Indian Journal of Natural Sciences % www.tnsroindia.org.in ©lJONS

Vol.10 / Issue 59 / April / 2020 International Bimonthly ISSN: 0976 — 0997

RESEARCH ARTICLE

Literature-Based Research on Antidiabetic Potential of Okra

Dhanish Joseph!*, Hima Davis?, Manju Maria Mathews?, Bharat Mishraz and Junia George?

1Assistant Professor, Nirmala College of Pharmacy, Muvattupuzha, Kerala, India.
2Nirmala College of Pharmacy, Muvattupuzha, Kerala, India.

Received: 12 Jan 2020 Revised: 16 Feb 2020 Accepted: 18 Mar 2020

*Address for Correspondence
Dhanish Joseph

Assistant Professor,

Nirmala College of Pharmacy,
Muvattupuzha, Kerala, India.

Email: dhanishjoseph707@gmail.com

@ | Thisisan Open Access Journal / article distributed under the terms of the Creative Commons Attribution License
marEr  (CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited. All rights reserved.

ABSTRACT

Diabetes mellitus is an endocrine disorder that affects about 10% of the world population.Management of
diabetes without any side effects have been a significant challenge to the medical field since almost all the
available allopathic medications have been reported toxic and having side effects. So it is prudent to look
for options in herbal medicines which considered to be less toxic and free from side effects than the
synthetic ones. Traditional antidiabetic plants can overcome the high cost, side effects of currently
available drugs like organ toxicity. This project aims to identify the potential antidiabetic effect of
different extracts of okra. Abelmoschus esculentus (okra) is a flowering plant belonging to the Mallow
family with sufficient hypoglycaemic effect. Several research and review articles discussing the
hypoglycaemic effect (both in vivo and in vitro) of okra has collected, and itsantidiabetic potential is
compared. The results show that the okra can have a glucose reduction in the range of 20 — 70% and the
green methanolic okra extract 5mg/kg shows the highest reduction of about 73%.
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INTRODUCTION

Diabetes mellitus is a chronic endocrine disorder characterized by impaired insulin secretion or action, which may
result in hyperglycemia [1]. Physical inactivity and unhealthy dietary habits result in overweight and insulin
resistance which forms the major risk factors for diabetes mellitus [2]. At present, the chronic use of synthetic
medicine for the management of diabetes causes severe side effects. Researchers have been looking for alternative
therapies that include herbal or natural remedies [3]. Several traditional medicines of herbaceous plants proved to be
highly useful in reducing blood glucose levels. Experimental evaluation and isolation of active constituents from

18600

[=]
0

5

0


http://www.tnsroindia.org.in
mailto:dhanishjoseph707@gmail.com

Indian Journal of Natural Sciences % www.tnsroindia.org.in ©lJONS
Vol.10 / Issue 59 / April / 2020 International Bimonthly ISSN: 0976 — 0997

Dhanish Joseph et al.

herbal plants having antidiabetic potential is increasing nowadays, which could open up a new era in the field of
diabetes management [4].

Abelmoschus esculentus (A.E.) commonly known as okra, lady's finger is a flowering plant in the Mallow family with
sufficient antidiabetic potential [1]. In this study, the antidiabetic activity of different parts of A.E gathered from the
various other studies conducted by different researchers. The work aims to identify multiple in vitro, in vivo
research activities conducted about the hypoglycaemic activity of okra and its parts and to identify the real potential
of okra in the treatment of diabetes mellitus. The study helps to identify the active constituents present in the
different parts of okra which can be used for further research to develop a new safe and effective herbal medicine for
the management of diabetes mellitus.

METHODOLOGY

Both research and review articles published in peer-reviewed journals have selected which discuss the antidiabetic
activity of different parts of Abelmoschus esculentus. The sources include Google Scholar, Pubmed, Science direct. The
articles taken were published after the year 2010 and then categorized into in vivo and in vitro studies (Tablel and
Table 2). Later the antidiabetic activity was compared and discussed.

Discussion on In vivo antidiabetic studies
Mode of induction

The most commonly used drug for inducing diabetes found to be alloxan as well as streptozotocin (STZ). The
preferable one is STZ due to its effective induction of type Il diabetes at a low dose (35 mg/kg), it is also having an
advantage of low mortality rate compared to alloxan [15]. Both of these inducing agents have used in different
concentrations in various studies (Table 1). The highest dose of alloxan administered intraperitoneally to Wistar rats
at 150 mg/kg produces a glucose level in the range of 100 — 170 mg/dI[1, 5]. In contrast, STZ,at a dose of 35 mg/kg,
administered intraperitoneallyto Sprague Dawley rats produces a glucose level above 200 mg/dl [15].

Similarly, STZ at a dose of 50 mg/kg, when administered intraperitoneallyto Sprague Dawley rats produces a glucose
level of 100 — 150 mg/dl [8]. From this, it is evident that the STZ is more successful in inducing diabetes comparing
with alloxan at lower doses. Those animals induced with STZ at a dose of 35 mg/kg develop a stable blood glucose
concentration in two days, i.e. they require a less induction period at low doses as compared to alloxan [15]. At the
same time, alloxan injection of dose 150 mg/kg intraperitoneally in Wistar rats gives stable diabetes (150 — 200) for
about a month or so [5,1].

Comparison of extracts

Ben-Chioma et al. compared the antidiabetic efficiency of aqueous extract and dry powder of okra fruits at a dose of
100 mg/kg in alloxan (65mg/kg) induced Wistar rats. The percentage glucose reduction after 14 days of treatment in
aqueous extract and dry powder form of okra fruits found to be 36.08% and 32.36% respectively.The study
concluded that increased blood glucose reduction was seen in animals treated withaqueous extractthan those given
dry powder form [7]. Jain P et al. studied the antidiabetic effect of ethanolic and aqueous okra fruit extract.In alloxan
(150 mg/kg) induced Wistar albino rats. Two different doses (250 and 500 mg/kg) of both the extracts compared in a
14 days duration study. The result shows no significant difference in percentage glucose reduction between the
ethanolic (21.14% & 20.38%) and aqueous extracts (26.16% & 23.96%) of okra fruit [5]. Kulkarni makes a comparison
of the antidiabetic effect between 200 & 400 mg/kg of aqueous extract of dry powder and fresh fruits of okra and okra
mucilage in STZ (60 mg/kg) induced adult male Wistar rats for 28 days. The percentage glucose reduction (60 — 70%)
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shows that both the aqueous extracts have promising results when compared to the mucilage studied, also the
percentage glucose reduction increases with the dose administered in aqueous extracts. But for the two different
treatments of mucilage of okra fruit (200 & 400 mg/kg), the percentage glucose reduction remains almost the same
(59.80% & 59.60% ) [9]. Anjani PP et al. studied the hypoglycaemic efficiency of methanolic green and purple okra
extract in two different doses (5 & 10 mg/kg). The study carried out for 14 days in Sprague Dawley rats induced with
50 mg/kg of STZ intraperitoneally. Methanolic extract of green and purple okra at a dose of 5 mg/kg gives a
percentage glucose reduction of 73.26% and 72.33% and at a dose of 10 mg/kg provides a percentage with glucose
reduction of 66.86% and 37.14% respectively. The study concludes that these two okra extracts show no much
difference in percentage blood glucose reduction[8].

An OGTT study of the whole plant of okra has conducted by M.Sarkar et al. in swiss albino mice.The hypoglycaemic
effect ofcrude methanolic extract of the entire plant (200mg/kg), n-Hexane and chloroform soluble fraction isolated
from methanolic extract (200 mg/kg) of okra determined in the study. The methanolic extract shows more percentage
glucose reduction (46.50%) than the soluble fractions after 3 hours [16]. The comparison of different extracts of okra
reveals that the extracted form of okra itself shows some advantages over the other types of okra used in the separate
antidiabetic study.However, there was no significant difference in the antidiabetic effect produced by aqueous and
alcoholic extracts of okra irrespective of the dose, the animal used, inducing chemical and treatment duration.This
studyconcludes that the antidiabetic activity of okra is similar for various extracts.

Comparison of Dose of Okra

The different doses of various extracts of okra compared to see whether there is any difference in antidiabetic
activity. A comparison of percentage blood glucose reduction of increasing doses (100, 250,500 mg/kg) of aqueous
extracts of okra fruit in alloxan-induced Wistar rats conducted. The aqueous extract of okra fruit given at a dose of
100 mg/kg has the highest percentage glucose reduction (36.08%) when administered for 14 days [5, 7]. The aqueous
and alcoholic extracts (250 & 500 mg/kg) given to alloxan-induced Wistar rats, no much difference in percentage
glucose reduction(20 — 25%) was seen [5].

The antidiabetic potential exhibited by different doses of aqueous and alcoholic extracts of okra in STZ induced rats
were different. A low dose of alcoholic extract of okra (5,10 mg/kg) gives a percentage glucose reduction above 50%
[8]. A similar percentage glucose reduction obtained for aqueous extracts of okra, when it is administered at a dose of
100 mg/kg or above in STZ induced rats [9,10]. Different doses of alcoholic extracts can influence the hypoglycaemic
activity of okra, but the dose of aqueous extracts is unimportant. This effect also depends on the inducing agent used
for diabetes induction. Diabetes induced by STZ can be treated effectively with a low dose of alcoholic extract of okra
[8]. In contrast, the glucose reduction in alloxan-induced rats was similar when treated with different doses of both
aqueous and alcoholic extracts of okra [5].

Comparison of Okra with Standard anti-diabetic drug

The antidiabetic potential of okra in both agueous and non-aqueous extracts (Figurel and Figure 2) has compared
with the different standard medicines in various studies [5,7,9,14,16]. The antidiabetic study of okra fruit conducted
by Benchioma et al. in alloxan-induced Wistar rats uses glibenclamide as the standard drug. The percentage glucose
reduction by the aqueous extract and dry powder form of okra (100 mg/kg) compared with the standard drug
glibenclamide at a dose of 5 mg/kg. The standard drug gives 51.57% glucose reduction, which was higher compared
to the aqueous (36.08%) and dry powder (32.36%) forms of okra [7].

Jain p et al. compared the hypoglycaemic efficiency of two different doses (250 & 500 mg/kg) of aqueous and
ethanolic extracts of okra fruit with 2.5 mg/kg of standard drug glibenclamide. The results show a higher percentage
of glucose reduction by glibenclamide (32.79%) in alloxan-induced Wistar albino rats than the extracts [5]. An OGTT
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study of the water-soluble fraction of okra fruit was conducted in alloxan-induced long Evan rats by H. Khatun et al.
In this study the aqueous extract (200 mg/kg) of the fruit was compared with 2 mg/kg of metformin, the glucose
level reported was 34.2+1.07 mmol/L and 20.7+1.01 mmol/L respectively [14].

The antidiabetic study of different aqueous extracts and mucilage of okra fruit conducted by Kulkarni compared his
result with glibenclamide at a dose of 10 mg/kg. The percentage reduction of glucose was 70.94% which was similar
to those by the extracts and the mucilage (60 — 70%) of okra[9]. An OGTT study of the whole plant of okra in Swiss
albino mice takes 10 mg/kg of glibenclamide as the standard drug. The percentage glucose reduction by the standard
was 62.13% which was higher compared to the other groups (40 — 50%) in the study [16]. The most frequently used
standard in most of the in vivo antidiabetic studies found to be glibenclamide. The blood glucose reduction was
seen in the range of 20 — 70% for different doses of glibenclamide. The comparison of percentage glucose reduction
by glibenclamide reveals that the percentage reduction increases as the dose of the drug increases. The study uses 10
mg/kg of glibenclamide gives a percentage reduction of glucose above 60% [9, 16] whereas 51.57% glucose reduction
was given when the dose of glibenclamide reduced to 5 mg/kg [7]. Further, when the dose of glibenclamide reduced
to 2.5 mg/kg, a further reduction in blood glucose was seen (32.79%) [5].

The methanolic green okra extract showed the highest percentage glucose reduction (73.26%) among all the aqueous
and non-agueous extracts and mucilages at a dose of 5 mg/kg in STZ induced Sprague Dawley rats [8]. The alcoholic
extracts of okra fruits show much higher potential in reducing blood glucose levels at lower doses when compared
with different doses of agueous extracts of okra. The above discussion also refers to okra fruit as the best part of the
okra plant that is widely used to reduce the blood glucose level. Both the aqueous and non-aqueous extracts of okra
fruits studied show promising results [5,7,9,14,15].

Discussion onln vitro antidiabetic studies

Apart from the in vivo studies, there are many in vitro studies (Table 2) also carried out in okra fruits and seeds. A.K.
Sekar et al. determined the antidiabetic potential of fresh okra fruit by identifying the total phenolic and flavonoid
content, % enzyme inhibition and conducting DPPH assay. The results of these in vitro tests are compared between
the aqueous, methanolic and ethanolic extracts and showed that methanolic extracts have better activity than the
others[12]. V. Sabitha et al. determined the in vitro enzyme inhibitory effect of okra peel and aqueous seed extracts.
The aqueous extract of okra seed (80.9%) found to be less potent than the peel extract (88.7%) in reducing blood
glucose level since the antidiabetic potential is attributed to the inhibitory effect against glucosidase enzyme. This
enzyme retards the carbohydrate digestion, which in turn delays the postprandial rise in glucose level [13]. The
hypoglycemic effect of okra fruit studied by measuring glucose adsorption, glucose diffusion and amylase inhibitory
activity by Dhiraj et al. The results revealed that the studied vegetable insoluble fibre could effectively adsorb
glucose, retard the glucose diffusion and inhibit the a-amylase activity [3].

Phytoconstituents responsible for the antidiabetic property of okra

Abelmoschus esculentus is said to exhibit different pharmacological activities like antioxidant, antidiabetic, anti-
inflammatory, anticancer, antibacterial properties [17].Various extracts of okra have been evaluated for their
phytochemical composition by different researchers so that the active constituents responsible for the activity or
effect can be understood. The biochemical and nutritional evaluation of okra shows that it contains polyphenols,
proteins, fat, fibre, carbohydrate and several other antioxidant vitamins [3]. The different parts of okra are rich in
various constituents. Fresh fruits contain pectin and mucilage, and the mucilage of fruit is rich in flavonoids. The
seeds mainly composed of polyphenols like oligomericcatechins. Ethanolic and aqueous fruit extracts contain
carbohydrates, gums and mucilages, proteins, phytosterols, flavonoids, tannins, phenolic compounds, and volatile
oil [17, 18]. The antioxidant activity is mainly due to the polyphenols and exhibited by the fruit extracts where the
presence of lectin gives anti-inflammatory response shown by the ethanolic extract.
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Liao. H analyzed and compared the total phenolic and flavonoid content of okra fruit, flower, leaf and seed
methanolic extracts. The results show that the methanolic extract of the flower part has a higher total phenolic and
flavonoid content. They also reported a significant correlation between these contents and anti-oxidant activity
shown by the plant. In 2012, the same author, isolated a new flavonol glycoside from Abelmoschus esculentus, which
shows antioxidant property [19, 20]. The chemical analysis of crude and purified okra mucilages resulted that there
were a high protein and mineral content in the crude extract compared to the purified one. The ash content was
accounted for by calcium, magnesium, potassium and phosphate ions [21].

The hypoglycaemic effect of okra is mainly due to the polysaccharides and different polyphenols present in it [22, 23,
and 24]. The flavonoid glycosides like isoquercitrin and quercetin 3-O-gentiobioside reduced blood glucose and
serum insulin levels and improved glucose tolerance [23]. Liu et al. purified and identified the dominant
polysaccharide of okra,rhamnogalacturonan, as the main chemical responsible for the anti-diabetic effect [25].

CONCLUSION

This study aimed to identify the hypoglycaemic effect of okra by review of several reviews and research papers that
have been already published and concluded that Abelmoschus esculentus is an essential plant that needs to be
developed into an anti-diabetic formulation, since, it has high hypoglycaemic property. The different parts of the
plant exhibit the activity which is proven by various researchers and the percentage glucose reduction was shown in
the range of 20- 70 %. This percentage range was obtained from the articles published in peer-reviewed journals after
the year 2010.

The percentage glucose reduction was the main parameter for comparison between the different okra extracts
studied by various researchers. The effect of the extract, dose, mode of induction, the period of study on the
percentage glucose reduction has been discussed. The phytochemical composition of okra has also been explored to
some extent. The flavonol glycosides (quercitin derivatives) and the polysaccharides found in okra were the primary
class of phytoconstituents responsible for its antidiabetic activity. The various parts of okra are rich in different
bioactive constituents responsible for different therapeutic activities. The phytochemical analysis of okra also reveals
the abundance of polyphenols present in it which is responsible for the antioxidant property of okra.The best of all
the compared extracts was the green methanolic okra fruit extract at a dose of 5 mg/kg, which shows the highest
percentage glucose reduction (73.26%). The best drug for diabetic induction found to be STZ. It can induce diabetes
at a low dose and have a low mortality rate compared to alloxan [9, 10, and 15]. The comparison of okra extract
activity with the standard drug glibenclamide results that both have similar activity.

Abelmoschus esculentus is an important herbal plant that needs to be commercialized within no time as it has high
antidiabetic potential. Since it is a commonly available plant and the whole plant exhibiting activity, the drug
developed from this could have the advantages of the least adverse effects and affordability. Further studies need to
be done on various extracts as well as parts of okra that its safety needs to be explored. The more toxicity studies like
histopathology and biochemical evaluations could help to confirm that okra is safe to use in humans and the
development of a formulation would be a significant achievement in the management of diabetes.
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Plant Amm?“ Treatment | Extraction In vivo response
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part method Duration method Glucose level |% Reduction
10.15 + 3.04
0,
Aqueous 100mg/kg mmol/l 36.08%
+
Dry 100mglkg | O74¥27 32.36%
Alloxan powder mmol/l Ben-
. 65mag/kg Glibencla 7.69+1.81 0 Chioma AE
Fruits i.v, Wistar 14 days mide Sma/kg mmol/I 51.57% etal,
rats NA bC 15.88+2.84 i 2015[7]
mmol/I
457 +0.32
NA Control 5703 -
mmol/l
1250mg/kg | 163+49.5 mg/dl 44.42%
98.8 £22.6
Alloxan paste | 2500mg/kg mg/dl 66.31% | onuchaN
Fruits | 150mg/kg,i.p, 14 days 65.0 +22.9 etal,
Wistar rats 5000mg/kg mg/dI 71.83% 2017[1]
NA DC 293.3+43.4 )
mg/dl
114.6+0.61
0,
Ethanol 250 ma/kg mg/dl 21.14%
90%w/v 107.3+3.1
° 500 mg/kg Om:; /Zl 6 26.16%
Alloxan 115.7+0.56
150mg/kg 250mg/kg ma/di 20.38% i P etal
Fruits | BWip, lddays | Aqueous 1105+1.23 PSS
Wistar albino 500mg/kg mg/dl 2396% | 2017D]
rats ;
Glibenclam 97.67+0.56
0,
e 2.5mg/kg mo/dl 32.79%
NA DC 145.33 mg/dl -
NA Control 100.7+0.76 mg/dl -
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i In vivo response
Plant An|m§I/ Treatment Extraction b
art Induction Duration method Dose . . Reference
p method Glucose level |% Reduction
Long 34.2+1.07
Evans Aqueous 200 mg/kg mmol/L -
WSF ts, . T+1
rass Metformin 2mg/kg 20.7£1.01 - H Khatun et
of alloxan 24 hrs mmol/L
fruits (120 al, 2011{14]
mg/kg), NA control 6.8+0.13mmol/L -
iv, OGTT
Aqueous 200mg/kg 187 + 8mg/dl 60.04%
extract of dry .
powder 400mg/kg 154 + 13 mg/dl 67.09%
Adult Aqueous 200mg/kg 198 + 1 mg/dl 57.69%
male eXUrACtol | oomgikg | 173213mg/dl | 63.03%
: m +13m .
Fruits Wistar 28 davs fresh fruits 9g 9 ° Kulkarni,2017
rats,STZ 4 Mucil 200mg/kg 188 + 9 mg/dl 59.80% [9]
ucilage
60mg/kg g 400mg/kg | 189 + 8 mg/dl 59.60%
i.
P Glibenclamide | 10mg/kg 136 £ 6 mg/dl 70.94%
NA DC 468+9 mg/dl -
NA Control 78 £ 2 mg/di -
. 209.33+46.05
male Ethanolic | 0.45mg/kg 52.98%
Sprague- mg/dl
Dawley
Fresh rats 12 weeks Huang CN et
fruits 8 rats NA DC 445.25+23.45 al, 2018[15]
/group mg/dl
35mg/kg
STZ
NA Control 71.25+2.95 -
mg/dl
Table 1: continues
plant | AMmal | o tment | Extraction In vivo response
it Induction Duration method Dose ) - Reference
pa method ural 0 Glucose level % Reduction
Agueous 6.87 = 0
45mg/kg extract 200 mg/kg 0.49mmol/l 29.89%
Okra . 9.80£1.02 Tian ZH et al,
extract SSTDZ r::lth) 19 days NA bC mmol/I i 2015[10]
+
NA Control 667£088 -
mmol/I
Okra STZ 50 Methanolic 100.25 + Anjani PP et
0,
green mg/kg 14 days Green okra Sma/kg 8.32mg/dI 73.26% al, 2018[8]
Eg: E 18607
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+
&purpl I_BW extract 10mg/kg 124.25 +34.26 66.86%
e i.p, mg/dl
without | Sprague ) 103.75+7.09 0
separati | Dawley Methanolic sma/kg mg/dl 72.33%
Purple okra
ng rats 145+ 58.43
tract . 149
betw_ee extrac 10mg/kg m/di 37.14%
”asnko'ln NA DC 375+70.60 mg/d -
seeds NA Control 82.75£539 -
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ABSTRACT

A corporate sector in order to remain in the competitive business environment should safeguard its
suitable liquidity. Equally, a corporate sector displeases if it cannot be able to meet its short term
responsibility eventually of time significances in wicked creditworthiness by outsiders, a decrease in the
value of reputation in the market. Bearing in mind the inflexible opposition that happens in the current
commercial atmosphere, analyzing liquidity and examines of its effect on profitability is extremely
important to the business managers to quick policy-making capability and advantage. A study of
liquidity risk management is important for internal as well as external users of financial information.
Liquidity should be neither extreme nor insufficient. Liquidity is the monetary strength of a company. In
this background, an effort has been made to analyze the liquidity management and financial
performance of CIPLA Ltd. (CIPLA) and Sun Pharmaceutical Industries Ltd. (SUN PHARMA), leading
pharmaceutical industries in India for the period from 2009-10 to 2018-19. To investigate the trends of
liquidity management and their impact on financial performance of CIPLA and SUN PHARMA different
financial ratio analysis, comprehensive rank test, Spearman’s Rank correlation analysis, and t-test have
been employed.

Keywords: Liquidity Management, Financial Performance, Correlation, t test and Profitability Ratios.
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INTRODUCTION

Liquidity talks about the obtainability of cash or cash equivalents to meet the current obligations and short-term
operating requirements. In other arguments, liquidity is the volume of liquid assets that are accessible to pay the
current obligations as well as revenue expenditure in addition to the short term debt (accountingcourse.com).
Liquidity means having adequate money in the form of cash, or near-cash assets, to meet the financial requirements.
Proper liquidity and investment management help in planning the outflows to creditors on time to avoid losing
name, trust and potential insolvency (Panigrahi, 2013). Financial performance is the result of a firm's strategies and
operations in monetary value, which use to reflect in the firm's return on growth, value-added, return on equity and
investment, etc. (businessdictionary.com). Liquidity and profitability have great significance for the companies.
Liquidity shows the controlling of current assets and current liabilities in a company. It displays whether a firm can
effectively manage its short term obligations or not (Megaladevi, 2018).

Liquidity risk is high when the company is not able to pay its current obligations. If a firm wants to sustain for a long
period it should remain liquid and meet its current liabilities when due. Despite the companies give importance on
capital budgeting and capital structure, the recent trend is that a lot of firms focus on assets management potency.
Liquidity management involves investments in liquid assets to meet the short-term maturing debt of creditors and
others. Different stockholders like shareholders, Investors, money lenders, and managers look to the financial
statements of the companies by means of financial ratios related to liquidity measurement for evaluating liquidity
hazard. This is generally done by comparing short term assets as well as short term liabilities to determine whether
the company can make additional investments, disbursement of dividend as well as bonuses or, encounter their debt
requirements. Companies that have high leverage than their liquidity risk is so high since they have fewer assets to
impose. Consequently, the company should take numerous steps to decrease the gap between its current assets to
overcome their debt requirements (investopedia.com).

Liquidity management shows a vital role in a company’s profitability, risk and also its value. Investment in more
risky projects can give more return. So, the firms want to keep more liquidity may have low risk and low
profitability. A firm with low liquidity may have high-risk outcomes to high profitability. So the company should try
to balance the risk and return. Van Horne and Wachowicz (2004) defined that too many current assets may have a
negative impact on a firm’s profitability, while a low current asset possibly will lead to a decrease in liquidity and
stock-outs, which can create problems in managing the business. When all the present obligations are met, it
increases the credit standing of the organization. But, failure to satisfy such obligations on a continuous basis would
reduce the credit standing and market name leading to difficulties in finding sources of finance. A study of liquidity
management is important for internal as well as external users of financial information. Liquidity should be neither
extreme nor insufficient. Liquidity is the monetary strength of a company. It can be analyzed by computing different
liquidity ratios and can rank them as per the Motaal’s final Rank check (Vimala &. Kumar, 2016).

Financial management policy follows to maintain suitable liquidity in order to maintain its current accountabilities
and also profitability. Competition is very high in the current commercial atmosphere, so measuring liquidity and
analyses of its effect on financial performance are extremely significant to the business managers to quick decision-
making ability and superiority. The universal increase of privatization and liberalization, which was originally
exposed in the U.K. in the 1980s and later extended over almost all over the world, has inspired significant debate in
India on the prudence of liberalization. The growing requirement on the universal financing institutions is
increasing in the adverse situation in India has also carried the appeal to approve the economic liberalization
approach by the Government of India. The Indian Government expected to adopt a new economic business strategy.
Later, many approach announcements visible by the Indian Government have thrust on the way to deregulation,
globalization, and liberalization. Accordingly, a large number of public enterprises had grown-upspeedily over the
few decades in analmost non-competitive situation have in progressof facing top opposition. So, a notable change in
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the Indian public sector has similarly developed inevitably to face the new competitions (Jafar & Sur, 2006). In this
context, the current study has been made to analyze the liquidity management and financial performance of CIPLA
Ltd. (CIPLA) and Sun Pharmaceutical Industries Ltd. (SUN PHARMA), leading pharmaceutical industries in India
for the period from 2009-10 to 2018-19.

Brief Profile of CIPLA

CIPLA is a pharmaceutical and biotechnology company in India. It is a multinational company and one of the
world's biggest producers of generic medicines. It was established by Dr. Khwaja Abdul Hamiedas with the name
The Chemical, Industrial & Pharmaceutical Laboratories in 1935. It has its center of operations and offices in
Mumbai, Maharashtra, Belgium, UK, and the United States. Its present chairman is Dr. Yusuf K. Hamied. CIPLA has
34 production centers in India that are cGMP compliant and follow national and main international standards. Its
medicines are traded in more than 170 countries including the United States, Canada, Europe, Africa, Australasia,
Latin America, and the Middle East. The company’s production includes more than 2000 different types of products
like multiple therapeutic categories, which include treatment for critical, prolonged and unusual diseases. The
corporation produces reasonable drugs and it has a pioneering role in the HIV/AIDS cure. It is amongst the
important producers of ARV (anti-retroviral) medicines in all over the world, and was the world's first
pharmaceutical concern (in 2001) to supply ARVs to nations at less than a dollar a day. In the financial year 2014-15
(according to company sources), its ARV drugs were used by more than 2 million HIV patients in 100 countries
(www.brandindiapharma.in).

Brief Profile of SUN PHARMA

Sun Pharmaceuticals Ltd. is the largest (by market capitalization) pharmaceuticals company in India and the 5th
largest generic medicinal corporation in the world. The company produces and sells superior quality, reasonable
drugs in more than 150 countries and 6 continents. By means of31st March 2015, Sun Pharma had knowledgeable
human resources of more than 2,000 scientists and had capitalized over 7% of its yearly incomes in Research &
Development. The company has over 48 production facilities all over the world. 30 brands of the company are within
the top 300 pharma brands in India. SUN PHARMA Company sells its medicines as branded generics in India and
also in all the major global markets. The healing sections covered by the corporation's more than 2000 different types
of medicines including psychiatry, anti-infective, neurology, cardiology, orthopedics, diabology, gastroenterology,
ophthalmology, nephrology, urology, dermatology, gynecology, respiratory, oncology, dental and Nutritionals. SUN
PHARMA is mainly divided into four parts. They are Active Pharmaceutical Ingredients (API), International
Branded Generics, Indian Branded Generics, and US Generics. Similarly, they make domain APIs which include
steroids, hormones, peptides, and anti-cancer medicines. All these medicines are manufactured at 14 international
standard manufacturing facilities all over the world. More than 72% of the company’s revenues are from
international markets. One of the largest markets of the company remains in the USA that consists of nearly 60% of
its revenue (www.brandindiapharma.in).

Literature Review

Elijelly (2004) studied the liquidity gain trade-off: associate in a rising market. It examined the relationship between
gain and liquidity, as calculated by current magnitude relation and money gap (cash conversion cycle) for the joint-
stock firms in Saudi Arabia. The study shows a negative relation between the firm’s gain and its liquidity level.
Sharma and Kumar (2011) studied that the positive relationship amongst accounts receivables and profitability is
because of the situation that Indian corporations have to uphold added trade credit to survive with their
international participants. While Kartik (2012) reveals trends in liquidity management and their impact on profit. A
linear relationship between liquidity and profit is found by using a multivariate analysis model. Here the companies
are keeping an adequate quantity of current liabilities for liquidity management. On the other hand, Panigrahi (2013)
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examined leading Indian cement firms that have been taken to find the liquidity position. Ten years data viz, 2000-
2001 to 2009-2010 have been taken for the analysis. Only secondary data is taken for the study. Statistical techniques
like mean, variance, constant of variation, magnitude relation analysis, and Motaal’s final rank check has been used.
It shows that the liquidity position of small firms is higher as compared to big firms. It also indicates an unsound
liquidity position. Low or negative assets indicate the aggressive assets management policy of the companies.

Further in the study Egbide, et al. (2013) analysed the association between liquidity and profitability. They have
selected 30 different production companies listed on the Nigeria Stock Exchange for 5 years which is from 2006 to
2010. The outcome recommends that the current ratio and liquid ratio are positively connected with profitability. But
the cash conversion period is negatively related with the profitability of production companies in Nigeria. The
relationship in all the cases was statistically insignificant, representing low degree of impact on liquidity and the
profitability of those companies. So, the inclusive state of liquidity should be better by creating more accurate credit
policy which would produce smaller cash conversion period (CCP) and have a positive influence on the profitability
of the company. Similarly Venkateswarlu and Reddy (2015) analysed the liquidity management of cement
corporations for a period of ten years from 2003-04 to 2012-13. Current quantitative relations, fast quantitative
relation, liquid funds to current assets quantitative relation and comparative liquidity position have been taken for
the analysis. Motala's final Rank is also taken to rank the companies. They found that Deccan Cements Ltd. is in the
first rank, representing the prime liquid company amongst the six sample corporations. Panyam Cements & Mineral
Industries Ltd. and Sagar Cements Ltd. are in second and third positions. Anjani Portland Cements Ltd. was in the
fourth rank and Bheema Cements Ltd. and NCL Industries Ltd. got fifth rank and sixth rank, showing the notable
critical liquidity position. Whereas Vimala and Kumar (2016) reveals the liquidity management of major
pharmaceutical companies by applying statistical techniques like variance, coefficient of variation and found
liquidity should be neither more nor less. Here the liquidity is analyzed by computing different liquidity ratios and
Motaal's final Rank check. Patjoshi (2016) studied the impact as well as the relationship of liquidity on the
profitability of selected steel companies in India from 2010-11 to 2014-15. The collected data has investigated through
the descriptive analysis, correlation and regression of various financial ratios for finding out the impact of liquidity
on profitability.

On the contrary Waswa et al. (2018) investigated how the performance of the company influenced by the liquidity
management. They have taken five sugar companies for the period of 30th June 2005 to 2016 for the study. They
suggest that a negative relationship occurs between liquidity management and firm performance by using a random-
effects regression model. The analysis proposes that cautious thought and forecasting of funding liquidity
management are important ways to increase the financial performance of the company. The study also recommends
that there is a necessity for the sugar manufacturing companies to enhance their operating cash flow, to influence
their financial performance positively. While Megaladevi (2018) investigated the interrelationship of liquidity and
profitability in different Cement Corporations in India by applying different financial ratios for profitability and
financial ratios of liquidity risk management. The outcomes of the analysis display that CR and QR are having a
significant association with ROAE. ROE is correlated at a 5% level of significance with ICR and at a 1% level of
significance with ROCE and EBDITCE. ROTA is positively correlated at a 5% level of significance with ROCE,
EBDITCE, ROACE, and ICR Profitability ratios also play a significant role in the financial positions of companies. All
stakeholders have curiosity to know the liquidity position of a firm. The Suppliers of firm will check the liquidity of
the firm before supplying goods on credit. ROCE is having a significant relationship with ROE, ROTA, EBDITCE,
ROAE, ROACE, TDDR and ICR at 5% and 1% level of significance. The research shows that Liquidity and
profitability have near association amongst every ratio. Patjoshi (2018) examined the analysis of liquidity
management and financial performance of ONGC and IOCL from 2006-2007 to 2015-2016 and to examine the
liquidity and trend of the degree of relationship among liquidity as well as profitability different financial ratios,
inclusive rank test, Spearman’s Rank correlation analysis, and t-test applied.
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Objectives of the Study
This study has the followingcore objectives:

1. To study the trends of liquidity managementand financial performance of CIPLA Ltd. (CIPLA) and Sun
Pharmaceutical Industries Ltd. (SUN PHARMA).
2. Toanalyse the impact of liquidity management onfinancial performance of CIPLA and SUN PHARMA.

Hypothesis of the Study

Keeping the objectives in view, the hypothesis framed for the study is Hypothesis (Ho): There is no significant
difference between liquidity management on financial performance of CIPLA and SUN PHARMA.

METHODOLOGY OF THE STUDY

To study the trends of liquidity management and their impact on financial performance of CIPLA and SUN PHARM,
data has been composed from the published annual reports of the CIPLA and SUN PHARMA for the ten years from
2009-10 to 2018-19. The collected data have been appropriately re-arranged, classified and tabulated as per the
requirements of the study. Various financial ratios, comprehensive rank tests, Spearman’s rank correlation analysis,
and t-test have been employed to study the liquidity management and financial performance of the CIPLA and SUN
PHARMA. To find out the liquidity management of the CIPLA and SUN PHARMA throughout the study period, the
significant liquidity ratios like Current Ratio (CR), Liquid Ratio (LR), Inventory Turnover Ratio (ITR), and Debtor
Turnover Ratio (DTR) have been calculated. For a comprehensive rank test with liquidity ratios, the profitability
ratio Return on Total Assets (ROTA) has also been applied.

RESULTS AND DISCUSSION

Analysis of Important Ratios related to Liquidity of CIPLA and SUN PHARMA

Table-1 defines the movement of the liquidity position of CIPLA and SUN PHARMA through significant selected
ratios related to liquidity and the trend of the significant ratios connected to liquidity has elaborated below. Current
Ratio is a liquidity ratio that measures a company's capacity to pay short-term liabilities or those due within one
year. It communicates investors and analysts how a company can increase the current assets to fulfill its current debt
and other short-term obligations. High CR indicates more funds to meet the company’s short term liabilities. Table |
shows that the Current ratio of CIPLA and SUN PHARMA has decreased significantly from 2009-10 to 2018-19. The
current ratio of CIPLA varies from 2.20 to 3.33 and SUN PHARMA varies from 2.44 to 4.46. The average current ratio
of CIPLA and SUN PHARMA are 2.71 and 3.31 respectively, for the study period, which is more than the standard
ratio of 2:1.

Similarly, Liquid ratio (LR) is also known as acid test ratio or quick ratio. It measures the detailed liquidity position
of companies. The liquid ratio is calculated to overcome the limitation of the current ratio. The liquid ratio is the
association between quick assets and quick liabilities. Normally a higher liquid ratio is taken as a good liquidity
position of the companies and a lower liquid ratio says that the liquidity position of the companies is not good.
Table-1 shows that the liquid ratio of the CIPLA and SUN PHARMA varies from 1.26 to 2.05 and from 2.00 to 3.24
respectively. The averages LR of both the companies for the study period were 1.57 and 2.62. It specifies that CIPLA
and SUN PHARMA liquid ratios are higher than the standard ratio of 1:1. Both the companies authenticate a
declining trend for the study period. The average liquid ratio is also more than the standard ratio of 1:1 for the
period 2009-10 to 2018-19.
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Inventory turnover ratio (ITR) is the number of times a company sells its finished goods and replaces its stock of
goods in a period of time. It shows how the company manages its inventory and how their sales plans are effective.
More inventory turnover ratio is healthier for the company. It implies a company is able to sell its goods very fast
and so also demand for their product is also very high. Low inventory turnover specifies fewer sales and low
demand for the products of a company. The inventory turnover ratio describes whether a company is managing its
stock appropriately or not.The ITR of CIPLA varies from 3.03 times to 4.20 times and that of SUN PHARMA varies
from 3.69 times to 5.21 times. The averages ITR of CIPLA and SUN PHARMA were 3.66 times and 4.26 times
respectively for a period of 2009-10 to 2018-19. The average inventory turnover ratio was 2.12 times for Indian
Manufacturing Companies as per a study conducted by CMIE (CMIE, 1998, P.7). The ITR of both companies is
higher than the standard set by CMIE during the study period. Thus, it showed efficient management of inventory
for both the companies. However, SUN PHARMA has managed its inventory more efficiently as compare to CIPLA
during the study period.

Debtors Turnover Ratio (DTR) is also known as the Receivables Turnover Ratio. It defines how quickly the credit
sales of the company are changed into cash. This ratio displays the competence of a firm in handling and collecting
the credit delivered to the customers. Debtor management is also one of the important parts of working capital
management. The high debtor turnover ratio shows the high liquidity of debtors. Low debtors turnover ratio and
long collection period imply that payment by debtors is delayed. Table-1 shows that the minimum Debtors Turnover
Ratio as 3.62 times and maximum DTR as 6.23 times for CIPLA. SUN PHARMA shows the minimum DTR as 3.27
times and maximum DTR as 7.40 times. The average debtor turnover ratio of Indian Manufacturing Companies
should be 11 times as per the study done by CMIE (CMIE, 1998, P. 7). The average debtor turnover ratios of CIPLA
are 4.97 times and SUN PHARMA is 4.45 times for the year 2009-10 to 2018-19. It is significantly lower than the
standard set by CMIE. So, CIPLA and SUN PHARMA have not made their management of debtors correctly.

Table-1, also defines that both the companies CIPLA and SUN PHARMA liquidity position has been declined
considerably from 2009-10 to 2018-19. The evaluation of different liquidity ratios between CIPLA and SUN
PHARMA displays that the liquidity position of SUN PHARMA is mostly better than CIPLA. From the above, it is
clear that the liquidity positions of CIPLA and SUN PHARMA were satisfactory. Both the companies implemented a
conservative approach for liquidity management as both the companies have maintained higher liquidity ratios (CR
& LR) as compared to the standard liquidity ratio. SUN PHARMA was more conservative than CIPLA for the study
period.But both the companies are very poor in managing their debtors.

Analysis of Ranking in order of liquidity of CIPLA and SUN PHARMA

To measure the comprehensive liquidity position of CIPLA and SUN PHARMA more accurately, a complete test has
been taken into consideration. Different ratios (expressed as a percentage) like Inventory to current assets ratio,
Debtor to current assets ratio, Cash & Bank to current assets ratio and Other current assets to current assets ratio
have been taken into consideration for the assessment. Accordingly, a procedure of ranking has been used to work
out at an additional inclusive degree of liquidity in which the above stated four ratios are combined in a points score.
A high score describes a reasonably beneficial position and ranking has been assessed correspondingly. But, a low
inventory to current assets ratio gives a more beneficial position and accordingly ranking has appraised respectively.
The final ranking has been done on the norm that lower the points scored the better are the liquidity position and
vice versa.

Table 2 shows that the liquidity position of the CIPLA is best during the study period i.e. in the years 2009-10 & 2018-
19. The year 2017-18 is in the second position followed by the years 2016-17, 2010-11 & 2011-12, 2015-16, 2012-13,
2014-15 and 2013-14 correspondingly in that order. So, the disparity in the liquidity position under different years of
the study period can be a point for analysis into the financial performance of the CIPLA. Table 3 shows that the
liquidity position of the SUN PHARMA is best during the study period i.e. in the year 2013-14. The year 2016-17
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stood the second position followed by the years 2014-15, 2017-18, 2015-16, 2018-19, 2011-12 and 2009-10, 2010-11 &
2012-13 correspondingly in that order. It reveals that the comprehensive liquidity position of SUN PHARMA in the
second half of the study period was better as compared to that in the first half. So, the difference in the liquidity
position in different years of the study period can be a point for analysis into the financial performance of the SUN
PHARMA.

Analysis of Spearman’s Rank Correlation between Liquidity and return on total assets (ROTA) of
CIPLA

Table 4 displays the study of the overall profitability of CIPLA and calculates the t-test between liquidity and return
on total assets (ROTA). It also shows the degree of association among liquidity and profitability of CIPLA by using
Spearman’s rank correlation coefficient. Here the composite ranks of liquidity (as given in Table 2) and the ranks of
profitability (ROTA) have been taken for the analysis. It is observed from Table 4 that the company’s ROTA
decreased significantly over the study period 2009-10 to 2018-19. The average ROTA is 12.99% during the study
period. The variation is from 6.93% to 19.07%. The computed t value is 1.83 and P-value is 0.50. It is found that there
is no significant difference between liquidity and profitability at 5 percent level. Therefore the null hypothesis (there
is no significant difference between liquidity management on financial performance of CIPLA) is accepted. The table
shows that the rank correlation coefficient between liquidity and ROTA is -0.52; there was a negative correlation
between liquidity and profitability of CIPLA throughout the study period. So, CIPLA cannot able to manage its
liquidity in an efficient manner so as to safeguard its liquidity position and incapable to achieve higher profitability
combination.

Analysis of Spearman’s Rank Correlation between Liquidity and return on total assets (ROTA) of
SUN PHARMA

Table 5 shows the analysis of the overall profitability of SUN PHARMA and the t-test between liquidity and return
on total assets (ROTA). It also tried to assess the degree of association among liquidity and profitability of SUN
PHARMA by using Spearman’s rank correlation coefficient. Here the composite ranks of liquidity (as given in Table
3) and the ranks of profitability (ROTA) have been taken for the analysis.

Table 5 depicts return on total assets, t-test and P-value of SUN PHARMA over the study period. ROTA of SUN
PHARMA has dropped significantly over the study period. The average ROTA is 21.55% during the study period.
The variation is from 0.05% to 37.43%. The calculated t value 1.83 and P-value of 0.50 which was found that there is
no significant difference between liquidity and profitability at 5% level. Therefore the null hypothesis (there is no
significant difference between liquidity management on financial performance of SUN PHARMA) is accepted. It
shows that the rank correlation coefficient is -0.60; there was a negative correlation between liquidity and
profitability of SUN PHARMA during the study period. Consequently, SUN PHARMA cannot able to manage its
liquidity in an efficient manner so as to safeguard its liquidity position and incapable to achieve higher profitability
combination.

CONCLUSION

A momentous weakening trend to meet the current obligation and immediate debt paying capability of both the
sample companies CIPLA and SUN PHARMA was experiential through the study period. Additionally, the
capability in managing the liquidity of the companies treaded down particularly by the passage of time throughout
the study period. All financial ratios except debtor turnover ratio relating to the liquidity of CIPLA and SUN
PHARMA have worsened extremely with the passage of time. All these objectionable appearances have conclusively
a contrasting impression on the overall liquidity position of CIPLA and SUN PHARMA. Both the companies
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implemented a conservative approach for liquidity management as both the companies have maintained higher
liquidity ratios (CR & LR) as compared to the standard liquidity ratio. SUN PHARMA was more conservative than
CIPLA for the study period. But both the companies are very poor at managing their debtors. It does not match the
rank correlation coefficient between liquidity and profitability as there was a negative correlation between liquidity
and profitability of both the companies CIPLA and SUN PHARMA during the study period. For SUN PHARMA the
rank correlation between liquidity and profitability is a highly negative correlation as compare to CIPLA during the
study period. An additional distinguished consequence of the study is that the relationships between the foremost
liquidity and profitability indicators of the companies during the study period have no significant difference at 5
percent level. Therefore the null hypothesis (there is no significant difference between liquidity management on
financial performance of CIPLA and SUN PHARMA) is accepted. It also reveals from the study that the overall
profitability of the companies has come down considerably throughout the study period. This mainly due to the fact
the companies cannot able to maintain the efficiency of all components of current assets throughout the study period.
In the comparison between different liquidity ratios of CIPLA and SUN PHARMA it is clear that the liquidity
position of CIPLA is better than SUN PHARMA for the study period. From the analysis, it originates that both the
company’s return on total assets has also come down suggestively with the decrease in the liquidity position.
However, both the companies CIPLA and SUN PHARMA cannot able to manage their liquidity in an efficient
manner so as to safeguard its liquidity position and incapable to achieve higher profitability combination for the
study period.
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Table 1Financial Ratios relating toLiquidity Management of CIPLA and SUN PHARMA

Current Ratio Liquid Ratio Inventory Turnover Ratio | Debtor Turnover Ratio
Year
Cipla Phsaur:w Cipla PhSaurrrlwa Cipla Pffaurrr]na Cipla P:aurrr]na
2009-10 3.13 4.46 2.05 3.24 3.75 3.71 3.62 3.39
2010-11 3.33 3.87 1.96 3.00 3.32 3.90 4.24 5.06
2011-12 2.65 354 1.56 2.80 3.79 3.89 4.52 391
2012-13 3.07 3.02 1.64 2.39 3.47 4.45 4.96 4.23
2013-14 2.77 2.94 1.38 2.46 3.53 5.21 6.23 7.40
2014-15 2.53 2.44 1.28 2.00 3.03 4.89 5.72 522
2015-16 2.20 351 1.26 2.88 3.62 4.44 5.85 4.20
2016-17 2.25 3.08 1.37 2.55 4.20 4.62 5.71 4.38
2017-18 2.55 2.85 1.58 2.30 3.76 3.85 491 3.39
2018-19 2.59 3.33 1.66 2.55 4.13 3.69 3.94 3.27
Average 2.71 331 1.57 2.62 3.66 4.26 4.97 4.45
Minimum 2.20 2.44 1.26 2.00 3.03 3.69 3.62 3.27
Maximum | 3.33 4.46 2.05 3.24 4.20 521 6.23 7.40

Table 2 Statement of Ranking in order of liquidity of CIPLA

Cash and Bank | Other Current
Inventory to Debtor to .
Year Current Assets | Current Assets Balance to Assets to Total | Ultimate
Current Assets | Current Assets | Rank Rank
% Rank % Rank % Rank % Rank
2009-10 | 34.63% 1 35.87% 2 1.41% 10 28.07% 1 14 15
2010-11 | 41.20% 6 32.22% 5 2.07% 8 24.50% 3 22 55
2011-12 | 41.16% 5 34.57% 3 2.01% 9 22.26% 5 22 55
2012-13 | 46.46% 8 32.48% 4 2.78% 7 18.27% 8 27 8
2013-14 | 50.30% 10 28.47% 8 3.04% 6 18.19% 9 33 10
2014-15 | 49.31% 9 26.14% 10 7.36% 3 17.19% 10 32 9
2015-16 | 42.59% 7 26.36% 9 9.75% 1 21.30% 7 24 7
2016-17 | 39.21% 4 28.83% 7 7.02% 4 24.94% 2 17 4
2017-18 | 37.91% 3 29.08% 6 9.05% 2 23.97% 4 15 3
2018-19 | 35.64% 2 37.31% 1 5.56% 5 21.49% 6 14 15
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Table 3 Statement of Ranking in order of liquidity of SUN PHARMA

=
0]

[=]

Inventory to Debtor to Cash and Bank Balance | Other Current Assets Total | Uttimate
Year Current Assets | Current Assets to Current Asset to Current Assets Rank Rank
% Rank % Rank % Rank % Rank
2009-10 | 27.38% 10 29.95% 1 11.27% 10 27.18% 6 27 9
2010-11 | 22.37% 8 17.26% 8 33.11% 6 27.26% 5 27 9
2011-12 | 20.94% 6 20.86% 5 33.79% 5 24.41% 9 25 7
2012-13 | 21.03% 7 22.11% 3 33.11% 7 23.76% 10 27 9
2013-14 | 16.50% 1 11.63% 10 40.10% 1 31.77% 1 13 1
2014-15 | 17.94% 3 16.82% 9 34.81% 4 30.43% 3 19 3
2015-16 | 18.01% 4 19.00% 6 36.97% 3 26.01% 8 21 5
2016-17 | 17.19% 2 18.12% 7 38.10% 2 26.59% 7 18 2
2017-18 | 19.20% 5 21.80% 4 27.70% 8 31.29% 2 19 4
2018-19 | 23.51% 9 26.49% 2 21.69% 9 28.31% 4 24 6
Table 4. Rank Correlation between Liquidity and ROTA of CIPLA
Year ROTA (%) | Ranking based on ROTA Ranking of Liquidity

2009-10 19.07% 1 15

2010-11 15.29% 4 55

201112 | 16.26% 3 55 Spearman’s rank

201213 | 18.73% 2 8 Correlation

2013-14 | 13.86% 5 10 coefficient

2014-15 10.95% 6 9 Between Ilqwdlty and

201516 | 10.12% 7 7 ROTAIs 0.18

2016-17 6.93% 10 4 and tvalue is 1.83.

201718 929% 9 3 P va.lue. is .0..50 being

2018-19 9.44% 8 15 |ns.|gn|f|cant

. : difference

Average 12.99% at 5% level
Minimum 6.93%
Maximum 19.07%

Table 5 Rank Correlation between Liquidity and ROTA of SUN PHARMA
Year ROTA (%) | Ranking based on ROTA | Ranking of Liquidity

2009-10 33.83% 2 9

2010-11 32.81% 3 9

2011-12 37.43% 1 7 Spearman's rank

2012-13 30.25% 4 9 Correlation coefficient

2013-14 23.83% 5 1 Between liquidity and

2014-15 0.05% 10 3 ROTA is -0.60

2015-16 15.95% 7 5 And t value is1.83.

2016-17 22.02% 6 2 P value is 0.50 being

2017-18 8.26% 9 4 insignificant difference

2018-19 11.04% 8 6 at 5% level

Average 21.55%
Minimum 0.05%
Maximum 37.43%
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ABSTRACT

Let I' be a simple graph, the vertex connectivity of I' is the minimum number of vertices whose removal cause a
disconnected or trivial graph. In general vertex connectivity called connectivity of the graph T".

The spectrum of I consists of the eigenvalues together with their multiplicities of the adjacency matrix of the graph
I.

In this article, we will investigate and construct a relation between graph spectrum and connectivity of certain types
of simple graphs.

Keywords : Graph, connectivity, matrix, spectrum.

INTRODUCTION

There are several reasons for the interest in the theory of graph spectrum. It has many applications in engineering
fields and many branches of mathematics. The theory of graph spectrum can be considered as a method of using
linear algebra as a tool in graph theory and its applications. Now we will present some basic definitions which will
be used in the sequal.

Definition 1.1: A graph I in an unordered triple (V(I'),E(T'),R); where V(I') in a nonempty set of I' an unordered pair
of vertices.

Definition 1.2: A graph I in called simple graph if its undirected graph with no loops and no parallel edges.
Definition 1.3: The valency of a vertex v in I is the number of edges incident with it.

Definition 1.4: A graph I is called k-regulars if valancy of v equalk forall vin T.
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Definition 1.5: A graph I' with n vertices is called a complete graph if every vertex of I' adjacent with rest vertices in
I', denoted by Kn.

Definition 1.6: A complete bigraph Km,n is a graph with two disjoint sets of vertices and every vertex in the first set
adjacent with all vertices in the second set.

Definition 1.7: A star graph (S(1,n)) is a tree consists of one root and n end vertices.
Definition 1.8: A graph I' is connected if there exists at least one path between any two distinct vertices in I'.

Definition 1.9: The vertex connectivity of a graph I' is the minimum number vertices whose removal cause a
disconnected or trivial graph and its denoted by VC(T').

Definition 1.10: The adjacency matrix A(I') = A = [aij] of a labeled graph I' with n vertices is an n x n matrix aij =1, if
vi adjacent with vj and 0, otherwise.

Definition 1.11: The determinant of the matrix ( A - A(I')) is called the characteristic polynomial of the graph T,
denoted by P(A)=a0 An+al A™D+ ... +an

Definition 1.12: The eigenvalue of A(I') are the roots of P(A).

Definition 1.13: The spectrum of the graph I consists of the eigenvalus of A(I') with their multiplicities, denoted by
spec(I).

SPECTRUM OF SIMPLE GRAPHS

Now we will introduce some basic results which will be used in the sequal.
Theorem 2.1 ( Kolman.B.[4]): All the roots of the characteristic polynomial of a real symmetric matrix are real
numbers.

Theorem 2.2 (Biggs.N.[1]): Let T be a k-regular graph. Then:

1) kis an eigenvalue of T'.
2) I' is connected, if the multiplicity of k is one.

3) For any eigenvalue A of T'. Al <k.

Theorem 2.3 (Biggs.N.[1]): LetI" be connected graph with n vertices and diameter d. Then I' has atleastd + 1, and at
most n distinct eigenvalues.

Theorem 2.4 (Cvetkovic.D.[2]): Let I be a connected graph with m distinct eigenvalues. Then diameter of I' < m-1.
Theorem 2.5 (Cvetkovic.D.[2]): Let I be a connected k-regular graph with n vertices, let A be a simple eigenvalue of
I'. Then

1) A=k, ifnis odd.

2)A=2g-K,/ifniseven,qe{01,...K}.

Theorem 2.6 (Biggs.N.[1]): Let I be a k-regular graph with n vertices, let P(A) = An+ al An-1 + ... + an. Then , the
following hold:

1)al=0

2)a2=-ET)
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3) —a3/2 =Number of K3 inT.

Theorem 2.7 (Kassasbeh.S.[5]): Let Pn be a path graph. Then
Spec(Pn) ( 0 Jn-2 7\572) =
n—2 1 1
Theorem 2.8 (Wrikat.F.[6]): LetI be a complete graph with n vertices. Then

Spec (Kn)= (n—l -1
1 n—1

Theorem 2.9 (Wrikat.F.[6]): Let I be a bipartite graph with m + n vertices. Then

Spec(km.n) = (\"mn 0 *men)
1 m+n—2 1

Theorem 2.10: Let I be a star graph with n+1 vertices, S(1,n). Then
Spec(S(1,n)) = ;
pec(S(Ln)) (0
1 n-1 1

Proof: Let I be a star graph S(1,n).
Since S(1,n) isomorphic to K1,n. So by previous theorem the result holds.

SPECTRUM OF GRAPHS AND CONNECTIVITY

In the following sequel we will introduce and construct relation between spectrum of graphs and vertex connectivity
of certain types of simple graphs.

Theorem 3.1 (Fielder.M.[3]):
1) VC (Disconnected graph) = 0
2) VC (Graph with cut-vertex) = 1
3) VC (Kn) =n-1

Theorem 3.2: Let T be a simple graph. Then
1) The vertex connectivity of Km,n is minimum (m,n)

2) The vertex connectivity of S(1,n) is 1

3) The vertex connectivity of of Pn is 1

4) The vertex connectivity of Cn is 2

5) The vertex connectivity of k-regular is K

Proof:
1) Let T be a bigraph Km,n, soI" consist of two disjoint set of vetices, the vertices in the first set have valences n, and
in the second have valence m, thus removing the min (m,n) disconnect the graph I'.

2) Let I be a star graph S(1,n), so the root vertex is a cut vertex. Hence removing the root cause a disconnect graph.

3) Let I be a path graph Pn, since Pn have n-2 cut vertices. Then VC(Pn) =1
4) Let I be a cycle graph Cn. Then removing any two nonadjacent vertices disconnect the graph I'.
5) Let I be a k-regular graph , since the minimum valancy in I is K, so removing K vertices disconnectI".
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Theorem 3.3 (Fielder.M[3]): For any graph I'. VC(TI') = minimum valancy in T
Theorem 3.4 (Fielder. M[3]): Let I be a k-regular graph with n vertices. Then Spec(I') = { A1,A2,...,An}, then A1 =K.
Theorem 3.5: Let I be a k-regular graph with n vertices. Then VC(I')<A1.

Proof: Let I be a k-regular graph, |V(I')| =n. So Spec(I') = {A1,A2,...,An} , A1 2 A2 > ... 2 An. and since maximum
valancy equal A1 =K. Thus VC(I') = Al.

Theorem 3.6: Let I' be a complete graph Kn, and let Spec(I') = {A1,A2...,An} Then VC(')=A1,A1>2A22>... 2 An.

n—1

Proof: Let I" be a complete graph Kn, since Spec(Kn) =_;( 1

’11), and Kn is (n-1)-regular, so Kn is n-1 = Al.

n—

Theorem 3.7: Let I be a bigraph Kmn, let {A1,A2,...,An} be the eigenvalue of I', where A1>A2>... > An. Then VC(T') <
Al.

Proof: Let I be a bigraph Kmn, since Spec (Kmn),= (\[m“ 0 —‘fm”), so maximum eigenvalue is Vmn = A1,
and since Ymn > minimum (m,n). so VC(Kmn) < A1.. 1 omin=2 1
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ABSTRACT

The age of Indian major carp Catla catla, minor carp Cirrihinus reba and snakehead Ophiocephalus striatus
was determined by scale analysis method. Different length parameters were measured and length-weight
comparison was also done. Scale analysis method was found to be the most suitable method for
estimating age. Growth rate of Catla catla was found to be faster than that of Cirrihinus reba. The age
group was divided as 0+ and 1+ for below 1lyr of age and more than lyr of age respectively. No
significant variation was seen, rather the samples were found similar with each other. No adverse
environmental impact was found on any species. The intra-specific and inter-specific correlation and
ANOVA results indicate a +ve relationship among the species.

Keywords: age determination, scale, Catla catla, Cirrihinus reba, Ophiocephalus striatus.

INTRODUCTION

Age determination of fish provides vital information on sexual maturity, spawning time, catchable size, growth rate
and lifespan (Ujjania, 2012). These parameters are very essential in fishery. There are four main methods of
determining age and growth in fishes: i.Peterson’s method of length-frequency analysis, ii.Analysis of scale and other
hard parts, iii.Rearing of fish in captivity and observing their growth rate along with analysis of scale, otolith etc.,
iv.Tagging live fishes in their natural condition after noting essential data and re-examine those fishes after particular
interval to observe the changes (Seshappa, 1999).However the last method is not that much easy as only few tagged
fishes get recovered. Scale analysis is mostly preferred because it is affordable and quick (Das, 2012). Scales can be
used without sacrificing the fish. Therefore, this study is highly significant for fishery management and conservation
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(Bhatt, 2018). In case of trees, age can be estimated by counting the annual rings in the cross section of trunk.
Similarly counting the number of annuli of fish scale provides its age.These annuli or lines of growth usually develop
once a year.Age and growth studies are essential in understanding the dynamics of fish population and annual
variation.It also represents the effect of various biotic and abiotic factors on the organism (Mayank, 2015).

Catla catla (Hamilton, 1822) is the fastest growing carp species (Mitra, 1942). Cirrihinus reba (Hamilton, 1822) is a
common Indian minor carp like Labeo bata. Ophiocephalus striatus (Bloch, 1793) is also called as snakehead which is
highly rich in nutrients.All these three freshwater fishes have high consumer preference. Several authors have
studied on the age and growth of fish on the basis of scale analysis. Johal and Tandon have concluded that the
riverine Catla catla have better growth rate than those of reservoirs. Prakash and Gupta have studied the growth rate
in all the three major carp species and found out that their growth rate is faster during the first five years of life and
then becomes slower. The present study is based on estimating the age and growth rate in Catla catla, Cirrihinus reba
and Ophiocephalus striatus which will be helpful in various fishery aspects.

MATERIALS AND METHODS

Freshwater fishes Catla catla, Cirrihinus reba and Ophiocephalus striatus were collected from the local areas of
Bhubaneswar from October 2019 to February 2020.All the experiments were done inside the laboratory of
Department of Zoology, Centurion University of Technology and Management, Bhubaneswar. Measurements were
taken with the help of a measuring tape. Weight and sex were also recorded. Scales from each fish were removed
from the region below the dorsal fin and above the lateral line.10-12 scales were taken from each fish and kept
separated. Isolated scales were washed in tap water and scrubbed gently between fingertips to remove mucus and
dust particles. Then they were dried on a tissue paper. To make scales more clear and soft, they were kept inside the
weak solution of KOH for 5mins; then again washed with tap water and dried. Scales were then placed in 30%, 50%
and 70% alcohol for about 5mins to dehydrate. After that they were stained with Eosin and washed with 70% alcohol
to remove excess stain. Again the scales were dehydrated with 90% alcohol for 5mins.Finally the scales were placed
over slide, covered with cover slip and observed under compound microscope (10x).The number of complete annuli
or rings were counted and noted down properly.

RESULTS

Catla catla, Cirrihinus reba and Ophiocephalus striatus (n=5) samples were collected having the mean length of
38.86+3.61cm, 34.18+1.98cm and 39.9+3.55cm respectively. Besides the total length, other measurements were also
noted down such as: the fork length, standard length, head length, pre-pelvic length, pre-dorsal length, dorsal fin
base length, caudal peduncle length, body depth, peduncle depth, pre-orbital length, eye diameter, post-orbital
length, pectoral length, pelvic fin base length and anal fin base length. All the morphometric data were tabulated.
Then the mean and standard deviation of each parameter were calculated. The mean weight of Catla catla samples
was 686gm, Cirrihinus reba was 446gm and Ophicephalus striatus was 762gm. The male-female ratio was 2:3 in Catla
catla, 1:4 in Cirrihinus reba and 2:3 in Ophiocephalus striatus. One of the Catla catla females and both the Ophiocephalus
striatus males were found to be more than 1yr of age but all the Cirrihinus reba samples were below 1yr age.

DISCUSSION

The scales of all these three species are cycloid. Focus, radii, true ring and false ring were distinguished properly.
Circuli were very clearer.The age group was categorized as 0+ for below 1yr age and 1+ for more than 1yr of age. One
Catla catla sample and two Ophiocephalus striatus samples showed 1 complete ring formation on their scales. So they
were placed under 1+ age group. Those samples which didn't show any annual ring formation were placed under 0+
age group. Under 0+ age group, Catla catla showed better growth rate than Cirrihinus reba which justifies that Catla
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catla is the fastest growing carp species (Mitra, 1942).From the correlation table it can be seen that there is no
significant deviation among the samples. It indicates that there is no adverse environmental effect on them. From
ANOVA it was observed that in all the three species, the degree of freedom (df) between groups is 4 and within
groups is 75. The value of p between groups is 0.97 in Catla catla, 0.99 in Cirrihinus reba and 0.97 in Ophiocephalus
striatus. Similarly the value of F between groups is 0.12 in Catla catla, 0.05 in Cirrihinus reba and 0.13 in Ophiocephalus
striatus.

CONCLUSION

The results indicate that all the samples were in good health condition and showed optimum growth in their
habitat. They were found to be devoid of any adverse environmental effect. It can be concluded that the scale analysis
method is the simplest method for estimation of age in fishes. The correlation and ANOVA results indicate the +ve
relationship among the species. The present findings on age and growth analysis will be useful in fishery
management.
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Catla catla 1 Catla catla 2 Catla catla 3 Catla catla 4 Catla catla 5
Catla catla 1
Catla catla 2 0.99999
Catla catla 3 1 0.99999
Catla catla 4 1 0.99999 1
Catla catla 5 1 0.99999 0.99999

Table.2 Correlation results of Cirrihinus reba samples

Cirrihinus reba 1

Cirrihinus reba 2

Cirrihinus reba 3

Cirrihinus reba 4

Cirrihinus reba 5

Cirrihinus reba 1

Cirrihinus reba 2 1

Cirrihinus reba 3 1 0.99999

Cirrihinus reba 4 0.99999 0.99999 0.99999

Cirrihinus reba 5 1 0.99999 0.99999 0.99999

Table.3 Correlation results of Ophiocephalus striatus samples

Ophiocephalus Ophiocephalus Ophiocephalus Opbhiocephalus Ophiocephalus
striatus 1 striatus 2 striatus 3 striatus 4 striatus 5

Ophiocephalus

striatus 1
Ophiocephalus 1

striatus 2
Ophiocephalus

. 1 1

striatus 3
Ophl(_JcephaIus 1 0.99999 1

striatus 4
Ophiocephalus 1 1 0.99999 0.99999

striatus 5

Fig.1 Catla catla

Fig.2 Cirrihinus reba

Fig.3 Ophiocephalus striatus
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Fig.4 Scale of C. catla shoing
focus (0+ age group)
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Fig.5 Scale of C. catla showing
margin (0+ age group)
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Fig.6 Scale of C. catla showing
annual ring (1+ age group)
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Fig.7 Scale of C. reba (0+ age
group)

Fig.8 Scale of O. striatus showing
annual ring (1+ age group)

Fig.9 Scale of O. striatus showing
annual ring (1+ age group)
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ABSTRACT

Microalgal lipids are the oils of the future for imperishable biodiesel production. The objective of this wor