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Abstract

Usefulness in the blocking of the glucose assimilation pathway of Candida albicans for developing anti-diabetic
drug that might potentially down regulate glucose absorption at intestine is explored in the present paper. Colony
characteristics and the microscopic distinctions of the organism grown in yeast extract with and without glucose
were studied initially. The study findings were then reconciled with the proven efficacy of a herbal preparation and a
known drug- Miglitol and thus arrived the above method to be reliable, rapid, reproducible and cost effective for
preliminary screening of anti-diabetic drugs. The findings are presented in the paper.
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Introduction
Diabetes mellitus is considered to be one of the killer diseases of the

modern world and the recent statistics indicates that more than 60% of
the global population are either in the border line or affected by
diabetes mellitus. Significant proportions of the population are also
dying every year directly and or indirectly due to diabetes mellitus.
Several factors such as change in diet, untimely and dis-propionate
eating, life full of stress and strain etc. are some of the strongly
indicated causes of diabetes mellitus [1,2]. Diabetes mellitus itself is an
untreatable medical problem and at the same time it is also a precursor
and predilection for many complications such as diabetic retinopathy,
diabetic neuropathy, diabetic nephropathy, diabetic cardiomyopathy
etc. [3,4,5].

The medical consequences of both insulin dependent diabetes
mellitus (IDDM) and non-insulin diabetes mellitus (NIDDM) are
almost same although the underlying etiopathology and the bio
medical genetics may differ [6,7]. Increased blood sugar burden and
sugar starved cells due to poor to ill conversion of glucose to glycogen
and vice versa progressively affect the well-being and quality of life of
the patient.

Although plenty of drugs are available for the management of
IDDM and NIDDM, still a ‘drug in the form of food’ or ‘food in the
form of drug’ preferably from herbal source for the management of the
disease is the real need of the hour so that such ‘drugs’ can be
integrated into the lifestyle of the diabetic patients at ease. However
identifying and developing such drugs is cumbersome and costly. The
above situation warrants a rapid, reliable and cost effective method for
screening of anti-diabetic properties of various compounds. The global
population is moving aggressively towards plant wealth and plant
based preparations to manage various health problems including
diabetes mellitus so long as the problems are manageable with such
preparations [8,9]. In the above circumstances a method for rapid
screening of herbs that might possess anti-diabetic effect will have
great scientific value and medical significance.

NIKU is a traditional Siddha drug reported to possess multi-various
therapeutic benefits such as anti-viral, anti-bacterial, anti-pyretic,
analgesic and immune boosting [10-13]. This drug is formulated with
9 herbs with strong support from traditional belief system. Sugar
assimilation test is vastly used for differentiating the different species
of candida as different species of candida known to exhibit selective
and unique sugar assimilation pattern. By using a battery of sugars the
species are thus identified based on their ability/inability to assimilate
the given sugar [14,15].

In the present study we have made an attempt to exploit blocking
the sugar assimilation pattern in C. albicans as a tool to understand the
possible anti-diabetic potential of herbal extracts. The Candida
albicans in minimal essential media post blockage of sugar assimilation
known to exhibit both morphological and microscopic distinctiveness
which can be compared with the above characteristics of the organism
grown in sugar free media.

The present study discusses the anti-diabetic benefit of Dr. JRK’s
NIKU (Nilavembu Kudineer) in comparison with Miglitol by
exploring the sugar assimilation inhibition of Candida albicans as a
potential tool. We have used Miglitol because it involves in the
reversible inhibition of membrane-bound intestinal α-glucoside
hydrolase enzymes [16,17]. In simple term Miglitol known to inhibit
sugar assimilation. Miglitol is widely used for the treatment of diabetes
mellitus because it inhibits certain enzymes that delay the glucose
absorption and lowering of postprandial hyperglycemia.

Materials and methods

Details of the isolates Candida albicans used
Twenty five clinical isolates of Candida albicans previously

identified by the conventional methods [18] were used for the study.
Ten days prior to the start of the study all the isolates were re-tested to
confirm their sugar assimilation ability is not lost.

Growth study in Yeast extract glucose medium (YEGM)
The culture suspension adjusted to 104 CFU was inoculated on to a

well of 2 mm diameter in YEGM with and without NIKU and Miglitol
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at 1 mg/ml concentration. 20 ml of medium was used for preparing
plates. Simultaneously the organism was also grown in Sabroud’s
dextrose agar medium (SDA) as described above. The plates were
incubated at 260C for 2 days.

The growth characteristics of the organism were studied and noted
for 2 days and was compared with the growth of the organism in SDA.

Screening of Miglitol, Dr. JRK’s NIKU and the individual
herbs of NIKU

Miglitol, NIKU and all the 9 herbs of NIKU were incorporated
separately into YEGM at 1 mg/ml and the organism was inoculated as
described above and the plates were incubated at 260C for 2 days with
complete recording of the growth characteristics of the respective
isolates grown in media with NIKU or the herbs vis-à-vis the growth of
organism in YEGM without these herbs. The entire experiment was
done in duplicates.

Study of the microscopic characteristics of Candida albicans
grown in 0.2 %glucose solution with and without NIKU or
Miglitol
The Candida strains were grown in glucose solution containing 1

mg/ml of Miglitol and NIKU separately and incubated at 260C for 2
days. The microscopic appearance of the isolates grown in glucose
solution with and without NIKU or Miglitol was studied using
microscope.

Results

Growth morphology of Candida albicans in media with and
without sugar

In YEGM (Yeast extract glucose medium) Candida cells show
characteristic rich, mucoid colony. The growth pattern of Candida in
YEM without glucose exhibited very weak, transparent, button like
colony. The growth characteristics of Candida in YEGM media was
comparable with that of SDA (Sabroud’s dextrose agar) (Figures 1-3
and Table 1).

Figure 1: Growth of C. albicans in SDA.

Figure 2: Growth of C. albicans in YEGM.

Figure 3: Growth of C. albicans in YEM.

YEGM
media

YEM without
glucose SDA

SDA with
NIKU SDA with Miglitol

Rich,
mucoid
colony

Transparent ,
weak, button
like colony

Rich,
extended
mucoid
colony

Sparse
colony,
appear weak

Impoverished
colony with
transparent
appearence

Table 1: Growth pattern of Candida albicans (25 isolates) after 2 days.

1 mg/ml of NIKU and Miglitol in YEGM moderately inhibited the
growth of Candida albicans. The ingredients such as Cyperus rotundus
(Korai Kilangu), Santalum album (Sandhanam), Plectranthus
vettiveroides (Vilamicahiver), Vetiveria zizanioides (vettiver) inhibited
the growth of Candida albicans significantly.

The ingredients such as Andrographis paniculata (Nilavembu),
Zingiber  officinale (Sukku), Mollugo cerviana (parpadagam),
Trichosanthes cucumerina (Peipudal), Piper nigrum (Milagu) did not
affect the growth of Candida albicans (Table 2).
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S.no Name of the test material Extent of inhibition of growth of Candida grown in YEGM

1 Cyperus rotundus (Korai Kilangu) +++

2 Santalum album (Sandhanam) +++

3 Plectranthus vettiveroides (Vilamicahiver) +++

4 Vetiveria zizanioides (vettiver) +++

5 Andrographis paniculata (Nilavembu) -

6 Mollugo cerviana (parpadagam) -

7 Zingiber  officinale (Sukku) -

8 Trichosanthes cucumerina (Peipudal) -

9 Piper nigrum (Milagu) -

10
(C. rotundus+ S. album+ P. vettiveroides+ V. zizanioides)= Equal proportion of
4  herbs) +++

11 NIKU (Equal proportion of 9 herbs) ++

12 Miglitol +++

+++ indicates inhibition of growth
++ Minimum inhibition of growth
- indicates no inhibition

Table 2: Growth morphology of Candida albicans (25 isolates) in YEGM with 1 mg/ml of NIKU and its individual ingredients.

Microscopic characteristics of Candida albicans grown in 0.2%
glucose solution with and without Dr. JRK’s NIKU and or Miglitol

The microscopic characteristics of Candida cells grown in 0.2%
glucose solution were well grown well matured with abundant

blastospore formation. When the Candida cells were grown in 0.2%
solution with 1mg/ml concentration of Dr. JRK’s NIKU and or Miglitol
exhibited highly impoverished state indicating some inhibition of
sugar assimilation due to NIKU (Table 3).

0.2% glucose solution 0.2% glucose solution + 1 mg/ml Dr. JRK’s NIKU 0.2% glucose solution + 1 mg/ml Miglitol

1. Gorged cells with well spread and rich cytoplasmic
inclusions
2. Even and uniformly sized cells
3. Abundant blastopore all around the cells

1. Miniaturized cells
2. Condensed cellular inclusions showing impoverished
state of the cells
3. Increased vacuolar space

1. Miniaturized sparse cells
2. Highly Condensed cellular inclusions showing
impoverished state of the cells
3. Increased vacuolar space

Table 3: Microscopic characteristics of Candida albicans (25 isolates) grown in 0.2% glucose broth with and without Dr. JRK’s NIKU.

Discussion
The present study has clearly shown that blocking of sugar

assimilation pathway of Candida albicans can be used as an excellent
tool to screen various compounds for their anti-diabetic property at
large. The sugar assimilation test is vastly used for the identification
and characterization of various microbes and more so for various
species of Candida [15]. So far no one has ever tried to exploit Candida
albicans and their sugar assimilation pattern to screen drugs for
diabetes mellitus.

In our present study Candida albicans has exhibited two distinct
and incomparable colony characteristics when grown in YEGM media
and YEM (without glucose). This confirms that sugar is essential and
also it is being utilized by the organism. When we incorporated
Miglitol, NIKU and the individual 9 herbs of NIKU separately into
YEGM at 1 mg/ml concentration and the Candida albicans were
grown, surprisingly we found significant difference in the growth

morphology and growth characteristics of the organism grown in
media with different herbs.

NIKU had inhibited the growth of the organism however the
growth characteristics of the organism was not absolutely comparable
with that of the organism grown in YEM without sugar. However the
following herbs such as Cyperus rotundus (Korai Kilangu), Santalum
album (Sandhanam) Plectranthus vettiveroides (Vilamicahiver)
Vetiveria zizanioides (vettiver) at 1 mg/ml inhibited the growth of
Candida albicans significantly and the growth morphology and other
characteristics of the organism grown in YEM without sugar. The
findings clearly show that the poor growth of Candida albicans may be
due to the inability of the organism to utilize sugar. Our separate
experiment on the possible anti-fungal effect of the above herbs on
Candida albicans has proved that none of these herbs have any such
effect up to a concentration of 1%.

Interestingly the following ingredients in NIKU such as
Andrographis paniculata (Nilavembu), Zingiber  officinale (Sukku),
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Mollugo cerviana (parpadagam), Trichosanthes cucumerina
(Peipudal), Piper nigrum (Milagu) did not affect the growth of
Candida albicans possibly these herbs may not have any effects in the
utilization of sugar. The growth characteristics of Candida grown in
SDA medium incorporated with NIKU /Miglitol was comparable that
of the organism grown in YEM without sugar and in YEGM medium
incorporated with either NIKU or Miglitol. SDA being sugar rich and
protein rich the organism can circumvent nutrient limitations but
when NIKU or Miglitol was added such ability the organism did not
exhibit exuberantly indicating the strong possibility of glucose
assimilation inhibition.

To reconfirm the above possibility we have prepared the extract
combination using the herbs that showed high growth inhibition
activity of Candida albicans. Surprisingly the extract combination
exhibited activity superior than NIKU and the activity of respective
individual herbs. The synergy clearly suggests the strong inhibition of
sugar absorption by yeast cells by the extract combination.

The microscopic studies of the yeast cells grown in sugar solution
with and without NIKU and or Miglitol gave plethoric view on how
the sugar absorption inhibition would affect the microscopic
characteristics of yeast cells. The yeast cells grown in sugar solution
with NIKU exhibited very impoverished state where the cytoplasmic
contents were reclusive whereas the organism that was grown in sugar
solution without NIKU exhibited normal growth characteristics.

We have not taken just the growth inhibition of the organism in
NIKU or the herbs incorporated medium we have also assessed the
colony characteristics and microscopic details and compared it in
medium with sugar. Therefore the findings clearly suggest the
possibility of sugar assimilation inhibition as the principle cause for the
above than the anti-fungal effect. Our earlier studies on the effect of
NIKU on alpha-amylase and alpha glucosidase (data considered for
publication elsewhere) has clearly shown that NIKU possess sugar
assimilation inhibition property.

In the light the plenty of collaborative evidences gathered through
the present experiment it can be concluded that blocking sugar
assimilation of Candida albicans can be used as a reliable,
reproducible, cost effective tool for screening compounds for diabetes.
However, the likely anti-fungal effects and other phyto-pharmaceutical
details also must be considering before drawing any conclusion.
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