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compound from Cajanus cajan (Linn.)
leaves

. . .2
Subhasish Das', Sandip Mukherjee?,
Rakesh Kundu®, Pradip Bhattacharyya®,

4
Buddhadeb Duary” and

1

Satya Sundar Bhattacharya"*
"Department of Environmental Science, Tezpur University,
Tezpur 784 028, India
*Department of Zoology, Visva Bharati, Santiniketan 731 235, India

*Indian Statistical Institute, North East Centre, Tezpur 784 028, India
“Palli Siksha Bhavana, Visva Bharati, Sriniketan 731 236, India

Agro-climatic factors largely regulate expression of
phenolic compounds in plants. Carlinoside, a flavone
glycoside, is known to eliminate bilirubin accumula-
tion in rat liver. We cultivated Cajanus cajan uni-
formly in two different soil types — alluvial (AL) and
laterite (LA). The climatic attributes and soil physico-
chemical properties of the two localities were signifi-
cantly different from each other. Carlinoside, phenol
and flavonoid concentrations were higher in plants
grown in AL than in LA soils. We recorded higher
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UGT1AL1 expression in liver hepatoma cell line HepG2
and rats treated with plant extracts from AL com-
pared to LA.

Keywords: Cajanus cajan, carlinoside, plant phenol-
lics, soil and climate.

CA4J4ANUS c4J4AN L. (Leguminosae) is an important legume
crop extensively grown in India'. The crop contributes
significantly to the total pulse production of the country.
However, apart from its high nutritive value, C. cajan
leaf extract significantly heals alcohol-induced liver dys-
function in rats>. The leaf extract contains a flavone
glycoside, carlinoside that can convert insoluble bilirubin
to soluble fram®. The major problem in jaundice is the
accumulation of free insoluble bilirubin, which is poten-
tially toxic and may even cause death of the patient. In
general, bilirubin—-UGT enzyme (UGT1A1l) converts
insoluble bilirubin to a soluble innocuous form, which is
eliminated through urine and faeces. Suppression of
UGT1A1 enzyme by certain pathogens leads to the condi-
tion of jaundice, and no drug is available that can restore
UGTI1AL activity””.

The phenolic or polyphenol compounds account for
approximately 40% of organic carbon circulating in the
biosphere. Plants need these compounds for growth,
reproduction, pigmentation and disease resistance. Several
thousand phenols and polyphenols have been identified
having a broad range of monomeric, dimeric and poly-
meric structures, amongst which 8150 or more are fla-
vonoids and found in the epidermis of leaves and fruit
skin of various plants®.

Climatic factors like solar radiation, temperature and
humidity influence the concentration and quality of
secondary metabolites in plants. Nutrient balance and
solubility in soil is thought to play a major role in the
production of secondary compounds in plants’. Various
workers have documented considerable influence of envi-
ronmental factors on the expression and concentration of
bioactive compounds in plants®. Since plants cannot
avoid environmental influence, nor can they migrate to
regions with favourable habitat, they evolve highly com-
plex mechanisms of adaptation. It has been demonstrated
that expression of secondary metabolites is often altered
due to these adaptive mechanisms’.

Carlinoside from the leaf extract of C. cajan is highly
bioavailable and therefore has a potential in the treatment
of jaundice’. However, expression and yield of car-
linoside are expected to vary in different areas depending
on specific agro-climatic conditions. This is the basic rea-
son for non-uniform success of herbal medicine prepared
from plants grown at different localities under varied
environmental conditions. Since carlinoside concentration
in the leaf is related to the site of growth of C. cajan, we
conducted a study on the expression of total phenol, total
flavonoids and carlinoside in C. cajan leaves collected
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from two diverse soil groups from two distinct agrocli-
matic regions of India.

The experiment was conducted at two sites: site
1 — Birbhum district, West Bengal, with lateritic soil (LA;
Typic Haplustal) and site 2 — Sonitpur district, Assam,
with alluvial soil (AL; Typic Endoaquepts).

LA occurs in the red laterite belt of the Gangetic plains
in West Bengal (23°91'N and 87°53'E). The region re-
ceives an annual rainfall of 1196.1-1572.9 mm. The
summers are marked by high (35-42°C) temperatures and
the winters by low (10-12°C) temperatures.

AL soils are in the north bank plain zone of Assam
(26°14'N and 92°50'E). This region experiences a sub-
tropical climate and heavy rainfall (1355-2348 mm). The
average temperature in the summer ranges between 18°C
and 36°C, and in the winter between 7°C and 22°C. The
dominant soil type is the new alluvium with a sandy loam
texture.

C. cajan variety UPAS 120 was grown uniformly during
monsoon of 2012-2014 according to the recommended
package of practice for eastern India. In both the agrocli-
matic regions, treated seeds were sown during the last
week of June for both seasons and the crop was mostly
grown rainfed. However, light irrigation was applied once
between flowering and pod filling stage. We uniformly
adopted minimal plant nutrition schedules in both the
agroclimatic regions by applying organic manure @ 5 tonne
ha™'. Weed management and other plant protection meas-
ures were undertaken on a need-based manner.

We collected leaf samples on 45th, 90th and 135th
days after sowing (DAS) of the crop. Soil samples were
also collected while collecting the plant materials. Plant
(leaf) and soil (subsurface soil) samples were randomly
collected from both the sites. The collected leaf and soil
samples were air-dried, powdered and sieved (mesh = 0.5
and 2 mm) prior to analysis.

Physico-chemical and microbial analyses of soil sam-
ples were done following the authentic protocols®. We
analysed DTPA extractable Fe, Cu, Mn, Zn, Ni and Cd by
following the method of Lindsay and Norvell®.

Climate data were acquired from the weather stations
of the respective locations. The principal parameters
selected for this study are: temperature (7), precipitation
(P), relative humidity (H) and insolation (/). All the val-
ues were averaged monthly and the mean values were
used for statistical analysis.

For preparation of the extract, 5 g air-dried leaves and
5 g powdered seeds were pulverized separately in 20 ml
of chilled methanol using mortar and pestle. The resultant
suspension was kept standing for 6 h in sealed plastic
containers in a cool, dark place and then filtered through
0.22 um membrane filters (RanDisk™, Rankem, India)
for further biochemical analysis.

Leaf samples collected 90 DAS were utilized for enu-
merating the total phenol and total flavonoid contents.
Total phenolic content was determined spectrophotometri-
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cally by applying Folin Ciocalteu reagent assay at 760 nm
and expressed as gallic acid equivalent (GAE) kg ' leaf
(ref. 10). Standard AICIl; method was used to measure the
total flavonoid content in the leaf samples. Colorimetric
determination was made at 415 nm and finally expressed
as mg quercetin equivalent (QE) kg leaf (ref. 11).

We focussed on growth stage-wise variation of car-
linoside content in C. cajan leaves grown in the two soil
types. Leaves collected at 45, 90 and 135 DAS from AL
or LA soil were separately subjected to alcohol extrac-
tion. Finally, carlinoside was separated and quantified
using high performance liquid chromatography (HPLC;
Waters Corp, USA), fitted with Symmetry™ C;g column
utilizing 55:45 (methanol : water) mobile phase at
254 nm’. The carlinoside concentration in seeds was
determined by running the methanolic seed extracts under
similar chromatographic conditions. The alcohol was then
removed from extracted solutions of leaf by rotary evapo-
rator, and dried leaf extract with enriched carlinoside
from each group was weighed and dissolved in 10%
DMSO.

Adult male albino rats of the Sprague-Dawley strain
weighing 180-220 g were maintained under standard
laboratory conditions (2-3 animals/cage) with food and
water made available ad libitum, under 12 h light/dark
cycle at 25-28°C. Animals were acclimatized about one
week prior to use. For analysis effect of alcohol on
ethanol-induced liver damage, five rats per group were
fed with ethanol at 3.7 g/kg body wt for 20 days. From
the 20th day for the next 5 days the ethanol-treated rats
were administered through oral gavage, carlinoside-
enriched leaf extract from plants grown in different
regions (carlinoside) at 6 mg/kg body wt, twice a day. On
termination of the experiments, blood samples from rats
were collected for estimation of serum bilirubin and liver
function marker enzymes, GPT and GOT. Liver was per-
fused and tissue was processed for immunoblot analysis
using anti-UGT1A1 and a-tubulin antibodies. The animal
model study was performed in accordance with the guide-
lines prescribed by the Animal Ethics Committee at
Visva-Bharati University, Santiniketan, India.

The human hepatoma HepG2 cell line was a kind gift
from National Centre for Cell Science, Pune, India.
HepG2 cells were cultured in MEM (minimum essential
medium) containing penicillin (100 U/ml) and streptomycin
(100 mg/ml) in a humidified 95% 0O,/5% CO, atmosphere
at 37°C. For treatments, 10 mg/ml of the carlinoside-
enriched fractions from each group was added to HepG2
cells (1 x 10%well) for incubation. In the controls, the
respective amounts of DMSO were added in the media.

On termination of incubation at 24 h, 70 ug protein
from control or treated HepG2 cell and rat hepatocyte
lysates were resolved on 10% SDS-PAGE and transferred
to PVDF membranes (Millipore, MA, USA) with the help
of semi-dry trans blot apparatus (Bio-Rad Trans-Blot' SD
Cell, USA) using transfer buffer (25 mM Tris, 193 mM
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glycine, 20% methanol, pH 8.5). The membranes were
first incubated with primary antibody for UGT1A1 (goat
polyclonal, 1:1000) followed by corresponding ALP-
conjugated secondary antibody at 1:1000 dilution using
SNAP i.d. (Millipore, MA). The protein bands were
detected using S-bromro 4-chloro 3-indolyl phosphate/
nitroblue tetrazolium (BCIP/NBT).

Total RNA was extracted from different incubations
using TRI-reagent, according to the manufacturer’s in-
structions. RT-PCR was performed with First strand cDNA
synthesis kit, (Fermentas Life Sciences, Revert Aid™, MD,
USA). Then 2 ul of cDNA was subjected to RT-PCR along
with the following primer sets and conditions; Primers —
human UGTI1A1 forward: 5-AACAAGGAGCTCAT-
GGCCTCC-3'; reverse: 5'-GTTCGCAAGATTCGATGG-
TCG-3'; gapdh forward: 5'-GCCATCAACGACCCCTTC-
3'; reverse: 5-AGCCCCAGCCTTCTCCA-3") and the
cycling conditions were 1 min at 95°C followed by 45 sec
at 55°C for annealing and finally 45 sec at 72°C for ex-
tension for 30 cycles. The gapdh was simultaneously am-
plified in separate reactions.

The statistical analysis was done with the help of SPSS
(v.20 for Windows). ANOVA was performed to find out
the significance of the experiments. The climatic data for
the two soil regions were analysed through PCA using
factor extraction (eigen value > 1). Regression analysis
was also carried out to find the probable relation between
the studied compounds with their environment, irrespec-
tive of the geographic locations.

Figure 1 a presents total phenol and flavonoid content
recorded in C. cajan leaves. Table 1 represents the soil
and climatic attributes recorded during the growth period
of the crop. Interestingly, both groups of compounds sig-
nificantly differed in concentration (P = 0.000) with
respect to their growing locations. The carlinoside con-
centration in leaves was found to be significantly more in
the AL-grown (P < 0.05) than the LA-grown plants (Fig-
ure 1b). We also enumerated the carlinoside concentra-
tion in the edible part (seeds) of this crop and observed
that the leaves significantly (P < 0.05) outnumber the
seeds with regard to carlinoside content (Figure 1 ¢).
Figure 2 shows the typical HPLC chromatograms illus-
trating carlinoside peaks. We collected the leaves uni-
formly during the same growth stage of the crop from the
two localities grown using the same management prac-
tices. The two agroclimates significantly differ with
respect to precipitation and air temperature (precipitation:
P =0.03; temperature: P=0.01). Low precipitation with
high solar insolation resulted in moisture stress in the
Birbhum soil. This may influence the biosynthesis of
phenolics in general and carlinoside, in particular, in C.
cajan. Our results are in good agreement with previous
findings'* .

LA soils exhibited significantly higher acidity (pH =
5.17) compared to AL soils (pH = 6.07). AL exhibited
higher conductivity compared to LA. Water holding
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capacity (WHC), total organic carbon (TOC), total nitro-
gen (TKN), available N (av N) and available P (av P)
were significantly higher in AL compared to LA. High
TOC content indicates high soil C storage in AL. There-
fore, this soil recorded lower acidity and higher nutrient
content compared to LA. Significantly higher share of or-
ganic matter in the form of microbial biomass C (MBC)
probably led to enhanced WHC of the Sonitpur AL soil.
High MBC resulted in significantly higher rate of CO,
respiration from AL compared to LA. This may be due to
high abundance of organic matter in AL. Furthermore,
significantly higher Ca, Mg and Mn and lower Fe levels
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Figure 1. a, Concentrations of total phenol and total flavonoids in
Cajanus cajan. Error bars represent standard deviation. b, Temporal
variation in carlinoside content from leaf extracts of C. cajan grown in
alluvial and lateritic soil zones. ¢, Observed carlinoside concentration
in leaves and seeds of C. cajan from alluvial and lateritic soil zones. In
(a—c) arithmetic means with the same letter are not significantly differ-
ent from each other at 5% probability level.
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Table 1. Soil and climatic variables recorded in the selected sites during the period of Cajanus
cajan cultivation

Environmental parameters Birbhum Sonitpur P-value
Temperature (°C) 29.97 +3.05 2572 +3.15 0.010
Insolation (h day ") 5.49 +1.81 5.07 £0.58 0.872
Precipitation (mm) 38.94 +25.71 193.00 £ 215.38 0.033
Humidity (%) 81.58 £11.05 86.56 + 19.02 0.134
pH 5.17 £1.06 6.03 +1.21 0.000
Electrical conductivity (uS cm™") 6223 +£6.11 8133 £2.52 0.000
Cation exchange capacity (meq 100 g) 52.49 £0.85 70.60 £ 0.40 0.000
Bulk density (g cm®) 0.72 £ 0.08 0.77 £0.04 0.000
Water holding capacity (%) 52.49 £0.85 70.60 £ 0.40 0.000
Total Kjeldahl N (%) 1.73 £0.29 229+13 0.000
Total organic C (%) 2.07 £0.10 4.16 £ 0.44 0.000
Microbial biomass C (ng C g') 5.34 £0.89 1226 £ 1.1 0.000
Soil respiration (ug CO, g h™") 4.58 £0.26 9.17+£0.93 0.000
Av. N (mgkg™") 111.94 £ 11.20 168.00 £ 11.20 0.000
Av.P (mgkg™") 70.70 +5.61 84.81 +18.88 0.004
Av. K (mgkg™") 347.60 £ 4.11 108.80 + 3.80 0.000
Av. S (mgkg™) 5.00 £0.12 2.18 £0.01 0.000
DTPA extractable Ca (mg kg ") 24497 +1.12 323.87 +41.46 0.000
DTPA extractable Mg (mg kg ™) 3246 £3.01 4537 +£0.12 0.000
DTPA extractable Mn (mg kg ™) 3.86 £0.93 2228 £0.14 0.000
DTPA extractable Fe (mg kg ™) 79.25 +0.64 5741 +£6.07 0.000
DTPA extractable Ni (mg kg ") 0.21 £0.05 0.29 +0.00 0.000
DTPA extractable Cd (mg kg ™) 0.03 +0.01 0.01 +0.00 0.104
DTPA extractable Cu (mg kg ™) 1.18 £0.19 0.98 +0.00 0.000
DTPA extractable Zn (mg kg ") 0.36 +0.05 0.52 £0.00 0.000

in AL possibly resulted in stress in C. cajan that triggered
production of phenolic compounds, including carlinoside
compared to LA.

To examine whether the results obtained with different
soil conditions may influence chemical properties of C.
cajan plants, we collected the leaves of this plant grown
in two widely different areas, i.e. AL and LA, at various
time intervals. It would be evident from the results in
Figure 1 b, that there is significant (P < 0.01) variation in
relation to the quantity of desired chemical compound
produced, i.e. carlinoside from leaves obtained from the
above-mentioned regions. Excess accumulation of
bilirubin causes serious liver injury or jaundice due to
impaired activity of UGT1A1l, a key enzyme converting
insoluble bilirubin to the soluble glucoronidated form that
is ultimately secreted out from the body’. In the present
study, we analysed whether variation in carlinoside con-
tent in plants grown in these two regions could also influ-
ence the level of UGT1AL. For this, leaves obtained from
C. cajan plants grown in two different areas at varied pe-
riods (45, 90 and 135 DAS) were subjected to solvent ex-
traction. With the help of thin layer chromatography we
selected only that solvent which showed highest carlinoside
availability, and alcohol extraction was found to be most
potent. We performed both in vitro and in vivo experi-
ments to determine whether the variations in carlinoside
from C. cajan leaf alcoholic extract could be reflected in
the biological activity of this medicinal plant. For in vitro
observations, we selected human hepatoma cell line
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(HepG2, liver cell line) and for in vivo observations we
used alcohol-induced liver damaged rat model. These two
types of experiments are expected to provide information
on the effect of carlinoside in the reversal of liver dam-
age, which would enable us to indicate the potentiality of
soils in endowing medicinal property (i.e. carlinoside) to
the leaf of this plant.

To assess whether the same amount of alcoholic extract
(AE) from AL and LA leaves could give better or less
activity, we incubated HepG2 cells with ethanolic
extracts of leaves and found that UGT1A1 gene and protein
expressions with 10 mg/ml of AL produced greater effect
in comparison to LA, particularly on 45 and 90 day
samples (Figure 3 @ and ). However, similar effect may
not appear in in vivo condition, because availability of
chemical compound to different tissues and cells signifi-
cantly varies during in vivo condition. Therefore, we
treated rats with alcohol (ethanol) to induce impairment
in the liver. Alcohol-induced animal is an accepted
model, and it is well known that excess intake of alcohol
severely damages the liver. We observed that in alcohol-
fed rats (3.7 g/kg body wt), serum SGPT and SGOT lev-
els sharply enhanced, while administration of AE from
both AL and LA leaves effectively reversed the SGOT
and SGPT profile (Figure 3c¢). Bilirubin also showed
remarkable improvement due to AL and LA extracts.
Figure 3 d shows that alcohol treatment greatly increases
unconjugated bilirubin, which is remarkably decreased by
the administration of carlinoside-enriched leaf extracts
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(AE), suggesting marked conversion of insoluble
bilirubin to its soluble form due to enhanced glucoronida-
tion reaction which is catalysed by bilirubin-UGT en-
zyme (UGT1A1). We therefore observed the effect of AE
of AL and LA on UGT1A1 expression in the liver of con-
trol and alcohol-treated rats. Alcohol treatment signifi-
cantly reduced UGT1A1 expression, while administration
of both carlinoside-enriched leaf extracts markedly
enhanced UGT1A1 by both AL and LA; here also, AL
showed greater effect than LA (Figure 3¢). Taken to-
gether, these findings demonstrate that alcohol-induced
liver damage in rats is effectively cured with administra-
tion of carlinoside-enriched leaf extracts; the extracts
obtained from plants grown in alluvial soil were found to
show greater yield of carlinoside. This indicates that
AL soils are more productive compared to LA soils with
regard to carlinoside yield. Hence, soil quality plays a
significant role in contributing to the yield of metabolites,
for which the plant is marked for its medicinal value.
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Figure 4a and b presents PCA and factor analysis
respectively. We know that several environmental fac-
tors, including soil health strongly influence expression
and concentration of bioactive compounds in plants'>'¢.
We were interested in identifying these factors for C. ca-
jan grown under the given environmental conditions.

We observed strong positive loading of pH, WHC,
TKN, TOC, av N and av P in principal component (PC) 1
and equally strong negative loading of Fe, av K and S in
PC 2 (Figure 4 a). Rich organic matter, low pH with high
levels of exchangeable and total nitrogen were found to
be essential to enhance production of some secondary
metabolites in plants'”'®. Interestingly, positive loading
of precipitation, humidity and solar insolation was also
noteworthy. Duration, wavelength and quantity of solar
radiation strongly influence photosynthetic carbon fixa-
tion and biomass accumulation'>'®. Positive loading of
some trace elements like Mn, Mg, Ca and Zn indicates
significant influence of bioavailability of these elements
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extracted from plant leaf of alluvial soil], e, Rat primary hepatocytes incubated with or without carlinoside-enriched fractions
(10 mg/ml) for 24 h. After incubation, the cells were lysed and microsomal sample was immunoblotted with anti-UGT1A1 anti-
body. a-Tubulin served as loading control. Arithmetic means with the same letter are not significantly different from each other at

5% probability level.

on expression of phenolic compounds in C. cajan. Fur-
thermore, factor analysis (Figure 4 b) reveals that the two
sites are distinctly different from each other with respect
to physico-chemical properties. Generally, reduced water
availability and high temperature trigger the production
of phenolics in plants'>'’. Interestingly, PCA suggests
that temperature and water content have a positive influ-
ence on carlinoside content in C. cajan.

R-square values for regression analysis ranged from
0.901 to 0.958. This indicates the significance of the
analysis. The regression models derived for total phenol,
total flavonoids and carlinoside are given below

Total phenol = 3.08 — 0.84 WHC

+3.28 TKN - 0.21 TOC

+0.24 Ca—- 093 Mn + 0.83 Fe +0.14 T - 0.05 P,
Total flavonoids = 54.26 + 14.66 WHC

CURRENT SCIENCE, VOL. 110, NO. 11, 10 JUNE 2016

—57.74 TKN + 7.17 TOC + 1.42 Mn
—25.09 Fe-23.68 T+ 9.24 P,

Carlinoside = 6.54 + 0.88 WHC + 5.09 TKN
—-0.17TOC—-0.17Mn + 0.97 Fe + 0.33 T + 0.04 P.

Total phenol content in C. cajan leaves was positively
correlated to TKN, Ca, Fe and air temperature, while pre-
cipitation, soil WHC, TOC and Mn content had negative
correlation with total phenol. Interestingly, total flavon-
oids and carlinoside contents correlated positively with
WHC and TOC of soil. Carlinoside had a positive corre-
lation with air temperature and precipitation. The regres-
sion analysis suggests that C/N balance in soil, along
with soil moisture and some metal ions (Ca, Fe and Mn),
strongly influence production of secondary metabolites in
C. cajan. Hence, the differences observed in the present
study are directly related to environmental attributes, as
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flavonoids and carlinoside concentrations in C. cajan: a, Loading plots
of PCA for the variables under study. b, Factor score analysis for
Birbhum and Sonitpur.

noted by Ncube et al.'® that plants evolve physiological
mechanisms to acclimatize with respect to their ambi-
ence.

The selected locations differed significantly with
regard to soil and climatic characteristics. These varia-
tions noticeably influenced total phenol, flavonoids and
carlinoside concentrations in C. cajan leaves. Carlinoside
extracted from C. cajan from both the locations showed
significant variability with respect to the UGT1A1 gene
expression in HepG2 cell line. The overall results suggest
that C. cajan cultivated in alluvial soil yields more car-
linoside, a potent candidate against hepatitis.
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