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Purpose: Research on plant-based formulations has drawn considerable attention in the management of diabetic neuropathy (DN) for having
lesser side effects than the synthetic counterparts. Here, we have investigated for the first time the therapeutic effects of a standardized Piper
nigrum L., (black pepper) seed extract, Viphyllin™ in mitigating hyperglycemia and neuropathic pain of type 2 diabetes model rats.
Methods: Type 2 diabetes was induced in male Wistar rats using high fat diet and a single dose of streptozotocin (60 mg/kg i.p.). The
diabetic rats were orally administered with Viphyllin containing not less than 30% B-caryophyllene (BCP), at 25 mg, 50 mg and
100 mg/kg/day doses for 6 weeks. Changes in body weight, fasting blood glucose (FBG), glucose tolerance, and blood biochemical
parameters were measured. The nociceptive response to thermal stimulus (tail flick test) and sciatic nerve conduction velocity (NCV)
were recorded at the end of study.

Results: Viphyllin treatment markedly improved the body weight and glucose tolerance in diabetic rats. Also, the extract could
significantly reduce the diabetes-induced elevation in FBG, liver and kidney indices. Further, Viphyllin dose-dependently increased the
nociception latency in tail flick test compared to untreated diabetic rats (p<0.05). Viphyllin at 100 mg/kg significantly increased the
NCV (44.12+1.91*** m/s vs diabetic control 25.80+1.88 m/s). The antioxidant enzyme activities in sciatic nerve tissue were
considerably increased in Viphyllin-treated groups compared to diabetic control. A 6-week treatment with Viphyllin markedly reversed
the pathological manifestations of diabetes in vital organs such as liver, kidney and pancreas.

Conclusion: The study concludes that Viphyllin exerts antidiabetic effects and improves nerve conduction to mitigate neuropathic pain.
Keywords: diabetic neuropathy, thermal hyperalgesia, peripheral nerves, black pepper

Introduction
Diabetes mellitus (DM) is a serious health complication prevalent in the modern world." It is known from the
epidemiologic studies that diabetics are prone to the peripheral and central nervous system changes.” One-half of
diabetic population experiences the pain associated with diabetic neuropathy (DN).*~ Clinical manifestations of DN
include a compromised peripheral nervous system with reduced nerve conduction velocity (NCV) resulting in the
occurrence of symptoms such as sensory loss and/or spontaneous pain in the feet.” Neuropathic pain often lead to
anxiety and depressive behavior, deteriorating the quality of life.

There is a lacuna in the treatment for DN and hence its prevention is the foremost important aspect in diabetes care.” The
approved drugs for pain in DN include Pregabalin, Duloxetine and gabapentin which exert the analgesic effect via activation of

1.10

025 channel.”” However, these medications are associated with reported side effects such as dizziness, peripheral edema, and

somnolence.'"'? In contrast to modern medicine, plant-based formulations are effective with fewer side effects.”> Plant-based
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natural extracts have been well-studied for potential beneficial effects in preclinical models of diabetes.'* Shah et al have
demonstrated the antihyperglycemic effect of Rhinacanthus nasutus leaf extract using in vitro and in vivo experimental
approaches.'>'® A rhinacanthins-rich R. nasutus extract was reported to effectively ameliorate the complications of diabetic
nephropathy by mitigating the oxidative stress and inflammation in streptozotocin (STZ)-nicotinamide-induced model rats.'” In
another study, rosemary extract was demonstrated to exert antihyperalgesic and neuroprotective effects in STZ-induced diabetic
model rats.'®

Black pepper from Piper nigrum L., is one of the major spices valued across the globe for its characteristic flavor.'” Black
pepper fruits are a rich source of pharmacologically active terpenes, alkaloids, flavones and lignans.?® The black pepper oil
contains B-caryophyllene, a CB2 (cannabinoid type 2 receptor) agonist with potential pharmacological activities reported
including neuroprotection, anti-inflammation and antinociception.>' * BCP is reported to have beneficial effects in amelior-
ating dyslipidemia and hyperglycemia.” In a recent study from Geddo et al,*® the black pepper extract containing higher
content of BCP was reported to have antiadipogenic activity. The extract could substantially reduce the lipid accumulation in
3T3-L1 cells. In the present study we have used a black pepper seed extract (Viphyllin™) with standardized content of BCP.
Previously, we have investigated the neuroprotective and cognitive health benefits of Viphyllin.?” Further in preclinical pain
models we have demonstrated the antinociceptive activity of Viphyllin.?® To the best of our knowledge, the present study for
the first time reports the antihyperglycemic effect of a black pepper seed extract standardized to the content of BCP, and its
impact on nerve conduction velocity in diabetic model rats.

Materials and Methods

Plant Extract

Viphyllin™ is a proprietary herbal extract from Vidya Herbs Pvt Ltd., Bangalore, India. The extract was prepared from
black pepper seeds of Indian origin, using supercritical fluid extraction and standardized to the content of B-caryophyllene
not less than 30% w/w (GCMS analysis).?’

Chemicals and Reagents

Rodent high fat diet (D12492) was procured from Research Diets, Inc. USA. Streptozotocin (STZ) (Cat No. 14653) was
purchased from Sisco Research Laboratories Pvt. Ltd. (SRL), India. Glucose meter and glucose strips were procured from
Accu-Chek Extra Care Roche Diabetes Care India Pvt. Ltd. Biochemical kits for estimation of total cholesterol, triglycerides
and LDL-cholesterol test kits were purchased from Randox Laboratories India Pvt Ltd. Creatinine, uric acid, and urea test kits
were purchased from Robonik India Pvt Ltd. Superoxide dismutase (SOD, E-BC-K020-M), catalase (CAT, E-BC-K031-M),
and glutathione peroxidase (GPx, E-BC-K096-M) kits were purchased from Elabscience Biotechnology Inc, USA.

Animals

Fifty healthy male Wistar albino rats weighing between 180-200 g were provided by Biogen laboratory Pvt Ltd animal
house in Bangalore, India. All the animals were kept in polypropylene cages with a 12/12 h light/dark cycle and free
access to drinking water and standard laboratory diet at 23+2 °C in rooms with a relative humidity of 45—55%. Before the
experiments, the rats were acclimatised to laboratory conditions for seven days. The experimental protocol was reviewed
and approved by the Institutional Animal Ethics Committee (IAEC) of Vidya Herbs Pvt Ltd, Bangalore, India (VHPL/
PCL/TAEC/15/2020). The animal experimental protocol was carried out in compliance with The Committee for the
Purpose of Control and Supervision of Experiments on Animals (CPCSEA), Govt of India.

Induction of Diabetes and Treatment Schedule

The rats were divided into two dietary regimens: fed with either regular chow or HFD (D12492, Research Diets Inc.
USA) for 4 weeks. Later, the overnight fasted HFD rats were administered with a single dose of STZ (60 mg/kg i.p.,
dissolved in 100 mM citrate buffer, pH 4.5) while the control rats were given the vehicle alone. The fasting blood glucose
(FBG) was measured using an Accu-chek instant glucometer after one week of induction by collecting a few drops of
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blood from the retro-orbital plexus under gaseous anaesthesia; rats with FBG greater than 200 mg/dL were considered as
diabetic and used in the experiment.*’

The experimental rats were allocated to five groups (n=6). Normal control group was fed with chow diet and received
vehicle. Model group/diabetic control (HFD + STZ) group rats were continued with HFD and received vehicle. The three
treatment groups received 25, 50 and 100 mg/kg/day oral doses of Viphyllin respectively along with HFD for 6 weeks. The
body weight of animals was recorded on a weekly basis. Figure 1 shows the experimental design and treatment schedule.

Oral Glucose Tolerance Test (OGTT)

At the end of treatment, OGTT was performed in overnight fasted rats. The animals received a single dose of glucose
10% solution (1g/kg) by oral gavage. Few drops of blood samples were withdrawn from the retro-orbital plexus before (0
min) and after the glucose challenge (30, 60, 90, and 120 minutes) and glucose levels were measured using glucometer.

Tail Immersion Test

Thermal hyperalgesia in experimental rats was assessed using tail immersion test. Briefly, a temperature regulated hot
water bath was used to obtain warm water at a temperature of 52 + 0.5 °C. The rats were gently restrained using a towel,
and a 5 cm-long tail was marked for exposure to warm water. The pre-marked length of the tail was swiftly submerged in
warm water, and the duration of the tail immersion and the onset of the tail flick reflex were recorded using a stopwatch.
To avoid tissue injury, the cut-off duration was set to 30 seconds. The trial was performed three times per rat, with
a 5-minute experimental gap between trials.>’

Nerve Conduction Velocity Measurement

The nerve conduction velocity (NCV) was recorded at the end of a six-week treatment period as described previously.
Briefly, the rats were anaesthetized using a single intraperitoneal injection of Ketamine/xylazine (87 mg/13 mg/kg b.w.). The
sciatic nerve in the right leg was exposed, and electrodes (AD Instruments, PowerLab, Bella Vista, NSW, Australia) for
stimulation and recording were implanted in its proximity. The action potential at the distal end of the sciatic nerve after it
was stimulated at the proximal end with square-wave pulses (duration: 0.001ms, intensity: 200mV) delivered through bipolar
recording electrodes was recorded. A spacing of 5 mm was kept between the stimulation sites. The distance between the
stimulation and recording electrodes, as well as the sciatic nerve’s action potential delay, were evaluated to determine the
nerve conduction velocity using the following formula: NCV (m/s) is equal to distance(D)/ potential latency(L).>!

Biochemical Analysis

At the end of experiment, blood was collected to separate the serum by centrifuging the samples at 1500 g for 10
minutes. The serum samples were immediately stored at —80 °C until further analysis. The samples were subsequently
analyzed for total triglyceride (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), urea, blood urea
nitrogen (BUN), and uric acid concentrations in a clinical chemistry analyzer (Randox RX Imola) using commercial kits.

High fat diet (HFD)

Viphyllin treatment (p.o.)

P Sacrifice

Day 1 week 4 Day 29 week 9 week 10
t OGTT NCV
STZ single injection (60 mg/kg, i.p.) Tail flick test measurement

Figure | Experimental design and treatment schedule.
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Organ Indices
The liver and both kidneys were rapidly dissected from the visceral cavity of the rat following euthanasia and weighed to

determine the organ index (mg/g).

Determination of Enzymatic Antioxidants in Sciatic Nerve Tissue

The sciatic nerve tissue samples were homogenized in phosphate buffered saline (pH 7.4) and centrifuged at 10,000 g for
15 minutes in a refrigerated centrifuge. The supernatants were used for the determination of antioxidant enzyme
activities. The assays were performed using commercial kits following the manufacturer’s instructions.

Histopathology

The liver, kidney and pancreas tissue samples were fixed in 10% formalin solution. Later the paraffin-embedded sections

(5 um) were stained using hematoxylin and eosin (H&E).

Statistical Analysis
The data were statistically analyzed by one way analysis of variance (ANOVA) followed by Tukey’s test, using
GraphPad Prism 9.0, and presented as mean+SD. p<0.05 were considered statistically significant.

Results

Effect of Viphyllin on Body Weight and Organ Indices in Diabetic Rats

Figure 2A shows the weekly body weight measurement of the experimental rats. The HFD-fed rats showed
a considerably higher body weight gains from week 0—4 compared to normal diet fed control rats. However, the changes
were not significant. Following STZ induction, the diabetic control rats showed significant decrease in the body weight
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Figure 2 Effect of Viphyllin on body weight and organ indices in diabetic rats. (A) Weekly measurement of body weight. The data were analyzed by two-way ANOVA
followed by Tukey’s test. (B and C) Changes in liver and kidney indices. The data were analyzed by one-way ANOVA followed by Tukey’s test. Values are expressed as mean
£SD (n=5). #p<0.05, *p<0.01 and ##p<0.001 vs control; *p<0.05, ¥p<0.01 and *¥**p<0.001 vs diabetic control.

Abbreviations: ANOVA, analysis of variance; SD, standard deviation.
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from week 6 till the end of study, compared to control group (»p<0.001). Viphyllin at 25, 50 and 100 mg/kg markedly
improved the body weight of diabetic rats compared to the untreated diabetic control (p<0.05).

Diabetic control rats showed a significantly higher liver (55.85%) and kidney indices (90.81%) than control group (p<0.001).
However, treatment with Viphyllin at different doses markedly restored the organ indices in diabetic rats (Figure 2B). Viphyllin at
25, 50 and 100 mg/kg showed a reduction of 20.51% (p<0.001), 17.63% (p<0.01) and 12.83% (p<0.05) in the liver indices
respectively compared to the untreated diabetic rats. The Viphyllin-treated groups further reduced the kidney indices to 21.20%
(»<0.01), 20.14% (p<0.01) and 25.36% (p<0.001) as compared to the diabetic control rats (Figure 2C).

Effect of Viphyllin on Oral Glucose Tolerance and Fasting Blood Glucose (FBG) in

Diabetic Rats

The blood glucose level (BGL) was considerably higher in the diabetic control group at time 0 and elevated to a significant
extent upon administration of glucose (1 g/kg, p.o.) upto 120 min as compared to control rats (p<0.001). Viphyllin treatment
at different doses reduced the BGL of diabetic rats for 120 min. Viphyllin at 50 (p<0.05) and 100 mg/kg (p<0.001)
significantly reduced the BGL at 60 min of glucose administration in diabetic rats compared to the untreated diabetic control
group (Figure 3A). AUC analysis revealed that Viphyllin treatment at 25, 50 and 100 mg/kg showed 5.42%, 11.77% (p<0.05)
and 12.11% (p<0.05) decrease in BGL levels respectively compared to diabetic control rats (Figure 3B). As expected, there
was a significantly higher FBG level in diabetic control rats at the end of study compared to control (»<0.001). Viphyllin at
100 mg/kg markedly reduced the FBG in comparison with untreated diabetic rats (p<0.05) (Figure 3C).

Effect of Viphyllin on Thermal Hyperalgesia in Diabetic Model Rats

As shown in Figure 4, there was an obvious reduction in tail flick latency time observed in the diabetic rats compared to
control group (p<0.001), indicating thermal hyperalgesia. However, treatment with Viphyllin at 25, 50 and 100 mg/kg
dose-dependently increased the latency time compared to diabetic control group (p<0.05).
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Figure 3 Effect of Viphyllin on glucose tolerance in diabetic rats. (A) Blood glucose concentrations measured at time 0 and after oral administration of (I g/kg body weight)
glucose. (B) Area under the curve (AUCgucose) from 0—120 min after the oral administration of glucose. (C) Fasting blood glucose at the end of study. The data were
analyzed by one-way ANOVA followed by Tukey's test. Values are expressed as meantSD (n=5). *p<0.05 and *#p<0.001 vs control; *p<0.05 and **p<0.001 vs diabetic
control.

Abbreviations: ANOVA, analysis of variance; SD, standard deviation.
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Figure 4 Effect of Viphyllin on tail flick latency in diabetic rats. The data were analyzed by one-way ANOVA followed by Tukey’s test. Values are expressed as mean+SD
(n=5). ##p<0.001 vs control; ¥p<0.05 vs diabetic control.
Abbreviations: ANOVA, analysis of variance; SD, standard deviation.

Effect of Viphyllin on Nerve Conduction Velocity and Antioxidant Enzyme Activity in

Sciatic Nerve Tissue

The diabetic rats showed significantly (p<0.001) reduced NCV values (25.80+1.88 m/s) compared to the control animals
(55. £6.46 m/s). A 6-week treatment with Viphyllin resulted in 12.95%, 30.70% and 71.01% increase in the NCV at 25,
50 (p<0.05) and 100 mg/kg (p<0.001) doses respectively, compared to diabetic control (Figure 5A).

The diabetic model rats showed a noticeable decrease in the SOD (p<0.05), CAT and GPx (p<0.001) enzyme levels in
the sciatic nerve tissue as compared to control rats (Figure 5B-D). Viphyllin markedly restored these enzyme activities in
diabetic rats. At 100 mg/kg, Viphyllin exhibited 1.37-fold (»<0.05), 3.73-fold (p<0.001) and 1.15-fold increase in SOD,
CAT and GPx levels compared to untreated diabetic rats.

Effect of Viphyllin Administration on Serum Biochemical Markers in Diabetic Rats

As shown in Figure 6, there was an obvious increase in the TC (p<0.05), TG (p<0.001) and LDL-c levels of the diabetic
rats compared to control group. However, Viphyllin dose-dependently reduced the TC and TG levels of diabetic rats. TC
was reduced to 22.86% (p<0.05) and 31.31% (»p<0.001) in 50 mg and 100 mg/kg Viphyllin treatment groups compared to
diabetic control. The extract at 50 mg and 100 mg/kg significantly decreased the TG level (33.86% and 40.69%
respectively) as compared to diabetic rats (p<0.001). Viphyllin treatments also reduced the serum LDL-c levels.
However, the data were not significant compared to the untreated diabetic rats.

The untreated diabetic rats showed significantly higher levels of creatinine (p<0.001) and uric acid (p<0.05)
compared to control rats indicating renal damage whereas Viphyllin treatment considerably reduced the renal health
markers in diabetic rats (Figure 7A and B). At 100 mg/kg, Viphyllin showed 38.24% and 58.16% reduction in the serum
levels of creatinine and uric acid respectively relative to untreated diabetic rats (p<0.01). Further, Viphyllin insignif-
icantly lowered the BUN levels in diabetic rats (Figure 7C).

Effect of Viphyllin on Histopathological Changes in Liver, Kidney, and Pancreas
Liver histopathological examination revealed normal hepatocytes in control group while in diabetic control group
characteristic pathological changes viz., inflammation, focal and fatty vacuolations, and biliary hyperplasia were evident.
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Figure 5 Effect of Viphyllin on nerve conduction velocity (NCV) (A) and antioxidant status (B—-D) in sciatic nerve tissue. The data were analyzed by one-way ANOVA
followed by Tukey’s test. Values are expressed as mean+SD (n=5). #p<0.05 and *#$<0.001 vs control; *p<0.05, ¥p<0.01 and **¥p<0.001 vs diabetic control.
Abbreviations: ANOVA, analysis of variance; SD, Standard deviation.
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Figure 6 Effect of Viphyllin on serum lipid profile of diabetic rats. The data were analyzed by two-way ANOVA and presented as meanSD (n=5). Values are mean+SD
(n=5). #p<0.05 and *#p<0.001 vs control; *p<0.05 and **p<0.001 vs diabetic control.
Abbreviations: ANOVA, analysis of variance; SD, standard deviation.

Viphyllin at 25, 50 and 100 mg/kg markedly improved the liver architecture in diabetic rats (Figure 8A). Diabetic rats
showed STZ-induced changes such as glomerular atrophy, arterial fibrosis, inflammation and fatty vacuolation. On the
contrary, Viphyllin treated diabetic rats showed reversal of these pathological changes to restore the normal histomor-
phology (Figure 8B). The control group rats showed normal architecture of pancreas with typical islets of Langerhans
and acinar cells whereas the diabetic control rats exhibited pathological manifestations including swollen acinar cells,
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Figure 7 Effect of Viphyllin on serum levels of renal health markers in diabetic rats. (A) Creatinine, (B) uric acid, and (C) blood urea nitrogen. The data were analyzed by one-
way ANOVA followed by Tukey's test. Values are meanSD (n=5). *p<0.05 and #*#<0.001 vs control; ¥»<0.05 and **p<0.01 vs diabetic control.
Abbreviations: ANOVA, analysis of variance; SD, standard deviation.
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Figure 8 Effect of Viphyllin on histopathology of vital organs in diabetic rats. Representative images (H&E staining) showing histological changes in liver (A), kidney (B) and
pancreas (C). Green arrowhead: inflammation; green arrows: biliary hyperplasia; yellow arrowhead: normal glomeruli; yellow arrows: glomerular atrophy; black arrowhead:
normal islets of Langerhans; white arrowhead: atrophy of islets of Langerhans; black arrow: islets emptied; white arrow: congestion. (Magnification: X 100; scale bar: 100 um).
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islets emptied, atrophy of islets, degenerative hyperplasia, and congestion. Interestingly, Viphyllin-treated rats showed
normal architecture of pancreas (Figure 8C).

Discussion

The present study was performed to investigate the therapeutic effects of Viphyllin in an experimental model of diabetes.
HFD associated with single dose of STZ has been reported previously to establish type 2 DM in experimental
animals.>*>* HFD contributes to the insulin resistance while STZ induces impaired insulin secretion.>® In the present
study, male Wistar rats were fed a HFD for 4 weeks followed by intraperitoneal injection of STZ at 60 mg/kg. The HFD-
fed rats showed an insignificant increase in the body weight during the first 4 weeks of study while the subsequent STZ
treatment resulted in weight loss and an increase in BGL in the animals compared to normal rats. However, a 6-week oral
administration of Viphyllin markedly improved the body weight, and FBG in diabetic rats. Viphyllin treatment further
reduced the STZ-induced increase in liver and kidney indices.

OGTT is a measure of impaired insulin sensitivity.>> In the present study, the diabetic rats exhibited significantly
higher BGL for 120 min of glucose load compared to control, indicating the insulin resistance. The AUC of glucose was
however reduced significantly in Viphyllin treated rats compared to the untreated diabetic control. These data clearly
indicate the antihyperglycemic effects of Viphyllin.

DM associated nerve conduction deficits and neuropathic pain leads to alterations in the sensory responses.® The
change in sensation, and neuropathic pain results in hyperalgesia and allodynia.’” Several studies have pointed out the
ability of plant extracts in modulating the pain threshold of neuropathic pain models.**>° Behavioral assessment of
altered nociceptive response to external stimulus is demonstrative of neuropathic changes in diabetes. In the present
study, the diabetic control rats showed a decrease in latency to thermal stimulus (tail flick test) indicating hyperalgesia.
On the contrary, Viphyllin treatment notably increased the tail flick latency of diabetic rats to a significant extent. The
nerve conduction impairment associated with neuropathy were clear in the diabetic rats. The NCV was significantly
reduced in the untreated diabetic rats compared to control whereas the Viphyllin treated rats showed improvement in the
sciatic nerve conduction. The outcome of present study strongly align with the earlier reports. Previously, Laddha et al
demonstrated the correlation between the antinociceptive activity of Bauhinia variegata extracts as a function of
improved NCV in diabetic rats.** In another study, treatment with an ayurvedic formulation, Triphala churna significantly
increased the nociceptive response latency in diabetic model rats. Further, the authors showed that Triphala markedly
increased the NCV in rats.*!

Biochemically, the mammalian nerve tissues contain the phospholipids and high mitochondrial number which can
generate enough free radicals to cause oxidative damage.*? Previous studies have demonstrated that a compromised
antioxidant defense in the nerve tissues could contribute to the neuropathic pain in animal models.** In line with these
observations, the diabetic rats showed a reduced activity of antioxidant enzymes in the sciatic nerve compared to normal
rats. Viphyllin substantially restored the antioxidant defense in the sciatic nerve tissue of rats. Thus Viphyllin-mediated
increase of NCV and antioxidant activity in the sciatic nerve could attribute to its modulatory effect on peripheral sensory
functions.

Diabetic complications progressively lead to renal diseases and dyslipidemia.***> In the present study, Viphyllin
treatment improved the serum lipid profile and renal parameters in diabetic rats. The histopathological changes in the
vital organs such as liver, kidney and pancreas of diabetic rats were reversed to a good extent by the treatment with
Viphyllin. These data further support the antidiabetic effect of the extract.

A large body of evidence from experimental studies support the therapeutic potential of BCP, the characterized active
constituent in Viphyllin.*® Previously, Suijin et al have reported that treatment of pancreatic p cells with BCP increased
the glucose-stimulated insulin secretion.*” BCP as a principal component of several plant extracts has been demonstrated
to exert hypoglycemic activity in diabetic rats.*® Recently, Aguilar-Avila et al studied the effect of BCP on neuropathic
pain in diabetic rats. BCP could markedly reduce the BGL while increasing the insulin levels in STZ-induced diabetic
rats.*® These data strongly support the possible involvement of BCP in Viphyllin-mediated therapeutic effect in the
present study.
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Conclusion
Oral administration of Viphyllin significantly improved the sciatic nerve conduction and sensory responses in HFD/STZ-

induced diabetic rats. In addition, the extract demonstrated antihyperglycemic effects diabetic rats. In conclusion, the

present study findings suggest protective effects of Viphyllin in diabetic neuropathy.
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