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ABSTRACT

Introduction: Murraya koenigii (L.) and Ficus carica L. are
traditionally used plants with significant medicinal and nutri-
tional values. Aim and Objective: The present study was focused
on the evaluation of hydro-alcoholic and aqueous extracts of M.
koenigii (L.) leaves [MKHA (M. koenigii (L.) hydro-alcoholic ex-
tract) and MKAQ (M .koenigii (L.) aqueous extract)] and dried
fruits of F. carica L. [FCHA (F. carica L. hydro-alcoholic extract)
and FCAQ (F. carica L. aqueous extract)] in the attenuation of
markers of microvascular complications associated with diabetes
mellitus which can be further used to investigate the pharmaco-
logical activity of these plants in treatment of diabetes and its
complications. Material and Method: The attenuating effect of the
extracts was evaluated by calculating the ALR1 enzyme inhibition
in a kidney of Wistar rat, anti-glycation activity in bovine serum
albumin (BSA) and erythrocyte sorbitol accumulation inhibition
in heparinized human blood. Results: A significant inhibitory ef-
fect (ICsp 6.47ug/ml,7.26pg/ml,8.93 ug/ml and 9.66ug/ml) was
observed with different concentrations of extracts (MKHA,
MKAQ, FCHA and FCAQ) respectively, against ALR enzyme. Af-
ter the 4" week of incubation, the inhibition of AGEs formation by
MKHA, MKAQ, FCHA and FCAQ (500ug/ml) was found to be
82.58%, 78.58%, 74.39% and 69.56% respectively. MKHA,
MKAQ, FCHA and FCAQ were found to exhibit significant inhi-
bition against the accumulation of sorbitol in RBCs with ICsg
188.88 pg/ml, 247.74ug/mi, 291.94ug/ml and 345.34ug/ml, re-
spectively. Conclusion: The administration of different concen-
trations of MKHA, MKAQ, FCHA and FCAQ significantly atten-
uated ALR, AGEs and sorbitol accumulation; hence, it can pro-
vide a basis for identification and development of new inhibitors
of these biomarkers.
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SAZETAK

Uvod: Murraya koenigii (L.) i Ficus carica L su tradicionalno
koriscene biljke sa znacajnom lekovitom i nutritivnom vrednoscu.
Cilj: Ova studija je fokusirana na proceni hidro-alkoholnih i
vodenih ekstrakta listova M. koenigii (L.) [MKHA (M. koenigii
(L.) hidro-alkoholni ekstrakt) i MKAQ (M .koenigii (L.) vodeni
ekstrakt) i susenih plodova F. carica L. [FCHA (F. carica L. hi-
dro-alkoholni ekstrakt) i FCAQ (F. carica L. vodeni ekstrakt)] u
slabljenju markera mikrovaskularnih kompikacija povezanih sa
dijabetesom melitusom Sto se moze dalje koristiti da bi se ispitalo
farmakolosko dejstvo ovih biljaka u lecenju dijabetesa i njegovih
komplikacija. Materijali i metode: Ublazavajuce dejstvo ekstrakta
Jje procenjeno proracunom inhibicije ALRI enzima u bubregu
Wistar pacova, antiglikacionog dejstva u govedem serumskom al-
buminu (BSA) i inhibicije akumulacije sorbitola u heparini-
zovanoj humanoj krvi. Rezultati: Znacajan inhibitorni efekat (ICsg
6.47ug/ml, 7.26ug/ml,8.93 ug/ml i 9.66ug/ml) je primecen sa
razlicitim koncentracijama ekstrakta (MKHA, MKAQ, FCHA i
FCAQ) na ALR enzim. Posle cetvrte nedelje inkubacije, inhibicija
stvaranja AGEs pomocu MKHA, MKAQ, FCHA i FCAQ
(500ug/ml) je bila 82.58%, 78.58%, 74.39% i 69.56%. MKHA,
MKAQ, FCHA i FCAQ su pokazali znacajnu inhibiciju na
akumulaciju sorbitola u RBCs sa ICsp 188.88 ug/ml, 247.74ug/ml,
291.94ug/ml i 345.34ug/ml. Zakljucak: Primena razlicitih kon-
centracija MKHA, MKAQ, FCHA i FCAQ znacajno je oslabila
ALR, AGEs i akumulaciju sorbitola, stoga, ona moze da obezbedi
osnovu za prepoznavanje i razvoj novih inhibitora ovih bi-
omarkera.

Kljucéne reci: ALR inhibicija, stvaranje AGEs, akumulacija sor-
bitola, Ficus carica; Murraya koenigii.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic, progressive and met-
abolic disease resulting in chronic hyperglycemia as well as
altered metabolism of carbohydrates, proteins and fats and a
number of people affected by diabetes is expected to increase
to 354 million by 2030 (1-3). Diabetes is also responsible for
many short and long-term complications like diabetic neu-
ropathy, retinopathy and nephropathy (2). Development of
diabetic complications is triggered by hyperglycemia. More-
over, in chronic diabetes, there is an initiation of various met-
abolic pathways (hexosamine; mitogenactivated protein ki-
nases (MAPKSs); sorbitol-aldose reductase; protein kinase C;
advanced glycation end products (AGEs), their receptors and
nitric oxide synthase) (4-8). Formation of AGEs leads to
damage of target cells (9) prompting receptor-mediated lib-
eration of reactive oxygen species (ROS) (10). Aldehyde re-
ductase (ALR), advanced glycation end products (AGEs) and
sorbitol are prominent markers of diabetic complications. Re-
duction of aldehydes and carbonyls is caused due to activity
of ALR, which is a key enzyme for aldehyde detoxification,
osmotic regulation, and metabolism of catecholamines and
steroids under normal physiological conditions (11). During
glucose metabolism, a number of proteins or lipids are pro-
duced called as AGEs, which become glycated upon expo-
sure to sugar, causing various diseases like diabetes, athero-
sclerosis, etc. (7). ALR also reduces glucose to a slow metab-
olizing alcoholic sugar (sorbitol) which produces a laxative
effect by drawing water into the large intestine (12).

Interaction of AGEs and its receptors produces oxidative
stress, which leads to the damage and vascular aging. During
hyperglycemic conditions, the reduction of glucose to sorbi-
tol is caused by the consumption of cofactor nicotinamide ad-
enine dinucleotide phosphate (NADPH) by ALR. This over-
exploitation of NADPH affects other homeostatic mecha-
nisms, such as the glutathione (GSH) production; an antioxi-
dant enzyme, which further leads to oxidative stress. There is
the accumulation of excessive sorbitol and extracellular glu-
cose in several sensitive tissues such as eye lenses, retinal
cells, peripheral nerves, renal cells, etc. which ultimately
causes long-term complications. Hence, the therapeutic
agents that can inhibit ALR, AGEs formation and sorbitol ac-
cumulation may have a therapeutic potential for treating dia-
betic complications (13,14).

Murraya koenigii (L.) Sprengel, (Rutaceae), has been
used in folk and traditional medicine for treating a traumatic
injury, snake bite, rheumatism, as a stimulant, and in the
management of diabetes mellitus (15). Various phytoconstit-
uents (alkaloids and coumarin glycoside) present in the
leaves of M. koenigii were found to possess antioxidant, anti-
hyperlipidemic, antifungal, antibacterial, larvicidal, anti-car-
cinogenic, anti-hyperglycemic, anti-lipid peroxidative, and
hypotensive activity (16). The various chemical constituents
found in the leaves of M. koenigii are: Alkaloids: mahanine,
koenine, koenigine, koenidine, girinimbiol, girinimibine,
koenimbine, O-methyl murrayamine A, O-methyl mahanine,
isomahanine, bismahanine, bispyrayafoline. Coumarin
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glycoside: scopotin, murrayanine. Essential oil: di- alpha
phellandrene, D-pinene, D-sabinene, D-terpinol, dipentene
and caryophyllene. 5, 8-dimethyl furanocoumarin, 1-al, 3[6’,
6’ dimethyl 5-hexene] carbazole, [-sitosterol. Phosphorus,
iron, thiamine, riboflavin, niacin, vitamin c, carotene, oxalic
acid and calcium (17-18).

Ficus carica Linn. (Moraceae), is used in Ayurveda, ho-
moeopathy and siddha system of medicine (19). The bark,
leaves and fruits are traditionally used to treat different dis-
orders such as respiratory diseases, gastrointestinal diseases,
diabetes, skin diseases, ulcers, dysentery and haemorrhoids
(20). F. carica has anti-inflammatory, cytotoxic, and anti-hy-
perlipidemic activities. Various phytoconstituents such as
amino acids, phytosterols, anthocyanins, organic acid, hydro-
carbons, aliphatic alcohols, volatile components, fatty acids,
phenolic components, etc. have been isolated from different
parts of F. carica (21, 22). Psoralen, bergapten, umbellifer-
one, S-sitosterol, campesterol, stigmasterol, fucosterol, fatty
acids, 6-(2-methoxy-Z-vinyl)-7-methyl-pyranocoumarin, 9,
19-cycloarlane triterpenoid, 6-O-acyl-f-Dglucosyl-S-sitos-
terol,calotropenyl acetate, lupeol acetate and a few other
classes of secondary metabolites (23).

Many active and potent synthetic ALR inhibitors and
AGE inhibitors have been synthesized by many researchers
but they did not pass clinical trials due to their poor pharma-
cokinetics, low efficacy and safety. Therefore, the focus has
been shifted towards herbal drugs to explore new agents with
better efficacy and lesser side effects (24-26). So, this study
was designed to investigate the inhibitory activity of hydro-
alcoholic and aqueous extracts of M. koenigii and F. carica
against ALR, AGEs and sorbitol accumulation.

MATERIALS AND METHODS
Plant material used

Fresh leaves of M. koenigii (L.) were collected in August
- September from the herbal garden of Maharishi Markandes-
hwer College of Pharmacy (MMCP), Maharishi Markandes-
hwer (Deemed to be) University, Mullana Ambala, Haryana
and dried fruits of F. carica L. were collected from a local
market of Ambala, Haryana and authenticated by Dr. K.
Madhava Chetty from the Department of Botany, Sri Van-
kateshwara University, Tirupati, India. The plant specimen
voucher numbers 0384 and 1296 are present in the herbarium
of the University for future reference.

Reagents used

Ethanol, NADPH (nicotinamide adenine dinucleotide
phosphate), Glyceraldehyde, Bovine serum albumin (BSA),
Aminoguanidine, Heparinized human blood, NADH (Nico-
tinamide adenine dinucleotide), Fructose, Ascorbic acid.

Preparation of Extracts

The fresh leaves of M. koenigii (L.) were shadedried and
crushed to powder. 100 g of the powdered leaves were first



extracted with aqueous ethanol (40%) and then with water for
48 hours by maceration with the aid of an electric magnetic
stirrer. Also, the fruits of F.carica L. were further dried and
powdered. 100 g of the powdered fruits were extracted by
maceration sequentially using hydro-alcohol i.e. aqueous eth-
anol (40%) and water for 48 hours by using an electric mag-
netic stirrer. The extracts were filtered and concentrated at
the temperature of 40°C by using a rotary evaporator under
the reduced pressure. The extraction yield was calculated and
the crude extracts were dissolved in water and used for the
assessment of various assays.

ALRI1 enzyme inhibition

The fractional purification of ALR1 enzyme was carried
out from the kidney of a rat (IAEC Protocol No.:
MMCP/IAEC/24). The activity of ALR1 was calculated by
checking the oxidation of NADPH and was assessed spectro-
photometrically at 340 nm at 37 °C as an element of time.
Glyceraldehyde was used as a substrate for the estimation of
ALRI1 enzyme inhibition.

The ICso values were calculated by plotting the percent
inhibition versus the inhibition concentration (27). The ex-
periment was done in triplicate.

Anti-glycation activity

In-vitro anti-glycation activity of the extracts was esti-
mated by measuring the capability of extracts in inhibiting
fluorescence of bovine serum albumin (BSA) on a weekly
basis up to four weeks, Matsuda et al. (28). Aminoguanidine
was considered as a reference compound. The formation of
AGEs was measured from the intensity of fluorescence at the
excitation wavelength of 355 nm and emission wavelength of
460 nm. Elico-SLI74 Spectrofluorometer was employed for
determination of the anti-glycation activity. The experiment
was done in triplicate.

Erythrocyte sorbitol accumulation inhibition

The inhibition of accumulation of sorbitol in erythrocytes
was estimated according to the method of Haraguchi et al. in
which 5 ml of human blood (heparinized) was taken from a
healthy male volunteer kept overnight fasting. Erythrocytes
were isolated then from plasma by centrifugation (29). Elico-
SLI74 Spectrofluorometer was used to measure the relative
fluorescence due to NADH at the excitation wavelength of
366 nm and emission wavelength of 452 nm.

RESULTS
Extraction yield of the extracts:

The extraction yield of hydro-alcoholic extract of M.
koenigii (MKHA) was found to be 24.45% and the extraction
yield of aqueous extract of M. koenigii (MKAQ) was found
to be 17.7% Whereas, the extraction yield of hydro-alcoholic
extract of F. carica (FCHA) was found to be 34.57% ,the

extraction yield of aqueous extract of F. carica (FCAQ) was
found to be 28.42%.

Inhibition of ALR

ALR enzyme was isolated from the kidney of Wistar rat
and the activity of ALR was monitored spectrophotometri-
cally by measuring the oxidation of NADPH at 340 nm. Dif-
ferent concentrations (2, 4, 6, 8, 10 pg/ml) of MKHA,
MKAQ, FCHA and FCAQ produced a good inhibitory effect
against ALR enzyme with ICsy 6.47 pg/ml, 7.26 pg/ml, 8.93
pg/ml and 9.66 pg/ml respectively whereas, ICso of quercetin
(standard) was found to be 4.87 pg/ml. (Figure 1)

Figure 1. Inhibitory effects of MKHA, MKAQ, FCHA
and FCAQ against ALR enzyme inhibition
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Inhibition of AGEs

The production of AGEs was observed on a weekly basis
by measuring the intensity of fluorescence of BSA-fructose
solutions for 4 weeks and MKHA, MKAQ, FCHA and
FCAQ (the concentration 25, 50, 100, 200, 400, 500 pg/ml)
significantly attenuated the production of AGEs. After the
4th week of incubation, the inhibition of AGEs formation by
aminoguanidine (standard) (500 pg/ml) was found to be
97.53 % whereas the percentage inhibition by MKHA,
MKAQ, FCHA and FCAQ (500 pg/ml) was found to be
82.58%, 78.58 %, 74.39 % and 69.56 % of AGEs formations
respectively (Figure 2, 3, 4 and 5).

Figure 2. Inhibitory effect of MKHA
against AGEs inhibition
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Figure 3. Inhibitory effect of MKAQ
against AGEs inhibition
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Figure 4. Inhibitory effect of FCHA

against AGEs inhibition
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Figure S. Inhibitory effect of FCAQ
against AGEs inhibition
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Erythrocyte sorbitol accumulation inhibition

In the present study, different concentrations (12.5, 25,
50, 100, 200, 400, 500 pg/ml) of MKHA, MKAQ, FCHA and
FCAQ were prepared and their effect was measured against
the accumulation of sorbitol in terms of relative fluorescence
due to NADH. Different concentrations of MKHA, MKAQ,
FCHA and FCAQ were found to exhibit the significant inhi-
bition of accumulation of sorbitol in erythrocytes with an ICsg
188.88 pg/ml, 247.74 ng/ml, 291.94 png/ml and 345.34 ng/ml
respectively while as ICsy of ascorbic acid was found to be
150.06 pg/ml [Figure 6].
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Figure 6. Inhibitory effects of MKHA, MKAQ, FCHA
and FCAQ against Sorbitol accumulation
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DISSCUSION

The reduction of aldehydes and carbonyls is caused due
to the activity of ALR, which is a key enzyme for aldehyde
detoxification, osmotic regulation, and metabolism of cate-
cholamines and steroids under the normal physiological con-
ditions (11). ALR has a low affinity for glucose therefore; its
metabolism is not affected under the normal physiological
conditions (14, 30). During the chronic hyperglycemic con-
ditions, hexokinase enzyme that is responsible for glucose
phosphorylation for the production of energy is saturated and
the surplus of glucose enters the polyol pathway resulting in
the reduction of glucose to sorbitol. During hyperglycemia,
ALR consumes cofactor NADPH for reducing glucose to sor-
bitol. This over-exploitation of NADPH affects other home-
ostatic mechanisms, such as the glutathione (GSH) produc-
tion; an antioxidant enzyme, which further leads to oxidative
stress (13).

Amadori products (by the reaction of proteins/lipids with
reducing sugars) via Mallard reaction are formed because of
non-enzymatic glycation due to chronic hyperglycemia.
These products are further transformed to cross-linking
AGEs like pentosidine and crosslines, having a specific flu-
orescence. Due to the production of excessive AGEs, the re-
ceptors of AGEs (RAGEs) are also overexpressed, which fur-
ther leads to pathogenesis of diabetic complications. Several
studies have confirmed the vital role of inhibition of AGEs
leading to the attenuation of diabetic complications (31-34),
therefore, the inhibition of AGEs can be proposed as a good
therapeutic option to lag the progression of diabetic compli-
cations.

ALR also reduces glucose to a slow metabolizing alco-
holic sugar (sorbitol) which produces a laxative effect by
drawing water into the large intestine (12). The excessive sor-
bitol formation during the polyol pathway and extracellular
glucose gets accumulated in several sensitive tissues such as
eye lenses, retinal cells, peripheral nerves, renal cells, etc.
which ultimately causes long-term complications (30, 13).

MKHA has produced better inhibitory effect against ALR
enzyme with ICsp 6.47 ng/ml than MKAQ which produced
ICso 7.26 pg/ml and FCHA produced 1Csp 8.93 pg/ml and



FCAQ produced ICsy 9.66 pg/ml, respectively in comparison
to quercetin (standard) i.e. 4.87 pg/ml. The higher activity of
MKHA as compared to MKAQ, and that of FCHA as com-
pared to FCAQ may be due to the additive effect of higher
concentration of different flavonoids present in the hydro-al-
coholic extract than the aqueous extracts (38, 39). Several re-
searchers have studied the potential of flavonoids against
ALR enzyme that encouraged our results (14,35,36,37). In
the present study, the formation of AGEs was observed
weekly by measuring the fluorescence intensity of bovine se-
rum albumin (BSA)-fructose solutions for subsequent four
weeks and MKHA, MKAQ, FCHA and FCAQ were found
to have an inhibitory effect against the formation of AGEs.
After the 4th week of incubation, the inhibition of AGEs for-
mation by aminoguanidine (standard, 500 pg/ml) was 97.53
% whereas MKHA, MKAQ, FCHA and FCAQ (500 pg/ml)
inhibited 82.58%, 78.58 %, 74.39 % and 69.56 % of AGEs
formations respectively. In the present study, different con-
centrations of MKHA, MKAQ, FCHA and FCAQ (12.5, 25,
50, 100, 200, 400, 500 pg/ml) were prepared and their effect
was measured against sorbitol accumulation in terms of rela-
tive fluorescence due to NADH. The different concentrations
of MKHA, MKAQ, FCHA and FCAQ were found to exhibit
a significant inhibitory effect on the accumulation of sorbitol
in red blood cells with an ICso 188.88 pg/ml, 247.74 pg/ml,
291.94 pg/ml and 345.34 pg/ml respectively which was com-
parable to Ascorbic acid i.e. 183.08 pg/ml.

CONCLUSION

This study has revealed the inhibitory potential of hydro-
alcoholic and aqueous extracts of M. koenigii (L.) and F.
carica L. against ALR enzyme activation, AGEs formation
and sorbitol accumulation. Thus, these extracts of M. koenigii
(L.) and F. carica L. may have a beneficial role to delay the
progression of diabetic complications.
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