
ABSTRACT
The aim of this study was to investigate the effects of daily oral feeding 8% and 15% of powdered leaves of Murraya koenigii leaves 
(MKL) (commonly knoun as curry) and Brassica juncea seeds (BJS) (commonly knoun as mustard) for 45 days on serum glucose 
concentration, serum lipids, liver and kidney functions in diabetic rats. A total of 36 adult male albino rats (Sprague Dawley strain) 
weighting 1592.4g each were used in this investigation. Non- diabetic control (-) (6 rats) were fed basal diet ,while diabetic control 
(+) main group (30) rats divided into five groups after injected with alloxan (150mg/kg), at the end of the experiment, weight gain 
was calculated. Liver of each rat were removed rapidly then weighted separately. Blood samples were used for estimation of fasting 
serum glucose, ALT, AST, ALP, triglycerides, total cholesterol, high density lipoprotein (HDLc), low density lipoprotein (LDLc), very 
low density lipoprotein (VLDLc). Data  showed that serum AST and ALT levels declined significantly (p< 0.05) in all treated groups  
fed on 7% and 15% curry and mustard compared with diabetic positive control. Moreover, both spices resulted in reduction of serum 
total cholesterol and LDLc + VLDLc a companied with an increase in the HDLc and significantly lowering of serum glucose levels. 
Thus, these plants can be best utilized by promoting them as preferable food for diabetic patients.

KEY WORDS: DiABeTeS MeLLiTuS, M. KoeNigii, Curry, BrASSiCA JuNCeA, MuSTArD, TrigLyCeriDeS, 
CHoLeSTeroL, gLuCoSe.

INTRODUCTION

The World Health organization (WHo) projected that 80% 
of the population relies on traditional medicine, which was 
elucidated by the 19.4 billion uSD global revenue for herbal 
remedies in 2010 (ujowundu et al., 2010). Moreover, the 
demand for traditional medicinal plants is increasing; for 
instance, the market for medicinal plants is expanding at 
an annual rate of 20% in india. Likewise, in China, 30% to 
50% of the total medicinal consumption and around 90% 
of the german population uses natural remedies for certain 
health issues (Kang et al., 2018; Phumthum and Balslev, 
2018; raghu, 2020).

Therefore, medicinal plants are used in both developing 
and industrialized countries. Curry leave (Murraya koenigii 
(L.) Spreng) is an aromatic, tropical, and sub-tropical plant 
with several culinary, nutraceutical, medicinal, therapeutic 
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values (Wojdyło et al., 2007; reddy et al., 2018). Though 
curry leave is an ancient crop native to india, its nutritive 
and medicinal values are not enough known yet (raghu, 
2020). The medicinal properties of M. koenigii have been 
recorded to several chemical constituents of different 
carbazole alkaloids and other metabolites, like terpenoids, 
flavonoids, phenolics, carbohydrates, carotenoids, vitamins, 
and nicotinic acid from different parts of the M. koenigii tree 
(Balakrishnan et al., 2020).

in recent years, limited studies have been conducted for 
evaluating the pharmacological and medicinal efficacy of 
M. koenigii in promoting health benefits and curing disease. 
M. koenigii has numerous disease remedial activities, for 
instance, different parts of the plant, such as the leaves, 
roots, and bark, can be prepared as tonics for inducing 
digestion and flatulence or as antiemetics (Mandal et al., 
2010; Adebajo et al., 2006). The leaves and roots are also 
useful in managing blood disorders (Sim and Teh., 2011; 
Dar et al., 2017; Zang et al., 2017; Balakrishnan et al., 2018; 
Balakrishnan et al., 2020).
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Balakrishnan et al., (2020) review described the 
pharmacological activities of the major components of M. 
koenigii against different pathological conditions. Moreover, 
M. koenigii showed significantly decreased glycemic levels 
and protected the animals against the development of 
diabetic neuropathy (Tembhurne and Sakarkar., 2010). in 
addition, M. koenigii showed a significant decrease in blood 
glucose, HbA1C, and altered lipid profile. M. koenigii was 
reported to extend a protective effect in liver impairments in 
chronic alcoholism and was proved effective in maintaining 
the enzymatic oxidant status (Shah et al., 2015; Husna et al., 
2018, Suman et al., 2019). When gul et al. (2012) tested M. 
koenigii, they found it was inhibited α glycosidase. 

These Alpha-glucosidase inhibitors are widely used in 
the treatment of patients with type 2 diabetes. in most 
developing countries, medicinal plants play a helpful role in 
managing diabetes mellitus due to their cost effectiveness. 
Diabetes mellitus, a metabolic disorder, is becoming a 
serious threat to human health. During the past few years, 
many phytochemicals responsible for anti-diabetic effects 
have been isolated from plants. Alkaloids present in the 
leaves of M. koenigii have been explored and reported to 
have inhibitory effects on the aldose reductase enzyme, 
glucose utilization, and other enzyme systems for extending 
anti-diabetic effects (Patel et al., 2012).
 
recently, it has been reported that the M. koenigii 
significantly reduced the glycosylated hemoglobin in the 
treated group compared with the Control group (Suman et 
al., 2019). in addition, M. koenigii exhibited a profound 
antioxidant effect by reducing the malondialdehyde 
(MDA) level, increasing the gSH level, and significantly 
decreasing the homeostatic model assessment (HoMA)-
insulin resistance index. overall, it is evident that M. 
koenigii possesses antidiabetic activity and has antioxidant 
effects in rats (Husna et al., 2018; Bhatt et al., 2020). The 
aqueous seed extract of the Brassica juncea medicinally 
valued plant clearly envisaged the hypoglycemic effect. 
This might be due to the time taken for the intestinal 
absorption of the aqueous seed extract of B. juncea (Ahad 
et al., 2010; Mohammad et al., 2010). The hypoglycemic 
effect of the seed extract of B. juncea was attributed to 
stimulation of glycogen synthesis leading to an increase 
in hepatic glycogen content and suppression of glycogen 
phosphorylase and other gluconeogenic enzymes (Khan et 
al., 1995 & Xu et al., 2011).

Previous reports have demonstrated that the leaves, 
roots, and bark of the plant are rich sources of carbazole 
alkaloids, which produce potent biological activities and 
pharmacological effects. The present study provides insight 
into the major components of M. koenigii (leaves and seed) 
and their pharmacological activities in the management 
of serum glucose concentration, serum lipids, and liver 
functions in alloxan-induced diabetic rats.

MATERIAL AND METHODS

The studied samples of Murraya koenigii (MKL) (curry 
leaves powder) and Brassica juncea (BJS) (mustard seeds) 

were obtained from the local market of Al-Taif region, 
Makkah province, KSA.

Animals: A total of 36 adult male albino rats (Sprague 
Dawley strain) were used in the investigation. Animals 
were obtained from Laboratory Animal Centre, Department 
of Biochemistry, Faculty of Medicine, umm Al-Qura 
university, Makkah, KSA. each rat was housed in a special 
cage under controlled condition. All rats were fed for 7 days 
on the control diet before the beginning of the experiment. 
rats were weighed after 7 days separately then were 
weighed once a week for 6 weeks. The diet was presented 
to rats in special covered cups to avoid food loss, water was 
provided. At the end of the experiment rat were killed and 
organs weight was recorded.

Induction of diabetic rate and experimental design: 
rats were divided into two main groups the first groups 
(6 rats) fed on basal diet as a negative control (-). For the 
second group (30 diabetic rats), diabetes mellitus was 
induced in overnight fasted rats by a single intraperitoneal 
Streptocytocin (STZ) injection (65 mg/kg b.w.) (ravi et 
al., 2004). After 3 days, fasting blood glucose levels were 
measured and the animals showing blood glucose level ≥225 
mg/dL were used for the study (ewart et al., 1975). rats 
having fasting serum glucose 190 mg/dl were considered 
diabetic (NDDg, 1994). Diabetic rats were divided into 5 
groups, 6 rats each, and fed experimental diets for 45 days 
as follows: group 1: Diabetic standard group; positive group 
(+). group 2: Fed on basal diet + 7% MKL powder. group 
3: Fed on basal diet + 15% MKL powder. group 4: Fed on 
basal diet + 7% MKS powder. group 5: Fed on basal diet 
+ 15% MKS powder.

Diets: The basal diet consists of casein (12 %), corn oil 
(10 %), choline chloride (0.2 %), cellulose (5%), vitamin 
mixture (1 %) (Bunce and Bloomer, 1972), salt mixture (4 
%) (Hegested et al., 1941) and corn starch (up to 100 %).

Blood sampling: At the end of the experiment, rats were 
fasted overnight and anesthetized with chloroform. Blood 
samples were collected in clean dry centrifuge tubes from 
hepatic portal vein. Blood was centrifuged for 10 minutes 
at 3000 rpm to separate serum, which was kept in tubes 
at– 18°C until analysis. organs were taken, washed with 
saline solution (10% Nacl) and dried with filter paper, then 
weighed and kept in freezer until analysis.

Biochemical analysis: Serum blood glucose was 
determined according to the method of (Trinder, 1969). 
Serum aspartate and alanine amino transferees (AST, ALT) 
and alkaline phosphatase (ALP) were determined by using 
enzymatic colorimetric method after (reitman and Frankel, 
1957; and Haussement, 1977), respectively.Serum total 
cholesterol, triglyceride (Tg) and high-density lipoprotein 
cholesterol (HDLc) were determined by using enzymatic 
colorimetric method (NiHP, 1987; young and Pestaner, 
1975; Fendewaid, 1972; & grodon and Amer, 1977), 
respectively. The determination of low-density lipoprotein 
cholesterol (LDLc) and very low-density lipoprotein 
cholesterol (VLDLc) were carried out according to the 
method of (Lee and Nieman, 1996) as follows: VLDLc 
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= Tg /5 and LDLc =Total cholesterol – HDLc – VLDLc. 
Atherogenic indices were calculated as HDLc /T. cholesterol 
% and LDLc / HDLc (Castelli and levitar, 1977).

Histopathological examination of some internal 
organs: Specimens from liver were collected from rats 
of all experimental groups at the end of the experimental 
period, fixed in 10% neutral buffered formalin (pH=7.0), 
dehydrated in ethyl alcohol, then cleared in xylol and 
embedded in paraffin; 4-6 microns thickness sections 
prepared and stained with heamtoxylin and eosin for 

examining both for and glandular parts of the stomach 
(Bancroft and gamble, 2008). 

Statistical Analysis: Statistical analyses were performed 
by using computer program, statistical package for social 
science version 24 for windows. Data were expressed as 
mean standard deviation (SD). Paired-sample t-test was 
used to compare the parameters between controls positive 
group and diabetic rats groups. A P-value less than 0.05 
was considered statistically significant.

Groups
Variables Control (-) Control (+)                     MKL                          MKS
   7% 15% 7% 15%

glucose 101±2.1*** 205.3±8.8 116.1±4.2* 108.1±1.9** 120±5.1* 117.5±2.1**

Data are expressed as Mean±SD of six experiments. A P-value less than 0.05 was considered statistically 
significant. Parameter of positive group were compared to negative group, and treated groups. *(P≤ 0.05) 
significant change; **(P≤ 0.01) high significant change. ***(P≤ 0.01) very high significant change.

Table 1. Fasting Serum Glucose (mg/dl) for Diabetic Rats Fed on 
Curry Leaves and Mustard Seeds for 45 Days.

Groups
Variables Control (-) Control (+)                     MKL                          MKS
   7% 15% 7% 15%

AST 22.8±1.5*** 48.9±2.1 34.1±2.4* 31.3±2.2* 40.2±1.4* 33.6±1.8*
ALT 27.1±3.5** 49.1±2.1 29.3±3.2** 27.2±1.1** 37.8±1.4 31.6±1.1*
ALP 148.3±22.7*** 393.6±51.3 201±43.5** 208±12.3** 301 ±15.1 249.2±5.1*

Data are expressed as Mean±SD of six experiments. A P-value less than 0.05 was considered statistically 
significant. Parameter of positive group were compared to negative group, and treated groups. *(P≤ 0.05) 
significant change; **(P≤ 0.01) high significant change. ***(P≤ 0.01) very high significant change.

Table 2. Fasting Serum AST, ALT and ALP (IU/L) for Diabetic 
Rats Fed on Curry Leaves and Mustard Seeds for 45 Days.

Groups
Variables Control (-) Control (+)                     MKL                          MKS
   7% 15% 7% 15%

Triglyceride 45.7±12.2** 92.3±6.7 50.3±5.9** 43.3±1.9** 51.7±9.3** 47.7±8.8**
Cholesterol 79.4±3.4** 135.7±15.1 121.6±12.2 90.7±16.1* 103.2±12.6* 89.3±2.3**
HDL-C 46.3±6.4* 24.7±1.4 29.3±2.3 31.3±2.2* 29.2±4.8* 36.7±1.8*
VLDL-C 9.14±2.4* 18.46±1.4 10.1±1.2* 8.7±0.4** 10.34±1.9* 9.54±1.8*
LDL-C 23.96±9.5*** 92.54±9.8 82.2±5.4 50.7±10.4** 63.7±11.8* 43.1±4.1**

Data are expressed as Mean±SD of six experiments. A P-value less than 0.05 was considered statistically 
significant. Parameter of positive group were compared to negative group, and treated groups. *(P≤ 0.05) 
significant change; **(P≤ 0.01) high significant change. ***(P≤ 0.01) very high significant change.

Table 3. Fasting Serum Lipid Fraction (mg/dl) for Diabetic Rats 
Fed on Curry Leaves and Mustard Seeds for 45 Days.
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RESULTS AND DISCUSSION

Histopathological Results: examined liver of control, 
untreated rat revealed the normal histology of hepatic 
lobule, which consists of central vein and around it arranged 
highly specialized cells (hepatocytes) (Fig. 1). Concerning 
liver of diabetic rat, it showed vacuolar degeneration of 
hepatocytes as well as focal hepatic haemorrhage (Fig. 
2). examined liver sections of diabetic rat treated with 
5% curry showed vacuolations of hepatocytes especially 
around the central vein (Fig. 3). However, apparent normal 
hepatocytes associated with slight activation of kupffer 
cells (Fig. 4) were noticed in liver of diabetic rat treated 
with 10% curry. examined liver of diabetic rat treated with 
5% mustard showed portal infiltration with few leucocytic 
cells (Fig. 5). Moreover, no histopathological changes were 
observed in examined liver of diabetic rat treated with 10% 
mustard (Fig. 6).

Groups
Variables Control (-) Control (+)                     MKL                          MKS
   7% 15% 7% 15%

LDL/HDL
ratio 0.51±0.021*** 3.75±0.47 2.8±0.29 1.61±0.004* 2.18±0.028 1.17±0.06**
HDL /T.C %
ratio 58.3±3.7** 18.2±2.8 24.1±3.1 34.5±2.9* 28.29±3.5* 41.1±4.7**

Data are expressed as Mean±SD of six experiments. A P-value less than 0.05 was considered statistically 
significant. Parameter of positive group were compared to negative group, and treated groups. *(P≤ 0.05) 
significant change; **(P≤ 0.01) high significant change. ***(P≤ 0.01) very high significant change.

Table 4.  Atherogenic Indices for Diabetic Rats Fed on 
Curry Leaves and Mustard Seeds for 45 Days.

Figure 1: Liver of control untreated rat showing the normal 
histology of hepatic lobule (H and E X 200).

Figure 2: Liver of diabetic rat showing vacuolar degeneration 
of hepatocytes as well as focal hepatic haemorrhage (H and 
E X 200).

Figure 3: Liver of diabetic rat treated with 7% curry 
showing vacuolation of hepatocytes around the central vein 
(H and E X 200).

The current study was performed to evaluate the 
hypoglycemic effect of Murraya koenigii leaves and B. 
juncea seeds in alloxan induced diabetic rats. Diabetes 
is considered one of the major causes of morbidity and 
mortality affecting the elder and middle-aged population 
(guariguata et al., 2014). The long-term use of present 
oral hypoglycemic tablets or insulin is associated with the 

development of resistance and various side effects. The 
traditional herbal options may help in fulfilling these unmet 
needs (Fatima et al., 2012). There are various herbs having 
proven antidiabetic effect such as Memordica charantia, 
Eugenia jambolana, Trigonella foenum graecum, Embilca 
officinalis, Azadirachta indica, Phaseolus vulgaris, and 
Gymnema sylvestere and Murraya koenigii (Fatima et al., 
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2012; Husna et al., 2018; Balakrishnan et al., 2020; Bhatt 
et al., 2020).

Figure 4: Liver of diabetic rat treated with 15% curry 
showing apparent normal hepatocytes associated with 
kupffer cells activation (H and E X 200).

Figure 5: Liver of diabetic rat treated with 7% mustard 
showing portal infiltration with few leucocytic cells (H and 
E X200).

Figure 6: Liver of diabetic rat treated with 15% mustard 
showing no histopathological alterations (H and E X 200).

Murraya koenigii is a well-known curry leave tree. its 
leaves and seeds are used as a spice in food recipe in 
india. its related antidiabetic activity is attributed to alpha 
glucosidase activity of carbazole alkaloids contribute to 

its hyperglycemic activity through antioxidant effect and 
preservation of β-cell function. its Alpha glucosidase 
inhibitory activity prevents digestion of carbohydrates 
and thereby reduces glucose absorption (Kesari et al., 
2007; Lawal et al., 2008; Mangesh et al., 2018). Alloxan 
causes partial destruction of pancreatic β-cells, which leads 
to reduced levels of insulin and consequently resulting 
into hyperglycemia (Szkudelski, 2001; Lenzen, 2008). 
in our results, fasting serum glucose (mg/dl) for diabetic 
rats fed on curry leaves and mustard seeds for 45 days 
showed a significant decline. The hypoglycemic activity 
of curry leaves and mustard seeds could be due to the 
presence of carbazole alkaloids, which possess alpha-
glucosidase inhibitory property (Duraisamy et al., 2012). 
Alpha-glucosidases are enzymes in the digestive tract that 
hydrolyze carbohydrates into glucose. one strategy that 
has been developed to treat type-2 diabetes is inhibition of 
the activity of alpha-glucosidases using synthetic drugs or 
natural drug candidates for the treatment of type-2 diabetes 
mellitus. other possible mechanism of action of curry-
leave-treated group could be potentiating insulin secretion 
from β cells of islets, which leads to reduced blood glucose 
levels (Vinuthan et al., 2004; Samuel et al., 2020).

Moreover, both spices resulted in reduction of serum total 
cholesterol and LDLc + VLDLc accompanied with an 
increase in the HDLc (Virdi et al., 2003). Administration 
of the extracts significantly decreased cholesterol level to 
near normalcy and therefore may reduce the risk of diabetes-
associated cardiovascular diseases.in the present study, the 
B. juncea seed extract augmented the serum insulin levels 
suggesting an improved state of availability of serum insulin 
to control blood sugar. in addition, the present study showed 
that insulin serum augmenting effect was recorded highest 
at the dose of 7% suggesting that the serum insulin effect 
of the seed extract is dose dependent. This might be due to 
the inability of the β cells to recoup from the alloxan effect 
in these (iftikhar et al., 2020). our data showed that serum 
AST and ALT levels declined significantly (p< 0.05) in 
all treated groups fed on 7% and 15% curry and mustard 
compared with diabetic positive control. Damage to the 
structural integrity of the liver is reflected by an increase in 
the activity of this enzyme in the serum, probably because 
of leakage from altered cell membrane structure (Akanji et 
al., 1993; rahman et al., 2001; iftikhar et al., 2020). 

Therefore, increase ALP in serum of the untreated 
diabetic rats confirms damage to the plasma membrane. 
The combination treatment attenuated the elevated 
activity of ALP enzyme in diabetic rats as compared 
with the normal controls. our results illustrated that B. 
juncea seeds consumption significantly lowered the risk 
of atherosclerosis by bringing fall in concentration of 
plasma total cholesterol, LDL cholesterol as well as an 
improvement in HDL-cholesterol levels that is in full 
agreement with other studies described by (Khan et al., 
1996; rusdi et al., 2021). This lipid lowering property of 
B. juncea may be due to its emulsification properties that 
were contained in its water-soluble portion of proteins as 
reported by (Cui, 1997). 
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reduced plasma cholesterol concentration is also affected 
by improved function of LDL receptor, which accelerates 
LDL uptake from plasma (Ness et al., 1996). These findings 
are in favour of former studies, showing that plant has 
cholesterol reducing capacity (o’Brien and reiser, 1979).
Histopathological examination of liver of control, untreated 
rat revealed the normal histology of hepatic lobule, however 
liver of diabetic rat showed vacuolar degeneration of 
hepatocytes as well as focal hepatic haemorrhage especially 
around the central vein. examined liver of diabetic rat 
treated with 5% mustard showed portal infiltration with few 
leucocytic cells thus indicating that the extract of leaves 
and seeds exhibits inhibitory effect against hepatotoxicity. 
These results are in conformity with the previous findings 
(Bhatt et al., 2020; Hend et al., 2021).

CONCLUSION

From the current study, it is concluded that M. koenigii leaves 
and B. juncea seeds were found to show antihyperglycemic 
and hypolipedimic activity. Hence, this compound could be 
used as an oral hypoglycemic agent in diabetes. However 
further studies need to be done to confirm this activity in 
animal models as well as human trials. The consumption 
of the leave and seeds may be potentially beneficial against 
atherogenesis hence protective against cardiovascular 
disease as it possesses quality of lowering the plasma 
cholesterol, triglycerides, LDL-C and improving HDLC. 
Vacuolation of hepatocytes and portal infiltration in liver 
treated with the leave and seed extract respectively further 
indicates a need to evaluate the isolated phytochemicals 
from of the plant for the benefit of mankind. it can be 
achieved by using scientific experimental animal models 
and clinical trials to get the information about their action 
mechanism on the molecular level.
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