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ABSTRACT

Background: The endemic plant of Seshachalam hills, Eastern Ghats, India, known as Pimpinella
tirupatiensis (Pt). Objectives: It was examined in this study for its protective effects against
oxidative damage in the kidney of Streptozotocin (STZ)-induced diabetic rats. Materials and
Methods: After the induction of diabetes with Streptozotocin (40 mg kg-1 b.w), PTAq, an
aqueous extract of Pt was directed orally at a dose of 750 mg kg-1 b.w. day-1. Results: Diabetic
rats displayed significant decreases in Glutathione (GSH), ascorbic acid, and Vitamin E content
(p<0.01) and significant elevations in lipid peroxidation (as MDA), uric acid content, and Xanthine
Oxidase (XOD) activity (p<0.01). However, PTAq supplementation in the diabetic group resulted in
significant (p<0.01) increases in Glutathione (GSH), Ascorbic Acid (AA), and Vitamin E content and
declined MDA content, uric acid content, and XOD activity. Conclusion: The results advocate that
Pt has the potential to avert diabetic complications triggered by oxidative stress in experimental
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INTRODUCTION

Diabetes Mellitus (DM) is a metabolic condition characterized
by high Blood Glucose Levels (BGL) caused by impaired insulin
action, secretion, or both on target tissues.!"! Prolonged periods
of high blood sugar levels are allied with both microvascular
complications, such as retinopathy, neuropathy, and nephropathy,
as well as macrovascular complications, such as coronary and
peripheral arterial diseases and stroke, which are prevalent in
all types of diabetes mellitus. These complications can damage
various organs and are often identified at a late stage or with
inadequate medical supervision.””! According to the International
Diabetes Federation (IDF), in 2015, roughly 415 million
individuals aged 20-79 years had diabetes mellitus, and it is
anticipated that this number will increase by an additional 200
million by 2040, resulting in a significant escalation in the global
burden of the disease.”!
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The condition of oxidative stress can occur as a result of an
upsurge in the production of Reactive Oxygen Species (ROS), a
decline in antioxidant defense, or both. ROS, which is produced
unavoidably during metabolic processes, is a significant
contributor to oxidative stress. The principal source of ROS
generation is the release of electrons from the mitochondrial
respiratory chain, which then transfer to molecular oxygen and
produce the superoxide anion (O%). The alterations caused by
ROS can result in damage to cells, tissues, or organs, and are
regarded as the primary cause of various diseases.*

The cellular damage caused by hyperglycemia is mainly caused
by oxidative stress. Increased glucose levels can prompt the
production of free radicals, and when the body's natural defense
mechanisms are inadequate to counteract the heightened
production of Reactive Oxygen Species (ROS), an imbalance
occurs between ROS and their protection, resulting in the
domination of oxidative stress.!>®

The harmful effects of oxidative stress on cellular physiology,
particularly on tissues with low intrinsic antioxidant defenses
like the islet, can be observed in diabetes mellitus. The chronic
hyperglycemia and oxidative stress have a detrimental impact on
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the functionality of vascular, retinal, and renal tissues through
various biochemical pathways and mechanisms."!

Over the last few years, there has been a growing interest in
understanding how oxidative stress contributes to diabetes-
related problems. Furthermore, investigators have been studying
the possibility of utilizing natural agents derived from botanical
sources to alleviate oxidative stress and control diabetes mellitus.

Pimpinella tirupatiensis Bal. and Subr. is a plant that belongs to
the Apiaceae family and is known locally as Konda Kothimeera.
It is exclusively found in the Tirumala hills situated in the
Seshachalam range in the Eastern Ghats of Andhra Pradesh,
India.'” The tuberous root of Pimpinella tirupatiensis (Pt)
has hexane and ethyl acetate fractions that have shown a
diverse range of anti-microbial activity and contain significant
quantities of alkaloids, flavonols, flavones, and volatile oils.
Among the primary compounds identified are P-bisabolene,
A-3-carene, cis-carveol, elemol, A-cadinol, methyl geranate, and
y-nonalactone.' In addition, the root extract of Pt is used for the
treatment of skin diseases.!? To the best of our knowledge, this is
a significant study that investigates the effect of Pt on the kidney's
non-enzymatic antioxidant status in experimental diabetic rats.
This study was conducted to analyze the impact of Pimpinella
tirupatiensis on kidney lipid peroxidation and non-enzymatic
antioxidants in STZ-induced diabetic rats.

MATERIALS AND METHODS

Chemicals

The chemicals utilized for these experiments were of Analar Grade
(AR) and were attained from reputable technical companies,
including Sigma, Fisher, Merck, Ranbaxy and Qualigens.

Extraction of Plant Material

The roots (tuberous) of Pt were attained at Tirumala hills in the
Seshachalam range of Eastern Ghats, Andhra Pradesh, India. It
was acknowledged by the taxonomist of the department of botany
at S.V. University, Tirupati, Andhra Pradesh, India. The roots were
dehydrated and milled into a fine powder. 500 g of Pt root powder
was water-logged in 1500 mL of water in distinct glass vessels
for two days at 25°C. After that, the solvent was filtered, and the
procedure was done three or four more times until the extract
was colorless. A rotary evaporator (Model no. HS-2005V) was
used to concentrate the extract, distil it under decreased pressure,
and then freeze-dry it using a lyophilizer (Lyodel). In terms of the
dried starting material, the yield of the aqueous extract was 8.5%
(w:w). Just before giving it to the animals during the experiment,
the crude extract was diluted with distilled water.

Experimental Animals

Male Wistar strain albino rats weighing 230 +20 g (n=30) was
attained from the Indian Institute of Science (IISc), Bangalore.
The rats were kept in hygienic polypropylene cages, with six
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rats per cage, and were maintained in a room with a controlled
temperature of 27 + 2°C and a 12 hr light-dark cycle. Throughout
the experimental period, the rats had access to a standard pellet
diet (Lipton Rat Feed Ltd., Pune) and water ad libitum. The
Institutional Animal Ethics Committee (Regd. No. 438/01/a/
CPCSEA/dt.17.07.2001) approved the guidelines and protocol
for the experiments, and the committee's resolution number 09
(iii)/a/CPCSCA/IAEC/07-08/SVU/Zool/KSR-TL/dated 26/6/08
was followed.

Induction of Diabetes

To induce experimental diabetes, the rats were fasted overnight
for 12-15 hr and then given a single intraperitoneal injection
of STZ (40 mg/kg b.w) liquified in ice-cold 0.1M citrate buffer
(pH 4.5). To counteract drug-induced hypoglycemia, the rats
were given a 15% glucose solution to drink for 24 hr after STZ
direction. Diabetes was confirmed 48 hr later by measuring
fasting blood glucose levels. Rats with fasting blood glucose levels
above 250 mg/dL after one week of STZ injection were included
in the study.!"™

Experimental design

30 rats were separated into five groups of six animals each.

Group I (NC): Untreated normal rats were administered normal
saline (0.9%) daily for 30 days by orogastric tube.

Group II (DC): Untreated diabetic rats were directed with
normal saline (0.9%) daily for 30 days by orogastric tube.

Group III (D+PTAq): Diabetic rats-750 mg/ kg b. wt./day of
PTAq for one month by orogastric tube.

Group IV (C+PTAq): Normal rats-750 mg/kg b. wt./day of PTAq
for one month by orogastric tube.

Group V (D+GLB): Diabetic rats-20 mg/kg b. wt./day of
glibenclamide for one month by orogastric tube.

After 24 hr, all of the animals were sacrificed, and kidney tissue
was removed. After washing with ice-cold saline, the tissue was
immediately submerged in liquid nitrogen and preserved at
-80°C for subsequent biochemical examinations.

Biochemical assays
Estimation of MDA content

In order to determine the level of MDA, 0.1 mM EDTA (5%
w/v) was added to 50 mM phosphate buffer (pH 7.0), which was
used to homogenize the kidney tissue. The homogenates were
centrifuged for 10 min at 4°C at 10,000 rpm, and the supernatant
collected was used for analysis. More specifically, 50 pL of 8.1%
SDS was added to 200 pL of tissue extract before being vortexed
and left to sit at room temperature for 10 min. The mixture
was then cooked in a boiling water bath for 60 min before the
addition of 375 uL of 0.6% thiobarbituric acid and 375 pL of 20%
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acetic acid (pH 3.5). After that, room temperature was reached
by the samples. Then, 12.5 mL of a 15:1 mixture of butanol and
pyridine was added, vortexed, and centrifuged for 5 min at
10,000 rpm. Using 1,1,3,3-tetraecthoxypropane as a reference,
the coloured layer (500 pL) was measured at 532 nm. yt moles of
malondialdehyde produced per gram wet weight of the tissue was
used to express.¥]

Glutathione (GSH) content estimation

The method outlined by Theodorus ef al.™” was used to calculate
glutathione content. 0.1 M phosphate bufter (pH 7.0) with 0.001
M EDTA was used to homogenise kidney tissue. Protein was then
precipitated using 1 mL of 5% sulfosalicylic acid (w/v) solution.
The supernatant obtained after centrifuging at 5000 g for 15 min
at 4°C was utilised as the enzyme source. The reaction mixture
was composed of 2.5 mL of 0.1 M potassium phosphate buffer,
2.0 mL of DTNB (1.5 mg/mL), 0.02 mL of NADPH (4 mg/mL of
0.5% NaHCO,), 0.02 mL of glutathione reductase (6 units/
mL), and the required volume of tissue source. The reaction's
absorbance was measured at 425 nm in comparison to the
reagent blank after 0.41 mL of the enzyme source was added.
The glutathione content of the tissue was calculated as 1 moles of
glutathione oxidized/ gm wet weight of the tissue.

Ascorbic acid content estimation

The technique developed by Omaye et all was used to
measure the amount of ascorbic acid in the kidney tissue. The
kidney tissue was homogenized with 10% TCA (w/v) and
centrifuged at 3500 g for 20 min at 40°C. The DTC solution
(diphenylhydrazine-thiourea-copper sulphate solution) was then
combined with 1 mL of the supernatant and incubated for 3 hr
at 37°C. After that, 1.5 mL of ice-cold, 65% H, SO, was added,
thoroughly mixed, and the solution was let to stand for a further
30 min at room temperature. At 520 nm, the produced colour was
compared to the reagent blank. Ascorbic acid was measured in
mg per gramme of tissue weight under moist conditions.

Assessment of a-tocopherol (Vitamin E)

0.1 mL of lipid extract, after being combined, 1.5 mL of ethanol
and 2 mL of petroleum ether were added, centrifuged for 10
min at 3000 g. At 80°C, the supernatant was dried off before 0.2
mL of a 2,21-dipyridyl solution and 0.2 mL of a ferric chloride
solution were added and thoroughly mixed. This had 2 mL of
butanol added and was held in the dark for 5 min. At 520 nm,
the absorbance was then measured. A blank containing simply
the reagent and standards of a.-tocopherol in the range of 10-100
ug were used in the same manner. u moles of Vitamin E/mg of
tissue.”!

Estimation of Uric acid

Renal tissue was homogenised in a 15% lithium carbonate (w/v)
solution, and then 0.66 N H,SO, and 0.50 mL of 10% tungstate
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(w/v) were added. The mixture was centrifuged at 5000 g for 5
min. at 4°C. 1 mL of sodium hydroxide solution and 1 mL of uric
acid reagent were added to the supernatant, and the produced
colour was quantified at 680 nm in a spectrophotometer against
the reagent blank. The results were reported as mg of Uric acid/
gm wet weight of the tissue.['®!

Estimation of Xanthine Oxidase activity (XOD)

The enzyme source, 50 um of xanthine, 0.1 pum of NAD, 0.4 ym
of INT, and 100 um of sodium phosphate buffer (pH 7.4) were all
present in the test mixture. The reaction was allowed to start after
adding 20 mg of the enzyme source, and it was kept at 37°C for
30 min. The reaction was ceased by adding 5 mL of glacial acetic
acid, and the formazan that resulted was take out into 5 mL of
toluene and measured at 495 nm in contrast to a toluene blank.
The enzyme activity was calculated as the quantity of formazan
generated per milligrams of protein per hour.!"”!

Statistical analysis

The data were presented as mean values with their Standard
Errors (SE). SPSS software (Version 13.5; SPSS Inc., Chicago,
IL, USA) and Microsoft Office Excel were used for the statistical
analysis. We utilized one-way Analysis of Variance (ANOVA) to
compare the groups, and we found that there were significant
differences between them using Duncan's multiple range test as a
post-hoc test. The significance level used for all statistical analyses
was p < 0.01.

RESULTS

Figure 1 shows the amounts of lipid peroxidation in diabetic
and normal rats. Malondialdehyde (MDA) concentrations
were greater in the diabetic rats than in the normal control
rats. MDA levels were lowered after a month of treatment with
PTAq and GLB. Similar to how GLB reduced MDA levels, PTAq
did the same. When normal rats were given PTAq, there were
no observable significant changes in MDA levels. The levels of
Glutathione (GSH), Vitamin C, and Vitamin E in the kidneys of
the normal and diabetic groups are shown in Figures 2, 3, and
4. The diabetic group's renal GSH, ascorbic acid, and Vitamin E
content significantly decreased (p < 0.01) according to the study.
However, after treating the diabetic rats with PTAq and GLB, the
content of GSH, Vitamin C, and Vitamin E significantly increased
(p<0.01), and the contents in both groups were restored compared
to the diabetic group. The elevated levels of GSH, ascorbic acid,
and Vitamin E were comparable to those of the rats treated with
GLB. In normal rats treated with PTAq, no discernible changes
in GSH, ascorbic acid, or Vitamin E levels were found. Figure 5
demonstrates that the estimated uric acid level in the diabetic
group was significantly (p < 0.001) higher, and that treatment with
PTAq reduced the elevated content. The PTAg-treated control
group showed no discernible alterations. Finally, as shown in
Figure 6, diabetic rats had significantly higher Xanthine Oxidase
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(XOD) activity than control rats, and the elevated XOD activity
was reduced by PTAq administration

DISCUSSION

Complications of DM can be expressed through four primary
mechanisms triggered by hyperglycemia, including the making
of ROS, stimulation of protein kinase C, polyol pathway, and the
formation of progressive glycosylation end products (AGE) and
hexamine path.®”

Persistent and chronic hyperglycemia causes severe oxidative
stress in diabetic experimental animal models, diminishing the
antioxidative defence system's activity and raising the quantities
of oxygen free radicals.?’) The generation of extremely reactive
oxygen radicals, which are hazardous to cells, particularly the cell
membrane, results in lipid peroxidation and damage to cellular
organelles, affecting pancreatic -cell function.”?

Lipid peroxidation levels can be determined by measuring
MDA, a convenient indicator of lipid peroxidation.! MDA is
produced through lipid peroxidation and can crosslink collagen
molecules, stabilizing them and enabling further glycation, which
increases the potential for glycated collagen to initiate more lipid
peroxidation and release additional MDA. Thus, MDA may
serve as a connection between glycation and subsequent lipid

peroxidation.242%

To halt the lipid peroxidation chain reaction, antioxidants that
scavenge free radicals are commonly used. Researchers have
turned to plant-derived antioxidants to address this issue. In this
study, Pimpinella tirupatiensis tuberous root aqueous extract of
was utilized, and the results exhibited a increase in MDA levels
in the renal tissue of diabetic rats. The oral treatment of PTAq to
diabetic rats, on the other hand, effectively lowered the increased
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levels of lipid peroxidation to near-normal levels. These findings
suggest that PTAq may have antioxidant properties that protect
tissues from lipid peroxidation.

GSH is a non-enzymatic antioxidant that can directly and
indirectly scavenge free radicals and ROS via enzymatic
processes.”*! The lessening of GSH in tissues is a critical factor
that allows lipid peroxidation to occur.”” Antioxidants that aid
in the maintenance of GSH concentrations can help to restore
cellular defence mechanisms, inhibit lipid peroxidation, and
protect tissues from oxidative damage.”! The GSH concentration
was found to be low in the diabetic group in this investigation,
which is consistent with the findings of Eliza et al. 2010,
which showed a decrease in GSH concentration in diabetic rats.
However, the oral administration of PTAq significantly increased
GSH levels in this study, indicating that PTAq's effect could be
attributed to the reduction of oxidative stress and inhibition of
GSH utilization.

By interacting with essential antioxidants such as Vitamins E and
C, glutathione can improve antioxidant defence. To terminate the
radical chain reaction and prevent PUFA peroxidation in cellular
and subcellular membrane phospholipids, Vitamin E can transfer
its phenolic hydrogen to a peroxyl free radical of peroxidized
polyunsaturated fatty acids (PUFA). Vitamin C is a powerful
antioxidant that binds to oxygen free radicals and Vitamin
E.®Y When it combines with a Vitamin E radical, it produces a
Vitamin C radical while also replenishing Vitamin E. Then, GSH
can convert a Vitamin C radical back to Vitamin C.I*!

Diabetic rats were found to have significantly lower levels of
Vitamin C in their kidneys. However, our study found that
diabetic rats had more levels of Vitamin C, which is consistent
with previous studies in the diabetic kidney™ and liver.*
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Figure 1 and Figure 2: MDA and Glutathione content in the kidney of Normal Control rats (NC), Diabetic Control rats (DC), diabetic rats treated with Pt
aqueous extract (D+PTAQ), Control rats treated with Pt Aqueous extract (C+ PTAq), diabetic rats treated with Glibenclamide (D+GLB). Each vertical bar
represents the mean=SE. (n=6). Top of the vertical bars having the same alphabetic do not differ significantly at p < 0.01.
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Figure 3 and Figure 4: Ascorbic acid and Vitamin E content in the kidney of Normal Control rats (NC), Diabetic Control rats (DC), diabetic rats treated with
Pt aqueous extract (D+ PTAq), Control rats treated with Pt aqueous extract (C+ PTAQ), diabetic rats treated with Glibenclamide (D+GLB). Each vertical bar
represents the mean+SE. (n=6). Top of the vertical bars having the same alphabetic do not differ significantly at p < 0.01.
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Figure 5 and Figure 6: Uric acid content and Activity of Xanthine Oxidase in the kidney of Normal Control rats (NC), Diabetic Control rats (DC), diabetic rats
treated with Pt Aqueous extract (D+PTAq), Control rats treated with Pt Aqueous extract (C+PTAq), diabetic rats treated with Glibenclamide (D+GLB). Each
vertical bar represents the mean=SE. (n=6). Top of the vertical bars having the same alphabetic do not differ significantly at p < 0.01.

Vitamin C levels may have decreased due to increased utilization
of the vitamin as an antioxidant defence against ROS or a decrease
in GSH, which is essential for Vitamin C recycling. Vitamin E is
a physiological antioxidant and membrane stabilizer, responding
with lipid peroxy radicals to break the chain reaction of lipid
peroxidation and protect cell structures from damage.”** Similarly,
reduced levels of Vitamin E were also reported in diabetic liver
and kidney.*? Treatment with PTAq restored Vitamin C and E
levels to almost normal levels, indicating reduced membrane
damage due to the extract's antioxidant properties.

In diabetes, the xanthine oxidase enzyme system is activated,
leading to increased production of uric acid and consequent free
radical production, despite uric acid's known non-enzymatic

Pharmacognosy Research, Vol 15, Issue 4, Oct-Dec, 2023

antioxidant properties.*” This study found that diabetic rats had
higher uric acid levels, potentially due to metabolic disturbance
in diabetes such as high activity of xanthine oxidase and elevated
levels of lipid peroxidation, triglyceride and cholesterol.!
Additionally, muscle wasting and increased release of purine due

to protein glycation may contribute to elevated uric acid levels.

However, supplementation with PTAq significantly lowered uric
acid levels and xanthine oxidase activity in hyperglycemic rats.
This diminution in uric acid levels may be due to the reduction
in xanthine oxidase activity, lipid peroxidation, and triglyceride
and cholesterol levels, as high levels of these substances can lead

to uric acid synthesis.
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CONCLUSION

Overall, the Pimpinella tirupatiensis tuberous root aqueous
extract can prevent and/or protect against free radical production
in diabetes by significantly increasing the levels of non-enzymatic
antioxidants while reducing markers of lipid peroxidation.
Therefore, this study suggests that the extract has protective
properties against oxidative stress in diabetic rats induced with
STZ.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.

SUMMARY

The outcomes of the experiment designate that Pt may be
beneficial in preventing diabetic complications caused by
oxidative stress in rats with diabetes. Therefore, Pt may have
potential therapeutic implications for managing diabetes in the
future.
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