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Abstract

Back ground:

Evidences suggest that oxidative stress may play an important role in the etiology of diabetes and diabetic
complications. The free radicals can be encountered by the conventional treatment of diabetes. Alternatively, some
plants and trace elements may be proven to bring desirable results including Coriander and Vanadyl sulfate. To produce
hypoglycemic and anti oxidative effects, expensive and huge amount of these are required.

Objective:

An innovative method should be developed in which the Vanadyl sulfate may be up taken by coriander so that it must
render it non toxic to produce hypoglycemic and anti oxidative effects in diabetic rats.

Material & methods:

150 albino rats were employed. 25 rats were kept normal (Group A). 125 made diabetic by STZ injection. Total 05
groups were identified and developed; each comprised of 25 rats. These were treated by Vanadyl sulfate (Group B),
coriander only (Group C), Vanadyl sulfate up taken by coriander (V+C) (Group D), insulin treated (Group E) and last
one did not receive any treatment (Group F).

Results:

The hypoglycemic effects and total antioxidant activity produced by the Vanadyl sulfate uptaken coriander are
compatible than that of the insulin with negligible difference. All the other employed groups in the study did not reveal
marked hypoglycemic activity. Pharmacological studies of Vanadyl sulfate uptaken herb demonstrated no deleterious
effects.

Conclusion:

The detoxification of vanadyl sulfate has been achieved through possible auto oxidation of this valuable trace element
by coriander. VVanady! sulfate uptaken by coriander acts as antidiabetic agent and shows a considerable insulinomimetic
and total antioxidant activity in the Diabetic rats.
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1 Introduction

The Diabetes affects up to 6% of the population in the world [1]. Diabetes currently affects about 200 million people
worldwide and is expected to reach 333 million by 2025. Almost 10 % of the adult people of Pakistan suffer from
diabetes mellitus [2]. During diabetes, persistent hyperglycemia causes increased production of free radicals especially
reactive oxygen species (ROS), for all tissues from glucose auto-oxidation and protein glycosylation. Free radicals are
generated as by-products of normal cellular metabolism; however, uncontrolled DM is known the best to disturb the
balance between ROS production and cellular defense mechanisms. This imbalance can result in cell dysfunction and
destruction resulting in tissue injury. The increase in the level of ROS in diabetes could be due to their increased
production and/ or decreased destruction by nonenzymatic antioxidants e.g. Vitamin A, C and E and enzymatic
antioxidants which may include Catalase (CAT), glutathione peroxidase (GSH-Px), and superoxide dismutase (SOD)
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[3]. Therefore, the level of these antioxidant enzymes critically influences the susceptibility of various tissues to
oxidative stress and is associated with the development of complications in diabetes. In addition, this is particularly
relevant and dangerous for the beta islet, which is among those tissues that have the lowest levels of intrinsic
antioxidant defenses. Free radicals may play an important role in the causation and complications of diabetes mellitus.
During the course of the disorder, alterations in the endogenous free radical scavenging defense mechanisms may lead
to ineffective scavenging of reactive oxygen species, resulting in oxidative damage and tissue injury. Oxidative stress is
currently suggested as mechanism underlying diabetes and diabetic complications [4].

In the light of these facts a significant correlation, between total antioxidant capacity and clinical characteristics of
diabetic patients including their blood levels of glucose and glycated hemoglobin, suggests that the measurement of
total antioxidant capacity in diabetic patients can be a marker of glycaemic control [5].

Free radicals can be encountered by the treatment of diabetes mellitus with insulin and/or oral synthetic hypoglycemics
[6]. Though these agents are giving encouraging results, yet they are expensive, painful giving undesirable
psychological effects [7]. In addition, they exhibit side/after effects in long-term use. Recent evidence suggests that
impaired antioxidant status is involved in oxidative stress associated with diabetes [8].

Some plants and trace elements may be proven the candidates or alternatives of allopathic medicines i.e. insulin,
Biguanides and Sulphonyl Ureas, to bring about the promising and desirable results to circumvent the day-by-day
spreading menace of diabetes mellitus with minimum or no side effects [9]. In herbal antidiabetic studies, along with a
list of herbs, coriander (Coriandrum Sativum) [10] has been reported to be hypoglycemic. A study on mice found that
coriander extract had both insulin-releasing and insulin-like activity [11]. Although, an anti-diabetic activity of
coriander is already known, yet the amount which exhibit this effect, is a huge amount (200 mg/kg/day/15days) is
required and not without side effects [12] [13]. Similarly Vanadyl sulfate exhibit the anti diabetic activity yet its toxicity
have been observed at high doses (0.75 mg/dl/day/17days) that were required to produce hypoglycemic effects [14].
Vanadium may act as a co-factor for enzymes involved in blood sugar metabolism, lipid and cholesterol metabolism
[15]. Animal experiments have shown that vanadium can mimic the effects of insulin and reduce blood sugar levels
from high to normal. These benefits are seen with high doses and there have been limited clinical trials with vanadium
salts in patients with Type Il diabetes, indicating that vanadium may have therapeutic potential in the treatment of
diabetes [16].

In animal research, a very narrow line has been found between the benefits and toxicity of this trace mineral. Reports at
some labs shows death rate as high as 50% at doses required to lower blood sugars [17]. Vanadium has been shown to
cause death in both pregnant rats (45%) and fetuses [18]. In addition, different labs have produced different outcomes
related to the blood sugars, with some labs finding little blood sugar lowering effect.

Obvious toxic effects from vanadium compounds are usually seen in lab animals at minimum doses of 2.5 to 7.5
mg/kg/day [19]. This is higher than typical over-the-counter doses of 30 mg to 60 mg per day, [20]. Some researchers
speculate that excess vanadium could also be involved in several diseases of the kidney [21] and bone [22] where it is
known to accumulate.

In recent years some researchers made efforts to detoxify vanadium or its corresponding salts. One study found that the
interaction of sodium metavanadate and VOCI; with ascorbic acid might be one of the possible natural reducing agents
of vanadium. [23].

In another scientific cram the interaction of the VO?" cation with the sodium salt of 2,3-dimercapto-1-propanesulfonic
acid (DMPS) established to be a potentially useful detoxification agent for vanadium [11].

Primary and core purpose of our study is to find such a way that can minimize the toxicity of Vanadyl sulfate suitable
for lowering the blood glucose level which may be without undesirable side effects and cost effective.

2 Materials and methods

2.1 Animals

Wister male albino rats weighing 180-200 grams were used for all the experiments. Animals were kept in the animal
house at temperatures of 22-26°C and relative humidity of 55% and acclimatized for a period of 07 days. The animals
were fed on standard chow diet and given tap water ad libitum until treatment. All the experiments with animal were
approved by the Animal Ethical Committee (AEC) of Bagai Medical University, Karachi. Pakistan.

2.2 The Coriander:

Coriander was grown in well drained pots under light shades. Minimum of four hours of sunshine in a day was given
for proper growth. The soil in which the coriander was grown is well aerated and drainage. The seeds were sown in 1
cm deep holes and covered the soil and compost. The coriander was sown in a row around 4 cm apart and the space
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between the rows was kept at least 35 cm. when the seedlings were about 4 — 5 cm these were thin down to about 20 cm
apart. To ensure a sustained crop throughout the season it was sown every few weeks. A liquid fertilizer to the soil was
applied with a gap of 2 — 3 weeks to promote the growth. The plant was watered every morning, but never over watered
to prevent it from rotting. The coriander was grown with or without Vanadyl sulfate in a quantity of 10 Gm/ kg of soil.
The Vanadyl sulfate was dissolved in simple tap water and then poured in the soil, after three week of sowing the
seedlings; the soil was assessed and estimated for Vanadyl sulfate from PCSIR laboratories, Karachi.

The rats were given maximum amount of the Vanadyl sulfate uptaken Coriandrum Sativum, orally through water and in
the food.

2.3 Chemical analysis and methodology to induce DM through STZ injection

2.3.1 This induction protocol is used to induce diabetes in experimental studies similar to a type | diabetic by
using Streptozotocin (STZ) in calculated dose as it can destroy Beta cell of Pancreas [24].

2.3.2 Estimation of Total Antioxidant Capacity by FRAP Assay. [25] PRINCIPLE

The ferric reducing of ability in plasma (FRAP) has been used to estimate the TAC because the reducing ability of
metals may be equivalent to Antioxidant power. In this scheme excess Fe*® is reduced by the rate limiting factor of
Fe*?-TPTZ which leads to blue color. The OD was read at 593nm.

2.3.3 Estimation of Blood Glucose [26] :

PRINCIPLE: The enzyme glucose oxidase catalyzes the oxidation of glucose to gluconic acid and hydrogen peroxide
(H,0,). The hydrogen peroxide formed in this reaction reacts with 4-aminoantipyrine and phenol in the presence of

peroxidase (POD) to form quinoneminie dye in Alcohol solvent. The amount of dye formed is proportional to the
glucose concentration.

2.4 Grouping of the experimental Rats.

- . Interval of
Groups Dose of drug used as anti diabetic therapy therapy
25 Animals were kept normal and then
grouped as Control (A). No treatment 21 days
g)rizlljsticeatsofreaztg q vrva:;[z var']t; dyIDs 'Sﬁgis 7.5mg/ml with 0.5% sodium chloride to reduce its toxicity | 21 days.
Group C of 25 rats with Diabetes | The Coriander was administered in Tween solution
(Diabetic rats treated with coriander only) | through nasogastric tube, at least 03ml-04ml/day in three | 21 days

equally divided doses and maximum in routine feed
Group D of 25 rats with Diabetes
(Diabetic rats treated with Vanadyl sulfate | 03ml-04ml/day thrice daily in identical doses, 21 days
uptaken Coriander
For Group E of 25 rats with Diabetes | insulin (Detemir®) in a dose of 2 1U, was administered once
(insulin treated) daily intraperitoneally to diabetic animals (insulin treated) | 21 days.
group, each day

Group F of 25 rats were made Diabetic | No treatment Whenever the animal was observed dull or | 21 days
with NO treatment and were kept under | seemed unconscious it was sacrificed and the blood was
observation for their general health. drawn directly from the heart.
**Every week the FBS was determined and then mean value was calculated for each group.
3 Aims and objectives
X3 To give Vanadyl sulfate in a natural environment in order to minimize its toxicity through uptake by a suitable
plant. (Coriandrum sativum)
X3 To analyze the insulinomimetic effects of VVanadyl sulfate uptaken by Coriandrum sativum.
X3 To investigate the Total antioxidant capacity of Vanadyl sulfate uptaken by Coriandrum sativum in diabetic

rats.
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4 Results
Table 1: The serum levels of total antioxidant capacity (TAC) of Group A and other groups in the study.
COMPARISON OF TAC LEVELS
250
200 == O Control
= = Gr.B
g 150 oGr.c
.S 100 O Gr.D
1S mGr.E
50 i = O Gr.F
(0]
1
GROUPS
TAC (umol/L)
Control Gr.B Gr.C Gr.D Gr.E Gr.F
193.88+11.85 29.55+6.95 35.23+6.45 183.54+18.95 187.78+35.37 20.44+3.67
Table 2: The serum levels of Fasting blood glucose levels of Group A and other groups in the study.
COMPARISON OF FBS
350
300 T O Control
250 B Gr.B
X 200 oGr.C
>
€ 150 — OGr.D
100 B Gr.E
50 B Gr.F
(0]
1
GROUPS
FBS (mg %)
Control Gr.B Gr.C Gr.D Gr.E Gr.F
121+10.82 260.77+35.33 149.5+11.69 127.98+16.81 110.68+40.35 280.77£15.44

5 Discussion

Escalating data in both investigational and scientific studies advocates that oxidative stress plays a key role in the
pathogenesis of both types of diabetes mellitus. Free radicals are produced inexplicably in diabetes by glucose
oxidation, nonenzymatic glycation of proteins, and the subsequent oxidative degradation of glycated proteins. Unusual
high levels of free radicals and the concurrent decline of antioxidant defense system causes dent to cellular organelles
and enzymes, increased lipid peroxidation, and development of insulin resistance. These consequences of oxidative
stress can endorse the impediment of diabetes mellitus. During this vivo study of the effects of various conventional and
alternative drugs on various biomarkers are assessed. There is a need to continue to explore the relationship between
free radicals, diabetes, and its complications, and to elucidate the mechanisms by which increased oxidative stress
accelerates the development of diabetic complications, in an effort to expand treatment options.

Some plants and trace elements may be proven the candidates to bring about the promising and desirable results to
circumvent the day-by-day spreading menace of diabetes mellitus [10]. Coriander has been documented as a traditional
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treatment for diabetes Mellitus. Similarly Vanadyl sulfate exhibit the anti diabetic activity yet its toxicity have been
observed at high doses

In plants, mineral uptake is the process in which minerals enter the cellular material, typically following the same
pathway as water transport. The most normal entrance portal for mineral uptake is through plant roots [28]. While up
taking the minerals, the toxicity is detoxified probably by the process of auto-oxidation in plants. Keeping this
hypothesis in our minds, we tried to get the Vanadyl sulfate uptaken by coriander to make it detoxified. This has made
the toxic Vanadyl sulfate non-toxic and living being consumable for producing antidiabetic affects without deleterious
effects.

All the available data and studies, until now, are showing their hypoglycemic effects but no one has reported their
combined activity, the appropriate doses and/or their side/after effects and mechanism of action while treating Diabetes
Mellitus. The Coriandrum Sativum and Vanadyl sulfate separately or in combination may protect the complications of
DM. These complications may be forestaller through up regulation or down regulation of Superoxide Dismutase,
Catalase and Glutathione Peroxidase. There is still to explore the mechanism of Coriandrum Sativum and Vanadyl
sulfate in DM through the different antioxidant enzyme system.

This study is a two-dimensional study that revolves around two aspects i.e. one it evaluates the antidiabetic and
nontoxic triumphs of the ameliorated affects of the Vanadyl sulfate up taken Coriander and the other, possible auto-
oxidation of Vanadyl sulfate through coriander.

Whereas observing the results of the fasting blood glucose levels of STZ induced diabetes in albino rats, the group B
(Diabetic rats treated with Vanadyl sulfate only)showed significant rise i.e. 53.5 % in FBS while compared with Control
group (Group A), though they were treated with Vanadyl sulfate. This result indicative that Vanadyl sulfate did not
affect the FBS levels of the STZ induced diabetes in albino rats. These results are in agreement of Gail R [29] but do
not favor a study conducted in France [20]. They established the affective role of Vanadyl sulfate on FBS.

While comparing the FBS levels of group C (Diabetic rats treated with coriander only) with the group A (Control), 19%
increase in FBS has been noted that was not at par with the control group. It reflects that the antidiabetic treatment with
coriander only may decrease the FBS level but still the required normal range was not achieved. Same study conducted
[29] in 2011, showed some how the matched results [30] but the present study results are not in agreement with another
medical cram[31] because it showed no effect of coriander on the FBS level.

When the FBS level of the group D (Diabetic rats treated with VVanadyl sulfate enriched coriander) was weigh against
Control group, only 5% difference was detected. It was pinpointing that the augmented antidiabetic effect of the
Vanadyl sulfate enriched coriander lowered the FBS level. Statistically the probability is >0.010f group D, that is highly
corresponding to control group.

In comparison of the group E (diabetic rats treated with Insulin only) with control almost the same FBS level was
obtained. This was obvious as there is established role of insulin for lowering the blood glucose. However, when the
same group is compared with group D (Diabetic rats treated with Vanadyl sulfate enriched coriander) it relatively
managed the FBS level in the same manner as of the group D (only 15% higher). Thus, it may be assumed that treating
IDDM with Vanadyl sulfate up taken coriander, may exhibit same results as of the effects produced by the insulin while
lowering the FBS. Comparison of group F (D+ No Treatment) with the control illustrates no control on FBS level and
it was in contrast with group B (D+V), that demonstrated the same results.

Total antioxidant status or Total Antioxidant Capacity within a matrix should reflect the collective contribution to
reducing properties of the individual antioxidants or electron-donating components [32]. Compared with the control
groups the Total Antioxidant Capacity was depleted in diabetes. Decreased activity of the antioxidant enzymes and
depletion of total antioxidant capacity may increase the susceptibility of diabetic patients to oxidative injury. In the light
of these facts a significant correlation, between total antioxidant capacity and clinical characteristics of diabetic patients
including their blood levels of glucose and glycated hemoglobin, suggests that the measurement of total antioxidant
capacity in diabetic patients can be a marker of glycaemic control [5].

Therefore, the assessment of TAC in our study is of particular consideration. Our control group (Group A) of the rats
exhibited 193.88 umol/L of TAC serum level. When it is compared to group B (D+V), it reveals that the TAC level in
the blood fell down to 55.6% in the group that was treated only by Vanadyl sulfate. This result defines that Vanadyl
sulfate did not affect the serum TAC levels when given to the diabetic rats. This finding statistically has exceptional
dissimilarity with control group (p<0.001). Some researchers are in support to the results of our study and their studies
describe that the Vanadyl sulfate has no role on TAC [33] However, in 2010, [34] a study, unveil that TAC could be
taken back to normal level by Vanadyl sulfate while caring for DM.

Comparison of Group C (Diabetic rats treated with coriander only) with the Control group showed that 45.0% fall had
been noticed in TAC level of the group C than Control group. Though, these are somehow better fallout than that of the
results of Group B yet the coriander was unable to bring back the TAC up to desired level. This may be because that the
glycemic control was poorer by the coriander and thus the TAC remained far decreased from the standard echelon. A
few Scientists [35] produced different outcomes from our mentioned results. Conversely, majority disclosed the similar
consequence. In 2012, [36] a scientific study produced matched conclusions, as that of ours.
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Group D (Diabetic rats treated with Vanadyl sulfate uptaken Coriander) findings for TAC are very attention grabbing.
In contrast to the Group A, group D reveals only 5% less Total Antioxidant Capacity. It interprets that treating STZ
induced diabetes in albino rats with Vanadyl sulfate up taken coriander not only control hyperglycemia but it can
maintain TAC in DM too. This might be due to the reason that when sugar is kept under control limits it minimizes the
oxidative stress there keeping SOD levels close to normal ranges and therefore TAC also matches the control.

When the group E (diabetic rats treated with Insulin only) was compared for TAC, with the control group (group A),
3% fall was observed in the STZ induced diabetes in albino rats treated with Insulin. This was an expected result as the
roll of Insulin is well recognized in treating DM [37]. Keeping our finding regarding this parameter, it can be said that
Insulin treatment definitely controls the blood sugar level but also maintains the TAC.

Interestingly, these above mentioned results at the same time judged against the finding of Group D (Diabetic rats
treated with Vanadyl sulfate uptaken Coriander) merely 2.2% difference was noted between the groups treated with
Vanadyl sulfate uptaken Coriander and Insulin. This is conclusive that treating STZ induced diabetes in albino rats with
Vanadyl sulfate up taken coriander may insulinomimetic effects. Also it may be due to the e described as previously
that Vanadyl sulfate up taken coriander successfully controlled the FBS of the STZ induced diabetes in albino rats, This
also effectively improve the vitamin D and thus demonstrated antioxidant effect.

Another obvious finding was found in comparing the Group F (D+ No treatment) with control group. It is very clear to
observe that the serum TAC is very much decreased i.e. 84.8% of the control due to the decreased antioxidant level.
The values are highly significant (p<0.001), when compared to serum TAC level of the Group. Latest and contemporary
studies also provided comparative results as to our findings [38]. On the contrary, [39] another finding varies our
results. Possibly it may be due to the shorter duration of his study and the numbers of subjects were also fewer.

Our discussion emphasizes the insulinomimetic activity of the Vanadyl sulfate uptaken coriander sativum and its effects
on TAC. It has been observed during the study that the diabetic rats of group D that were treated with the Vanadyl
sulfate uptaken coriander sativum not only demonstrated the good glycaemic control but also exhibited Total Anti-
Oxidant Capacity at par with the Control group (Group A) and in those rats as well, that were on insulin treatment
(Group E). It is indicative that Vanadyl sulfate uptaken coriander sativum shows insulinomimetic activity along with
commendable effects on TAC.

6 Conclusion

The present study agreements the efforts of scientific community for lessen the toxic effects of vanadyl sulfate as an
insulinomimetic agent. For this purpose, a characteristic of auto-oxidation of trace elements through plants has been
exploited in this study. In this regard the detoxification of vanadyl sulfate has been achieved through possible auto
oxidation of the valuable trace elements by coriander.

The effect of vanadyl sulfate uptaken by coriander acts as antidiabetic agent and shows insulinomimetic and antioxidant
activity in the treatment of Diabetic rats. After uptaken the vanadyl sulfate by coriander the results obtained in this
study prompted us to conclude that in this method combined antidiabetic and antioxidant effect of the two, potentiates
each other becoming much more than their individual effects.
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