletion of the
cosubstrate, the degradation rate was significantly
decreased, revealing the contribution of raw glycerol in
the process, in agreement with previous studies in which
glycerin was administered as a carbon source
(Vasconcelos et al., 2011; Baboshin et al., 2003).

It is possible that with the depletion of raw glycerol, other
molecules such as low molecular weight PAHs and light

oil fractions may have been used as cosubstrates, which
explains the significant decrease in the rate of daily PAH
reduction in the second half of the bioprocess; however,
this did not lead to the end of the bioprocess, as seen in
the reactor without raw glycerol.

The raw glycerol concentration also affected the reduction
of the phytotoxic effect determined by the germination
index (Gy) shown in Table 4. The G is the result of seed
germination and the rate of elongation of the root extract
in contaminated soil and in control soil. For any plant, the
phytotoxicity of the soil constituents is considered
moderate when the Gy ranges between 50 to 80%. A Gy
below 50% indicates high phytotoxicity, and a G; above
80% indicates the lack of a phytotoxic effect (Anastasi et
al., 2009).

An 8.43 mg/kg concentration of PAH promoted moderate
(C. anguria and C. melo) to high (A. porrum)
phytotoxicity. This result is in disagreement with the
results observed by Debiane et al. (2008), in which a
phytotoxic effect of the tested hydrocarbons was detected
at concentrations above 10 mg/kg. The decrease in the
inhibitory effect on plants coincided with a significant
reduction in the content of the contaminant. The best
condition for the PAH biodegradation test for the
elimination of phytotoxicity was observed at raw glycerol
concentrations of 0.63 and 0.32 mg/kg. Despite the high
content of potassium and other impurities in raw glycerol,
in two of the three plants tested, the G; reached values
above 100%, which indicates the presence of nutrients in
the soil extract (Paradelo et al., 2008).

At the lowest concentration of cosubstrate tested (0.16
mg/kg), the result showed similarity to that seen in the
assay with untreated soil sample, i.e., a moderate to high
phytotoxicity. This result is most likely related to the
cosubstrate concentration employed, which had no
significant effects on the microbiota, and consequently,
on the degradation of PAHs. This suggests that raw
glycerol in this condition could have been used only as a
preferred source of carbon and not as a cosubstrate, in
agreement with the results presented by Duquenne et al.
(1999).

The results presented in this study contribute to the
understanding of raw glycerol application as a cosubstrate
during the biodegradation of PAHs in soil, ensuring an
efficient strategy for the removal of these contaminants as
well as in reducing the toxic effects on the plants studied.
In this context, the reuse of waste in the biodiesel industry
can become economically viable and impart an added
value to raw glycerol. Failure to remove the impurities
originating during the transesterification process, due to
the low volume of cosubstrate required, corroborates that
assertion. In addition, future impacts to the soil due to the
accumulation of potassium from the catalyst may be
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avoided by employing glycerol produced by new
generations of biodiesel production technologies.

CONCLUSION

Under the conditions established by the present study, the
best strategy for the biological removal of PAHs was
obtained by adding 0.32 mg/kg of raw glycerol, which
also contributed to the elimination of phytotoxic effects in
the tested plants. Most importantly, the assignment of
functionality to raw glycerol reflects on the valuation of
the product and contributes positively to discussions on
the reuse of waste from industrial processes.
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ABSTRACT

To see the possibilities of detecting Salmonella typhi antigens on Macrophage surface, mouse peritoneal macrophages
were infected with S. typhi in vitro and the macrophages were examined for morphological changes and expression of S.
typhi surface antigens on the macrophage surfaces, using FITC tagged specific antibodies. The study showed positive
results as fluorescence could be observed on the macrophage surfaces, however, the intensity of fluorescence was low.

Keywords: S. typhi antigen, mouse peritoneal macrophages, phagocytosis, FITC tagged antibodies.

INTRODUCTION

Globally Typhoid fever continues to be a public health
problem. It is an infectious disease and is a major cause of
morbidity and mortality in developing countries. Only
humans are affected and most often the acquisition of S.
typhi  occurs via ingestion of food and water
contaminated with excreta from carriers of bacterium
(Hornick et al., 1970). Salmonella species efficiently
invade the gut mucosa and servive as intracellular
pathogens of macrophages (Finlay and Falkow, 1989). It
is the ability to survive intracellularly that limits the
effectiveness of antibody and neutrophill mediated
damage and that allows the pathogens to disseminate
systemically from mucosal sites. Typhoid fever is
predominately a disease of school age children and young
adults (Balraj et al., 1992)

World Health Organization (2000) estimates the annual
global incidence of typhoid fever at 0.3% corresponding
to about 16 million cases of which approx. 600,000 ends
in death. In some developing countries of Asia and Africa
the annual incidence may reach 1% with fatality rates as
high as 10%. About 70% of fatalities from typhoid fever
occur in Asia. Laboratory diagnosis is made by blood,
bone marrow or stool cultures and with the Widal test
(demonstration of salmonella antibodies against O-
somatic and H-flagellar antigens). The Widal test is time
consuming and most of the times when diagnosis is
reached, it is too late to start an antibiotic regimen.
Isolation of S. typhi is the definitive diagnosis but the
bacterium is rarely isolated.

The present study was designed to see the possibilities of
detecting S. typhi antigens on mouse macrophages by
artificially infecting these with S. typhi. The study showed

*Corresponding author email: deepikasidhu28@yahoo.ca

some promising initial results and the experiments need to
be repeated with human circulating macrophages and then
in macrophages of typhoid patients using some more
sensitive tools to reach to any final conclusion about the
utility of this approach.

MATERIALS AND METHODS

Test bacterial strains

Five strains of Salmonella typhi, all from invasive sites,
received from NSEC (National Salmonella and
Escherichia Centre, Central Research Institute, Kasauli,
India) were used as test strains. The strains were revived
on nutrient agar and identified as S. typhi on the basis of
biochemical and serological characterization using
standard methods.

Preparation of Fluorescent tagged antibodies
Antibodies raised against S. typhi “O” somatic antigen
and “H” flagellar antigen were concentrated using salting
out principle (Wolfson et al., 1948). The concentrated
antibodies were then conjugated with iso-thiocyanate dye
using conjugate buffer (0.5 M carbonate /bicarbonate, pH
9.5) (Johnson, 1963). The unreacted (free) dye was
removed by gel filtration using a sephadex column 20 cm
long and 3cm diameter. The quality of the fluorescent dye
tagged antibodies was checked to ensure that the specific
antibodies are tagged which react specifically with its
inducer antigens. For this antigen smear was prepared on
a glass slide and stained with tagged antibodies and
examined under fluorescent microscope.

Collection of mouse peritoneal macrophages (Ray and
Dittel, 2010)

A group of 10-13 healthy Swiss albino mice were
scarified by deep ether anesthesia. Peritoneal cavity was
exposed by cutting the skin of the abdominal wall as
shown in figure 1. 10 ml of chilled RPMI-1640 was
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Fig. 1. The peritoneal cavity of Swiss albino mouse injected with chilled RPMI.

Fig. 2. The cell 24- well castor containing mouse peritoneal macrophages infected with S. typhi.

injected into the peritoneal cavity of each mouse. The
mice were shaken vigorously to release peritoneal
macrophages. The injected fluid was aspirated and
collected in sterile 50 ml conical tubes.

The harvest was centrifuged at 3,000 rpm for 3 minutes at
4°C and sediment was washed twice with RPMI. The cells
thus collected were counted for validity as evaluated by
trypan blue exclusion and suitably diluted in RPMI 1640
with 10% FCS to give count 1x10° viable cell per ml.

1ml of cell suspension was inoculated in each well of 24
well cell castors with sterile 13mm round cover slip in
each well. The cells were incubated at 37°C for 4 hours in

CO,. After 4 hrs, cell castors were examined under the
inverted microscope for the attachment of cell. The cover
slips were washed with plain RPMI-1640 (without FCS)
to remove non —adherent cells. Adherent macrophages on
cover slips were then used for further experiment.

Infection of macrophages with S. typhi

Live and killed suspension of S. typhi was prepared. The
prepared suspension of live and killed S. typhi were added
in the wells containing adhered macrophages as shown in
figure 2.

Coverslips were removed after an interval of 2, 4, 6 and 8
hours of infection with antigens and examined for
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Fig. 3. Bacteria-macophage interaction after 2 hr of incubation.

Fig. 4. Bacteria-macophage interaction after 4hr of incubation.

phagocytosis and detection of antigens on the macrophage
surface.

Study of phagocytosis by macrophages (Jenkin and
Benacerraf, 1960)

The cover slips were washed three times with PBS, then
fixed with acetone for 30 seconds and were stained with
methylene blue. Again washing with PBS was given.
Coverslips were examined under inverted microscope.

Staining of activated macrophages with FITC labeled
antibodies

The cover slips from the cell caster were removed after
2h, 4h, 6h, & 8h of infection and were washed 3-4 times
in PBS. To check the expression of S. typhi O- antigen on
the surface of the macrophages, the slides were stained

with FITC-labeled antibodies specific to the O-antigen
and observed under fluorescent microscope (10X).

RESULTS AND DISCUSSION

Bacteria —Macrophages interaction - phagocytosis

From the results it was observed that the macrophages
interacted with bacteria, 2 hours after infection showing
attachment and intracellular bacteria with increase in size
as in figure 3. After 4 hours incubation majority of cells
showed attachment as well as intracellular bacteria with
enlargement in size and reversal of cytoplasm to nucleus
ratio as shown in figure 4.
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Fig. 5. Bacteria-macophage interaction after 6 hr of incubation.
Fig. 6. Bacteria-macophage interaction after 8 hr of incubation.
After 6 hours of incubation, the activation of intensity of the fluorescence was low. The results of the

macrophages continued and showed a further increase in
size of a cell. Granules appeared in cytoplasm and
vacoulation started. At this stage bacteria were clearly
visible intra-cellularly figure 5. After 8 hour few of cell
ruptured while majority of cells were intact. The cells
were still sticking to coverslip and enlargement was
significantin as shown in figure 6.

Detection of S. typhi antigens on macrophages by
staining of infected macrophages with FITC labeled
antibodies.

When viewed under fluorescent microscope the infected
macrophages showed flouresence on their surfaces
indicating presence of S. typhi antigens. However, the

staining of the macrophages with fluorescent labeled
antibodies have been presented in the figure 7.

Salmonellosis is recognized to be a global problem.
Human salmonellosis accounts for 60-70% of all reported
cases of food borne diseases (WHO, 1988). Laboratory
diagnosis of the infection is made by detection of
antibodies against S. typhi somatic O- antigen and
flagellar H-antigen in the serum of the infected individual
using Widal test. Early diagnosis of the disease is very
important since it results in early containment of the
infection and hence rapid management and treatment of
the cases.
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Fig. 7. Macrophages showing fluorescence under fluorescent Microscope.

As macrophages and other antigen presenting cells do
carry antigenic moieties of the infecting organisms to
release antibodies by the antibody producing cells hence
in this study an attempt was made to see the possibility of
detecting O antigens of S. typhi on mouse peritoneal
macrophages and getting initial, positive results to
continue the experiments with human circulating (blood)
macrophages and to see the feasibility of this approach as
a tool for early detection of typhoid cases. In this study,
we studied the interaction between the S. typhi and the
mouse peritoneal macrophages in-vitro. It was observed
that after infection with S. typhi, the macrophages showed
clear signs of activation like increase in size, vacoulation
in the cytoplasm, irregular margins. These change were
evident after 2h of infection and progressed in the same
manner as is evident from the observation made after 4,6
to 8 hrs that the granulation occurred in the cytoplasm, the
cell size increased considerably, the bacterial uptake by
the macrophages was found to increase significantly and a
few cells got ruptured while the majority of the cells were
still intact. The next objective of the study was to detect
the presence of the expressed O-antigens on the surface of
the macrophages. For that we produced antisera against
the O-antigen in rabbits. The antibodies so obtained were
then labeled with FITC to stain the macrophage cells for
demonstration of the surface O-antigen. To check the
efficacy of the labeled antibodies we first stained the pure
suspension of S. typhi and observed under the fluorescent
microscope. The efficacy of the preparation was verified
as the bacterial cells were showing fluorescence under the
fluorescent microscope. FITC-labeled antibody treatment
of macrophages showed fluorescence under the
fluorescent microscope. The intensity of fluorescence was
very small which can be due to the low quantity of
expressed O-antigens on the macrophages or low
sensitivity of the method used. Though fluorescent

labeled antibodies treatment of the infected macrophages
showed low flourscent intensity but the methylene blue
stained smears revealed clear evidence of macrophage
activation after infection with the S. typhi

strains. Hence some more refined/sensitive techniques
(like electron microscopy) may give better results to show
the presence of antigenic moieties on the macrophage
surface. Thus this approach has more scope for further
studies.
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ABSTRACT

Present study deals to find out the effects of two herbal weight reducing drugs Phytolacca Americana (PA) and
Phytolacca Berry (PB) on plasma electrolytes in common rabbits followed by the induction of hypercholesterolemia. In
PA garlic, bladder wrack and grapefruit are the additional ingredients to poke weed while PB has poke weed only. Test
animals of two groups were orally administrated PA and PB in doses of 33.3 mg/day and 1.15 mg/day respectively, for
37 days. Blood samples drawn on day 0, 3, 9, 14, 21, 27 and 37 were used to measure plasma Sodium (Na"), Potassium
(K™) and Calcium (Ca*™). Both herbal drugs maintained plasma Na* to normal levels while plasma K* concentration that
remained low returned to normal after four weeks of treatment, significantly (p<0.05) depending on the duration of drug
administrated. However, PA effectively returned the very high Ca™ concentration to normal level within one week of
treatment whereas PB achieved the same normal level after three weeks of treatment. Thus it may be concluded that both
weight reducing herbal drugs although maintained the plasma Na*, K* and Ca™ concentrations to normal levels when
administrated for more than five weeks, showed pronounced alterations in plasma concentrations of K* and Ca*™ during
early period of treatment. This effect might be attributed to the interference of drugs with Na*-K* ATPase activity or

blocking the Ca™ channels at the cellular level.

Keywords: Weight loss drugs, electrolytes, phytolacca americana, phytolacca berry, grapefruit.

INTRODUCTION

A large number of chronic and life—threatening diseases
and conditions are associated with overweight and obesity
(Shaw et al, 2007; Logue et al, 2011). High
concentrations of cholesterol were significantly linked
with overweight and obesity. (Mokdad et al., 2003).
Dashti et al. (2006) found an association between
ketogenic diet, obesity and high cholesterol. Other studies
proved that obesity and adiposity were significantly
linked with high serum cholesterol and other lipids. (Neri
et al., 2007; Sertic et al., 2009; Sacheck et al., 2010).

Now a days herbal drugs and dietary supplements are
available for the treatment of obesity and its related
disorders (Shekelle et al., 2003; Pittler and Ernst, 2004;
Feng et al., 2010; Bu et al., 2011). Weight reduction has
been found in people using herbal drugs (Boozer et al.,
2001, 2002; Feng et al., 2010; Bu et al., 2011). Poke
weed is among the variety of herbs found efficacious in
obesity (Willis et al., 2008; Ravikiran et al., 2011; Hasan
etal., 2012).

There is an interlink between intake of sodium with high
caloric diet intake (Lin et al., 1999) and various studies
showed the involvement of sodium in obesity (Flodmark

*Corresponding author email: rugaivab5@amail.com

et al., 1992; Suzuki et al., 1996; Riazi et al., 2006).
Mariosa et al. (2008) investigated the reduction of
potassium in abdominal obesity. Also during the exercise
testing in obese people the important role of potassium is
explained by Salvadori et al. (2003). Although,
experimentally calcium deficiency could not induce
obesity (Paradis and Cabanac, 2005), however, clinical
data showed the involvement of calcium in obesity. It has
been found that calcium and parathormone are associated
with obesity (Hultin et al., 2010).

In the present investigation two herbal weight reducing
drugs Phytolacca Americana (PA) with a combination of
herbal ingredients including Poke weed, Bladder wrack,
Garlic and Grape fruit and Phytolacca Berry (PB) with
single ingredient of Poke weed are administered to
hypercholesterolemic rabbits to evaluate the changes in
plasma electrolytes concentrations, the underlying
mechanism of action of ingredients as well as their side
effects (Hasan et al., 2011).

MATERIALS AND METHODS

Fifteen common rabbits (Oryctolagus cuniculus) 18 to 24
months old, ranging from 1,160 to 1,470g in weight were
purchased fromlocal marketst, and were kept in well
ventilated barred cages ( Lab standards). They were fed
on normal diet including carrots, cabbage and alfalfa.
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INDUCTION OF HYPERCHOLESTEROLEMIA

A modified diet containing 5g butter fat / 500g of diet was
given daily for 15 days to induce hypercholesterolemia in
all rabbits (Moghadasian et al., 1999). Blood samples
were drawn on day 0 and 15.

Five rabbits were kept as controls while remaining ten
were equally divided into two groups as test 1 and test 2.

DRUGS

The two experimental weight reducing herbal drugs PA
and PB available in tablet form were obtained from the
local chemist shop. Drugs were administered with a daily
oral dose of 33.3 mg and 1.15 mg of PA and PB to test 1
and test 2 animals respectively for 37 days.

BLOOD SAMPLING

Sampling was done on day 0, 3, 9, 14, 21,27 and 37 by
drawing the blood from the marginal vein of the ear with
the help of 3cc disposable syringes (Moreland, 1965).
Heparinized blood samples were centrifuged at 3500 rpm
for 5 minutes and collected supernatants as plasma were
stored at 4°C to be used for analysis.

BIOCHEMICAL AND STATISTICAL ANALYSIS
Commercial biochemical kits (QCA, Spain) were used to
measure plasma electrolytes Na* , K* and Ca™ . The
absorbances of samples were read on Spectrophotometer
(Model No. NV201, China). Statistical analyses of
collecting data were performed by t-test and two - way
ANOVA.

RESULTS

A consideration of table 1 indicates that, administration of
modified diet to control and test rabbits for 15 days,
significantly ~ (p<0.05)increased the mean plasma
concentrations of Na* and Ca™ and decreased the mean
plasma K" concentration.

CONTROL

After 15 days, in control rabbits the exclusion of butter fat
from the diet resulted in a reduction of mean plasma
concentrations of Na" and Ca™ , while K* increased to
the normal concentration (Figs. 1,2,3).

Table 1. Effect of butter fat (5g/kg diet) on mean plasma electrolytes concentration (mmol/l) of rabbits

Oryctolagus cuniculus.

Davs Sodium Potassium Calcium
Y C T1 T2 C T1 T2 C T1 T2
0 169.44 + | 155,15+ | 16341+ | 5.16+ 5.65+ 5.26 £ 0.85=+ 167+ 138+
8.58 10.355 31.99 0.56 0.63 0.20 0.44 0.71 0.47
15 181.85+ | 190.05+ | 208.21+ | 4.13+ 465+ 4.26 + 255+ 3.07 3.38+
8.10 45.43 33.46 1.09 0.63 0.20 0.68 0.34 0.43
Each figure is the Mean + SD of five values. C = Control. T1 = PA (33.3 mg/day). T2 = PB (1.15 mg/day)
350 -
—~ 300 A
o 250 - ——C
€ 200 1 —=T1
£ 150 1 —+—T2
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0 3 9 14 21 27 37
Days

Fig. 1. Comparison of mean plasma sodium concentrations in control and test rabbits Oryctolagus cuniculus following

the administration of weight reducing drugs.
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Fig. 2. Comparison of mean plasma potassium concentrations in control and test rabbits Oryctolagus cuniculus

following the administration of weight reducing drugs.
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Fig. 3. Comparison of mean plasma calcium concentrations in control and test rabbits Oryctolagus cuniculus

following the administration of weight reducing drugs.

Na*

On day 0, test 1 rabbits with high mean plasma Na*
concentration of 190.05 +£6.14 mmol/l, when administered
with a dose of 33.3 mg/day of PA for 37 days showed a
further rise in Na* concentration on day 3, followed by a
significant (P<0.05) reduction up to the end of treatment.
On day 37, the Na* concentration reached ton 154.54
+13.34 mmol/l i.e. almost normal level (Fig. 1).

Test 2 rabbits with initial mean plasma Na* concentration
of 208.21 + 33.45 mmol/l, when administered with a dose
of 1.15 mg/day of PB for 37 days showed a reduction in
Na" concentration on day 3, followed by a constant, non-
significant reduction till the end of the experiment (Fig.
1).

K+

Test 1 rabbits treated with PA have a low plasma K*
concentration with a mean value of 2.57 £ 0.83 mmol/l on
day 3 which gradually raised and maintained up to the day
27, however a significant rise (P< 0.05) near to normal
from day 9 was observed as administration of the drug
continued till day 37 (Fig. 2).

The similar patterns of rise and fall in mean plasma K*
levels were obtained in test 2 animals on day 3 and day 9
respectively treated with PB. Afterwards further
significant (P< 0.05) reduction in mean K* concentration
reaching to the normal values was observed (Fig. 2).
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Ca++

Fig. 3 shows the treatment of test 1 rabbits with PA
resulted in a rapid rise of mean plasma Ca™ level on day
3, i.e. 25.66 = 12.48 mmol/l that immediately declined to
low levels of 1.85 £ 0.76 mmol/l on day 9 followed by a
gradual rise up to day 27. Further non-significant decrease
in the mean Ca++ level was evident on day 37.

Similar patterns of alterations in the mean plasma Ca++
concentration were observed following the administration
of PB to test 2 rabbits on day 3 and day 9. However, a rise
and fall in the mean Ca++ levels were observed on day 14
and day 21 respectively, maintained to normal levels
onwards (Fig. 3).

DISCUSSION

Herbs and herbal preparations are effective in the
treatment of diseases such as cancer, diabetes mellitus,
obesity and cardiovascular diseases (York et al., 2007). In
the present study an attempt is made to find out the effects
of two weight reducing herbal drugs PA and PB on mean
plasma Na’, K" and Ca™ concentrations. Before the
administration of drugs, hypernatremia, hypokalemia and
hypercalcemia are induced in the experimental rabbits fed
on a high butter fat diet. However, reversal to normal
electrolyte concentrations is achieved when butter is
excluded from the diet. PA, which is, a combination of
different herbal constituents, administered to test 1 rabbits
for five weeks returns the Na* to normal concentration. In
contrast, PB having only poke weed maintains the normal
Na* concentration within one week of treatment. Both the
herbal drugs when administrated for longer period
significantly raise the mean plasma K to normal
concentration. While the administration of these drugs for
less than one week greatly elevate the mean plasma Ca*™
level, followed by a reduction in the later period of the
experiment however, normal concentration is not
achieved.

Above observations show that the herbal weight reducing
drugs without having any effects on Na™ concentration,
profoundly change the Ca™ concentration and K*
concentration to a lesser extent. The laxative effect of
bladder wrack and ultimate diarrhea is due to the presence
of alginic acid in it which interferes with the absorption of
Na* and K* (Newall et al., 1996).

Several studies show that bladder wrack contains vitamins
and minerals like Ca™, Mg*™, K*, Na*, thus increasing
their blood levels (Clark et al., 2003). Normal mean Na*
concentration and a significant high K™ concentration may
be attributed to the fact that herbal drugs interfere with
enzyme ATPase, essential to transport these electrolytes
across the membrane (Akpanabiatu et al., 2005).

Two constituents of grapefruit i.e. flavonoid and
naringenin have an inhibitory effect on ATPase activity
(Middleton and Kandaswami, 1992; Conseil et al., 1998)
and voltage — operated Ca™ channels (Summanen et al.,
2001). Further the concentration dependent vasorelaxant
effect of naringenin ( Saponara et al., 2006), greatly
reduced at high concentration of K™ (Ajay et al., 2003)
was in agreement with present results. However,
grapefruit with low Na® and Ca™ concentrations is
considered a good source of K" (Ensminger, 1994).
Another important component of PA is garlic which may
be a good factor to maintain electrolyte balance by
increasing serum Na" and K* levels (Oluwole, 2001). It
has an inhibitory effect on Ca™ channels, opens the K-
Ca™" channels and close L - type Ca™ channels promoting
vasodilation (Siegel et al., 1992; Eskardary et al., 2001).

Finally it is concluded that experimental animals show a
significant alteration in mean plasma K* and Ca™
concentrations in the initial period of treatment with PA
and PB, that gradually return to near normal
concentrations at the later part of the experiment.
However, mean plasma Na® is maintained to a normal
concentration during the treatment. Thus the persons who
are obese, especially with other obesity associated
complications should use the herbal weight reducing
drugs with caution as data on human studies are lacking.
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ABSTRACT

In assessing the relationship between plasma glucose, insulin and glycated haemoglobin, data for these parameters were
obtained after induction of Wistar albino rats with 70mg/kg body weight of streptozotocin which resulted in Type 1
model diabetes. Treatment of the rats with 10% concentration of extract of Tapinanthus bengwensis and Oscimum
gratissimum was carried out for two weeks and the parameters were evaluated and compared. Rats treated with T.
benwgensis had significant effect of reducing both plasma glucose and glycated haemoglobin (HbA1C) and increasing
insulin (P<0.05) suggesting a higher hypoglycemic propensity.

Keywords: Glucose, glycated haemoglobin, insulin, streptozotocin, T. bengwensis, O. gratissimum

INTRODUCTION

The relative abundance of medicinal herbs in our
environment and the realization that they possess active
ingredients with therapeutic values has made the need for
their study imperative. The World Health Organization
(WHO) in 1980 released this and harped on the need to
carry out scientific scrutiny of most of these herbs to
elucidate their chemical constituents and pharmacological
potentials by ascertaining efficiency and efficacy of the
flora as a potential remedy.

Diabetes is a heterogeneous metabolic disorder
characterized by chronic hyperglycemia largely due to the
dynamic interactions between varying defects of insulin
secretion and action. It is known that hyperglycemia itself
has adverse effect on tissue insulin sensitivity and insulin
secretion that make it difficult to differentiate between
primary and secondary abnormalities. As identified by
Ordia and Wokoma (1992) the burden of this non-
communicable disease on global morbidity and mortality
has gained tremendous recognition. Diabetes mellitus is
now known to be a major cause of stroke, kidney failure,
blindness, loss of libido etc. Arising from this knowledge,
the need for the survival of diabetic patients through
assessment of medication, monitoring and education has
become imperative. Diabetic patients with raised plasma
glucose levels have proportionally more glycation
occurring both intracellularly and extracellularly. The
works of Brucalla et al. (1992), Standing and Tailor
(1992), Philips and Floege (1999) have elucidated the

*Corresponding author email: docgeogborie@yahoo.com

need to treat these complications as an integral part of the
clinical stratification of diabetic patients. Several
prospective studies have been carried out which showed
that intensive blood glucose control is possible and could
effectively control microvascular complications among
diabetics. Wincor (2003), has elucidated a growing body
of evidence to conclude that tight blood glucose control is
possible. As shown by Buciarelli et al. (2002), Naka et al.
(2004), Melpomeni et al. (2003) and Vlassara (2005),
there is growing evidence to support that inhibition of
advanced glycated end products (AGEs) formation or
blockade of their downstream signaling pathway may be a
promising strategy for treatment of patients with diabetic
vascular complications.

Trials arongoingng on substances that may be able to
prevent these processes and possibly even reverse them
and the prospects are promising. Some authors have
earlier reported the antidiabetic and hypoglycemic
properties of African mistletoe. Obatomi et al. (1994) and
Didem (2005) have both reported on the efficacy of
mistletoe in management of diabetes. Swanson Flatt et al.
(1989) reported a reduction in some clinical parameters
associated with diabetes. As reported by Agnaniet et al.
(2005) and Mohammed et al. (2007), Oscimum
gratissimum has a dose and time dependent effect in
hyperglycemic levels of streptozotocin induced diabetic
rats. This study examined the response of glucose, insulin
and glycated hemoglobin which are recognized as
characteristic markers in diabetes mellitus following
induction with streptozotocin and treatment with the
herbs.
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MATERIALS AND METHODS

Induction of diabetes mellitus was achieved through the
intraperitoneal injection of 70mg/kg body weight of
streptozotocin dissolved in 1M citrate buffer, p' 4.5 twice
daily for 2 days. A total of 102 rats were used, selected
among those that have exceeded glucose threshold
(10.0mmol/L) 2 weeks after streptozotocin induction.
Samples for fasting plasma glucose, glycated hemoglobin
and insulin were collected at the tail vein. Glucose was
determined by glucose oxidase method, glycated
hemoglobin was determined by high performance liquid
chromatography (HPLC-Esi/ms) with UV detection.
Insulin was determined by radioimmunoassay. Data was
analyzed by two way analysis of variance using SPSS
version 6.5

RESULTS

The mean fasting plasma glucose concentration, insulin
and HbA1C did not show appreciable change in the
control subjects. There were however marked variation in
the values of these parameters among the groups
following treatment with the extracts. See tables 1,2 and 3
for glucose, HbAlc and insulin respectively.

Metabolic characteristics in control, diabetic rats, diabetic
test rats and rats on Daonil following treatment with T.
bengwensis and O. gratissimum are shown.

Table 1. Metabolic characteristics of glucose in control, diabetic rats, diabetic test rates and rats on Daonil following

treatment with T. bengwensis and O. gratissimum.

Day Controls Diabetic 10% 10% DTR on DTR on 10% T.
control rats T. beng O. grat Daonil beng & O. grat
0 4.6+0.03° 10.3+0.03" 18.3+0.06¢ 16.5+0.05" | 18.3+0.06' 18.3+0.41¢
2 4.7+0.03) 10.74+0.03" 16.3+0.03! 10.040.03" | 16.140.11' 17.040.32™
4 4.4+0.03" 11.4+0.00¢ 14.2+0.05° 15.3+0.03' | 14.2+0.11" 15.6+0.33"
6 4.5+0.03" 13.3+0.08* 12.1+0.04" 15.0+0.03% | 12.0+0.158 14.0+0.51"
8 4.7+0.08' 15.540.05 8.8+0.11% 15.040.03" | 10.0+0.22™ 10.740.41™
10 5.3+0.07" 16.4+0.11' 8.0+0.08™ 14.8+0.08" | 9.3+0.41" 8.2+0.25°
12 4.6+0.08" 18.2+0.08" 8.5+0.28" 14.4+0.03% | 7.0+0.27* 8.2+0.25"
14 4.6+0.12 22.2+0.08™ 6.3+0.00" 14.040.00° | 5.2+0.11° 4.4+0.149
16 4.7+0.08" 24.3+0.93° 5.6+0.03" 13.3+0.03° | 4.4+0.27" 3.740.15"

Values are mean + SEM of triplicate determinations. Values on the same row having the same superscript are not significantly

different from each other.

Table 2. Metabolic characteristics of glycated haemoglobin in control, diabetic rats, diabetic test rats and rats on Daonil

following treatment with T. bengwensis and O. gratissimum.

iabeti 10° DTR on DTR on 10% T.
Day Controls 0(1)211; to)ftrl:ts T (b)e/r(;g 10% O.grat Daon?l beng (;L 09 g;‘at
0 4.3+0.03* 11.6+0.03° 12.5+0.84° 12.540.84° | 11.8+0.71° 13.340.51¢
2 4.4+0.06° 11.0+0.75° 12.4+0.02¢ 12.4+0.02° | 11.5+0.82° 12.0+0.31°
4 4.5+0.05" 12.2+0.10¢ 11.6+0.04 11.6+0.04" | 11.0+0.77° 11.0+0.8"
6 4.3+0.03" 14.340.05' 11.540.04 11.540.04' | 10.1+0.82% 9.3+0.21'
8 4.4+0.04™ 15.6+0.03" 11.0+0.03° 11.0+0.03° | 10.1+0.82° 8.0+0.41¢
10 4.6+0.03" 15.940.35° 10.5+0.05" 10.5+0.05' | 6.3+0.84" 6.2+0.11"
12 4.4+0.04" 16.3+0.03" 9.4+0.06* 9.4+0.06* 5.0+0.88Y 5.140.23Y
14 4.4+0.03” 17.4+0.02" 9.0+0.04 9.0+0.04™ 4.2+0.86" 4.6+0.22"
16 4.4+0.57% 18.3+0.04" 8.9+0.03° 8.9+0.03° 3.240.42" 3.0+0.23"

Values are mean + SEM of triplicate determinations. Values on the same row having the same superscript are not significantly

different from each other.
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Table 3. Metabolic characteristics of insulin in control, diabetic rats, diabetic test rats and rats on Daonil following

treatment with T. bengwensis and O. gratissimum.

Day Controls Diabetic 10% 10% DTR on DTR on 10% T.

control rats T. beng O. grat Daonil beng & O. grat
0 5.340.43" 5.840.22° 0.4+0.18° 0.63+0.13° 0.5+0.17° 0.5+0.12°
2 5.44+0.22¢ 4.2+0.11¢ 0.6+0.11° 0.6+0.15° 0.8+0.18° 0.5+0.13"
4 4.8+0.42¢ 4.0+0.12" 0.6+0.11" 0.7+0.16' 0.9+0.21' 0.7+0.12'
6 4.2+0.42¢ 3.0+0.13' 1.340.13™ 0.8+0.27" 1.240.23° 1.340.13°
8 4.8+0.58° 2.6+0.11° 1.5+0.18" 0.9+0.12° 1.6+0.22" 1.7+0.12"
10 4.8+0.22" 1.440.12" 2.0+0.22" 1.140.11* 2.340.24° 1.940.34
12 4.5+0.22" 1.0+0.11™ 2.3+0.11¢ 1.0+0.12° 3.240.16" 2.4+0.11"
14 4.8+0.27¢ 0.5+0.26" 3.0+0.12' 1.2+0.15 3.5+0.16" 2.6+0.14'
16 4.7+0.22¢ 0.240.17° 3.3+0.25 1.340.162 3.840.13" 3.6+0.16'

Values are mean + SEM of triplicate determinations. Values on the same row having the same superscript are not significantly

different from each other.
DTR;Diabetic Test Rat

DISCUSSION

The three parameters, glucose, glycated haemoglobin
(HbAlc) and insulin play fundamental roles in the
pathogenesis of diabetes depending on their levels in
circulation. Glucose toxicity which could be direct or
indirect may be as a result of direct interaction with
proteins and membranes or indirect as a result of the
production of reactive sugars acting on membranes and
enhancing diabetic complications. Increased glucose
concentration as evidenced in hyperglycemia is known to
be a major predisposing factor in production of reactive
glucose by-products in particular a-deoxyglycosone and
glyoxal which are more than 10,000x more chemically
reactive than glucose(Beisswenger and Thormally, 2003).
While they could inhibit cell growth, they are also known
to produce precursors for activated glycated end product
formation as shown earlier by Brownlee (2001). It is now
known that animals have mechanisms to control the
damage caused by unavoidable non-enzymatic glycation.
These protective mechanisms are determined by
genetically encoded enzymes which determines the level
of glycated agents (Fioretto and Mauer, 1996). In
diabetes, these mechanism are important due to increased
glycemic  stress.  Furthermore, these protective
mechanisms are impaired by metabolic perturbation
produced by the diabetic state. HbAlc provides an
accurate and reliable method to assess the glycemic
control in patients with diabetes. Measurement of
glycated hemoglobin in patients with diabetes is accepted
as a standard for assessment of recent glycemic control
and is a critical element in clinical practice (Lester, 1989).
Hyperglycemia is known to have an adverse effect on
tissue insulin sensitivity and insulin secretion that makes
it difficult to differentiate between primary and secondary

abnormalities. In assessing the relationship between
glucose, HbAlc and insulin, we observed a positive
correlation in reduction of both glucose and HbAlc in
animals treated with the extract. There was however a
slight elevation of insulin after treatment. The results
suggest a greater amount of insulin production in rats
treated with 10% T. bengwensis accounting for the
reduced glucose and HbAlc in comparison with the
normal and diabetic test rats. It thus authenticates the fact
that the insulin effect in accelerating peripheral glucose
disposal was supported by additional mechanism. The
insulin: glucose ratio is occasionally used as an index of
insulin sensitivity. This ratio was similar in the groups
suggesting an adequate insulin response to the treatment.

Phytochemical analysis of mistletoe as earlier reported by
Obatomi (1994) and Allessi (2003) have attributed the
hypoglycemic properties to the presence of some
constituents notably cholins, lectins, tannins and saponins.
A combination of the antinutrient behaviour and activity
of secondary plant metabolites must have potentiated
these actions. The effects of flavoniods, quercetin and
ferrulic acid on pancreatic B-cells which leads to their
proliferation and secretion of more insulin have earlier
been reported by Kako et al. (1997), Okamoto (1970),
Mesh and Menon (2004) and Sri-Balasubashini et al.
(2004) suggesting B-cells recovery as the mechanism by
which hyperglycemia caused by streptozotocin reduces
glucose. As shown by Gray et al. (1997, 1998), aqueous
extract of mistletoe enhanced insulin secretion and
mimicked the effect of insulin on glucose metabolism.
This dual pancreatic and extrapancreatic action would
prove to be an important advance on existing therapies
used to manage diabetes mellitus.
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ABSTRACT

This review has a purpose to acquaint the experimental and theoretical research society with the recent theoretical
achievements in the research field of the shear-horizontal surface acoustic wave (SH-SAW) propagation in the two-phase
materials. It is well-known that to know the SH-SAW characteristics can be very important for the sensor applications.
Since 2007, several contributors have achieved some progress in the theory when it was theoretically demonstrated that
several new SH-SAWSs can propagate in novel two-phase materials called the piezoelectromagnetics (PEMs) or the
magneto-electro-elastic materials. For the last half-decade, a lot of new SH-SAWs were discovered and it was also found
that they can propagate in the cubic PEMs and the transversely isotropic piezoelectromagnetic materials of class 6 mm.
For the same set of the boundary conditions, it is already known that only one SH-SAW can propagate in the cubic
PEMs and at least two SH-SAWSs can propagate in the hexagonal PEMs of class 6 mm. They can have potential
applications in the SH-SAW sensors such as biosensors, physical and chemical sensors. It was also discussed that some

theoretical results cannot be true.

PACS: 51.40.+p, 62.65.+k, 68.35.Gy, 68.35.1v, 68.60.Bs, 74.25.Ld, 74.25.Ha, 75.20.En, 75.80.+q, 81.70.Cv
Keywords: hexagonal (6 mm) and cubic piezoelectromagnetics, magnetoelectric effect, new SH-SAWs and

electromagnetic wave.
INTRODUCTION

The propagation characteristics of various acoustic waves
or electromagnetic waves in new composite materials or
structures have received an increasing interest in the
scientific society due to their importance in the
development and design of novel technical devices based
on different acoustic waves and optical phenomena. Up to
now, much review work (Bichurin et al., 2011,
Srinivasan, 2010; Ozgﬁr et al., 2009; Zhai et al., 2008;
Eerenstein et al., 2006; Fiebig, 2005; Fang et al., 2008;
Sihvola, 2007; Hill and Spaldin, 2000; Prellier et al.,
2005; Spaldin and Fiebig, 2005; Khomskii, 2006;
Smolenskii and Chupis, 1982; Cheong and Mostovoy,
2007; Ramesh and Spaldin, 2007; Kimura, 2007; Kimura
et al.,2003; Wang et al., 2009; Ramesh, 2009; Delaney et
al., 2009; Gopinath et al., 2012; Fert, 2008a,b; Chappert
and Kim, 2008; Bibes and Barthélémy, 2008; Bichurin et
al., 2006; Fetisov et al., 2006; Srinivasan and Fetisov,
2006; Priya et al., 2007; Grossinger et al., 2008; Ahn et
al., 2009; Petrov et al., 2003; Harshe et al., 1993; Chu et
al., 2007; Nan et al., 2008; Schmid, 1994; R