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Safety Assessment of Vanillic Acid: Subacute Oral
Toxicity Studies in Wistar Rats
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Oral Toksisite Calismalari
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ABSTRACT

Objectives: Vanillic acid (VA) is a flavoring agent, a phenolic acid, and an intermediary by-product formed during transformation of ferulic acid to
vanillin. It has been investigated for diverse pharmacological actions and used in Chinese medicine for decades. However, there is no information in
the literature about its mechanism of toxicity or safety with long-term use. The present study will not only supply information on its pharmacological
profile but also encourage evidence-based pharmacotherapeutic use. Hence, we performed a subacute toxicity study.

Materials and Methods: According to the Organisation for Economic Co-operation and Development Test Guideline 407 (2008), 3 groups of rats
were formed consisting of 12 rats (6 male and 6 female) in each group. For the subacute toxicity, the dose was chosen after a limit test was
conducted. VA (1000 mg/kg/day) was orally administered for 2 weeks to the treatment group, whereas the control group received an equivalent
volume of the vehicle. To assess reversibility, VA (1000 mg/kg/day, p.o.) was administered to the satellite group for 2 weeks and animals were
observed for an additional 2 weeks after treatment. The adverse signs, variation in body weight, and mortality were evaluated throughout the study
period. On days 15 and 29, blood was collected to evaluate essential biochemical and hematological parameters. The animals were subsequently
weighed and sacrificed. The weights of internal organs were recorded; gross necroscopy and histopathological studies were performed.

Results: The hematological parameters of the satellite group increased and the serum sodium level decreased after the treatment. Satellite groups
showed no other major change in biochemical parameters when compared to the control group. In addition, relative organ weights, gross necropsy
examinations and histopathological structure of the internal organs showed no major alterations.

Conclusion: VA showed no adverse effect on the process of leukopoiesis, erythropoiesis or on internal organs, as verified by hematological and
biochemical evaluations, gross necropsy, and histopathological studies. The decrease in serum sodium is not considered as a major toxic effect.
Key words: Subacute toxicity, vanillic acid, polyphenol, safety

OZ |

Amag: Vanilik asit (VA) fenolik asit yapsinda tat verici bir ajandir ve ferulik asidin vanilin dontisimu sirasinda olusan bir ara yan trinddr. Cesitli
farmakolojik etkiler igin arastirilmis ve yillardan beri Cin tibbinda kullanilmaktadir. Ancak, uzun streli kullanimi igin toksisite mekanizmasi veya
guvenliligi ile ilgili bilgi literatirde mevcut degildir. Bu galisma sadece farmakolojik profile hakkinda bilgi saglamakla kalmayacak, ayni zamanda

kanita dayali farmakoterapétik kullanimi hakkinda da bilgi verecektir. Bu nedenle, subakut bir toksisite galismasi yapilmistir.

Gereg ve Yontemler: Ekonomik Kalkinma ve isbirligi Orgiitii Test Kilavuzu 407 (2008)'e gore, 12 sigan (6 erkek ve 6 disi) rastgele bir sekilde 3 gruba
ayrilmistir. Subakut toksisite icin sinir testi yapildiktan sonra doza karar verilmistir. VA (1000 mg/kg/giin) uygulama grubuna 2 hafta boyunca oral
yoldan uygulanirken kontrol grubuna esdeger hacimde tasiyici verilmistir. Tersinirligi degerlendirmek igin, uydu grubuna 2 hafta boyunca VA (1000
mg/kg/giin, p.o) uygulanmis ve hayvanlar tedaviden sonra 2 hafta daha gozlenmistir. Advers belirtiler, viicut agirigindaki degisiklik ve mortalite

galisma suresi boyunca degerlenmistir. On besinci ve 29. giinlerde, gerekli biyokimyasal ve hematolojik parametreleri degerlendirmek igin kan
alinmistir. Takiben hayvanlar tartilmis ve sldirtlmistir. ic organ agirliklari kaydedilmis, gros nekropsi ve histopatolojik galismalar yapilmistir.

Bulgular: Uydu grubunda hematolojik parametreleri artmis ve serum sodyum duzeyi uygulamadan sonra azalmistir. Uydu gruplarinda kontrol
grubuna kiyasla biyokimyasal parametrelerde baska bir dnemli degisiklik gordlmemistir. Ayrica, rélatif organ agirligi, gros nekropsi incelemeleri ve
i¢ organlarin histopatolojik yapisi 6nemli bir degisiklik géstermemistir.
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Sonug: Hematolojik ve biyokimyasal degerlendirmeler, gros nekropsi ve histopatolojik ¢alismalardan da gorildugu tGzere, VA l6kopoez, eritropoez
ve i¢ viicut organlari Uzerinde olumsuz bir etki gdstermemistir. Serum sodyum diizeyindeki dusts majér bir toksik etki olarak degerlendirilmemistir

Anahtar kelimeler: Subakut toksisite, vanilik asit, polifenol, glivenlik

INTRODUCTION

Vanillic acid (VA) (4-hydroxy-3-methoxybenzoic acid) is a
frequently utilized flavoring agent and an oxidized form of vanillin.
It is an intermediary by-product formed during transformation
of ferulic acid to vanillin? It is present in large amounts in
the roots of Angelica sinensis?® fruits of Euterpe oleracea,*
wine, and vinegar® and has been used in Chinese medicine
for decades.® It was investigated for diverse pharmacological
actions in experimental animals and proved to have antidiabetic
activity,”® an anti-inflammatory effect,’® a strong antioxidant
effect"? cardioprotectivity,*'> thermal tolerance® and
inhibitory effects on Neuro-2A cells.” In addition, it ameliorates
glomerulonephritis,® has a cognitive effect in diabetic mice,”
and its presence was reported in cerebrospinal fluid.?° It was
reported to inhibit carbonic anhydrase isozyme IlI?" and snake
venom 5'-nucleotides.?? It controls transgene expression in
mammalian cells and mice.?® It showed a protective effect on
ulcerative colitis?* and liver toxicity? and has a proved analeptic
effect.?® Furthermore, it acts as an antifilarial agent?” and
respiratory stimulant.?®

In the mid 20™ century, clinical studies were conducted on
excretion of VA in urine. In one study, VA was reported as a
metabolic product of 4-hydroxy-3-methoxyphenylglycol and
4-hydroxy-3-methoxymandelic acid.® It was reported as a
metabolite of protocatechuic acid, which is stable at alkaline
pH of urine.*® In addition, excretory studies were reported in
healthy volunteers, patients with circulatory and liver disorders,
and smokers and nonsmokers and during stress "%

VA is supposed to be administered for long durations to treat
chronic disorders; therefore, assessment of its safety or the
risk of occurrence of toxic effects becomes crucial. Current
scientific research studies revealed undesirable effects of
various plant extracts and phytochemicals in rodents at
higher dosages, for instance neurotoxicity (Cannabis sativa,
Papaver somniferum, and Erythroxylum spp.), hepatotoxicity
(Cimicifuga racemosa, etc.), genotoxicity (thymol and carvacrol),
carcinogenicity (capsaicin, chili powder, safrole), cytotoxicity
(Withania somnifera, safrole-2’, 3'-oxide, etc.), nephrotoxicity
(aristolochic acid, turmeric, etc.), teratogenicity (pyrrolizidine
alkaloid monster, heliotrine), and gastrointestinal effects (red
pepper, fennel, etc.).3* Brown® discussed case studies of 12
dietary supplements and 21 herbs that give rise to a possible
risk of hepatic injuries in certain individuals. These reports
are alarming and compelling researchers to assess the safety
of phytochemicals in long-term use. Toxicological studies on
phytochemicals not only enrich the ethnopharmacology but
also augment the careful utilization of phytochemicals and
prevent undesirable effects, which seem to be a prime hurdle
for the long-term use of modern medications.* As per the
Organisation for Economic Co-operation and Development

(OECD) TG 407 (2008),*" subacute toxicity studies are usually
planned and performed after getting early details in acute toxicity
studies. It improves understanding of the probable untoward
effect on health likely to occur from continuous utilization of
medicines over a short period and is considered a foundation
for conducting subchronic and chronic toxicological studies.*®
Additionally, subacute toxicology studies in experimental
animals are thought to be a mandatory stage to start with for
clinical trials and thereafter marketing of drug molecules.®

Acute toxicity studies on VA are reported in the literature and
the LD50 value was reported as 5020 mg/kg i.p. in rats and
2691 mg/kg i.p. in mice.*%2 However, the currently available
scientific literature does not contain enough data on subacute
toxicity studies of VA. Hence, it was decided to perform a
subacute toxicity study to determine the toxic effect (if any)
of VA on physiological processes (such as erythropoiesis and
leukopoiesis) and vital internal organs in rodents.

MATERIALS AND METHODS

Chemicals

VA (HSN-29189900) was procured from Sigma (St. Louis, MO,
USA). Biochemical kits were purchased from Transasia Bio-
Medicals Ltd. and Lab-Care Diagnostics (India) Pvt Ltd. All
chemicals and biochemical kits were of analytical grade.

Experimental animals

Wistar albino rats of both sexes were procured from the National
Institute of Bioscience, Pune. They were kept in propylene
cages and room temperature of 22+1°C was maintained with
alternate light and dark cycles. All the rats were allowed to
eat high quality pelleted food and drink water ad libitum. The
Institutional Animal Ethics Committee of AIKTC's, School of
Pharmacy, Navi Mumbai, India approved all the experimental
protocols.

Limit test

As per the OECD TG 407 (2008),*" this test was carried out
by administrating one dose of VA (2000 mg/kg) to Wistar
rats to make a decision about the dose of the subacute
toxicity study. The animals were critically examined for any
morbidity as well as mortality.

Subacute toxicity

As per the OECD TG 407 (2008),%" 3 groups of rats were
prepared consisting of 12 rats (6 female and 6 male) in each.
The VA (1000 mg/kg/day) was orally administered for 2
weeks to the treatment group, whereas an identical volume of
vehicle was given to the control group. To check reversibility,
the satellite group was orally administered VA (1000 mg/
kg/day) for 2 weeks and then kept for a further 2 weeks
after treatment for observation. The toxic signs, body weight
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changes, water consumption, food intake, and mortality were
recorded on a weekly basis. On day 15 the rats in the control and
treatment groups were exposed to isoflurane for producing an
anesthetic effect and blood samples were collected in tubes
coated with ethylenediaminetetraacetic acid to determine the
complete blood count, which includes hemoglobin (HGB) count,
white blood cell (WBC) and red blood cell (RBC) count, etc.
For the other biochemical estimations nonheparinized blood
samples were collected. Thereafter, all rats were sacrificed
and their internal vital organs were dissected for measuring
organ weight and to carry out gross anatomical studies. All
isolated organs were stored in 10% buffered formaldehyde to
carry out histopathological examinations.

Statistical analysis

GraphPad InStat version 3.0 (GraphPad, San Diego, CA, USA)
was used to analyze the data. One-Way ANOVA was applied
followed by Dunnett's multiple range test. The results were
expressed as mean t+ standard deviation and p<0.05 was
considered statistically significant.

RESULTS

Limit test

No mortality or signs of toxic effects were observed; hence as
per the guideline of OECD 407 (2008), 1000 mg/kg dose was
selected for the subacute toxicity study.

Clinical examination, food and water consumption, and body
weight

The treatment and satellite groups did not show any signs of
toxicity or mortality within the study period. Usual increases
in body weights and food and water consumption were observed
in the treatment and satellite groups in comparison with the
rats in the control group.

Hematological evaluations

Tables 1 and 2 contain the findings of the hematological
evaluations. The treatment group showed normal rises in RBC
count, HGB, platelet (PLT) count, mean cell hemoglobin (MCH),
MCH concentration (MCHC), packed cell volume (PCV), and
mean corpuscular cell volume (MCV) in both sexes of Wistar
rats but significant increases in all hematological parameters
were recorded in the satellite group rats. In addition, the WBC
counts of rats in the treatment and satellite groups were within
the reference range and were insignificantly different compared
to those of the normal control group although the neutrophil
count was slightly increased in male rats in the treatment
group, which was reversed after 2 weeks in the satellite group
(Table 2). The eosinophil, monocyte, and lymphocyte counts in
the treated and satellite groups showed no remarkable change
in comparison with the rats in the normal control group.

Blood biochemistry

The findings of the clinical biochemistry analysis are shown
in Table 3. It involves estimation of lactate dehydrogenase
(LDH), total protein (TP), creatinine (CR), total bilirubin (TB),
direct bilirubin (DB), blood glucose (BG), serum glutamic-

oxaloacetic transaminase (SGOT), serum glutamine-pyruvic
transaminase (SGPT), albumin (ALB), electrolytes [potassium
(K), calcium (Ca), chloride (CD, and phosphate (P)], blood urea
nitrogen (BUN), alkaline phosphatase (ALP), and lipid profile
[triglycerides (TGs), total cholesterol (TC), and high density
lipoprotein (HDL)]. Application of VA to the treatment group
rats caused no shift in biochemical parameters in comparison
with the normal control rats except for statistically significant
decreased sodium levels in the male treatment group, which did
not recover in the satellite group to normal levels.

Relative organ weight, gross necropsy, and histopathological
findings

Table 4 shows the effect of VA on relative internal organ weight.
No significant variation was observed in relative organ weights
of the treatment and satellite groups in comparison with the
normal control group, although the liver weight of treated
rats (male) was high in comparison to that of normal control
rats, but it was reversed in the respective satellite group. Gross
anatomical examination of vital organs and/or systems of rats

Table 1. Effect of vanillic acid on hematological evaluations at the
end of the study

Gender & parameters Groups

Male Control VA! VA:

Hb (g %) 13.00+0.44  12.42+0.63  14.53+0.58*
RBC (x10°/mm?) 7.34+0.23 6.82+0.12 8.62+0.43*
WBC (x103/mm?) 11.88+3.74 11.3041.61 11.30+3.89
PLT (x105/mm?) 9.48+1.20 7.37£115 9.50+0.96
PCV (%) 33.86£1.29  29.40+5.06 46.71+£2.31*
MCV(fL) 46.06+0.56  50.50+117*  54.20+0.91*
MCH (pg) 17.61+0.23 18.93+0.79  16.80+0.38*
MCHC (g/dL) 38.33+0.42 37.93+197  31.08+0.65*
Female

HGB (g %) 12.35+0.80  12.46+0.58 14.25+0.52*
RBC (x10°/mm?) 6.89+0.40 6.79£0.27  7.90+0.38*
WBC (x103/mm?) 10.13£2.91 10.45+2.77  11.78+3.60
PLT (x105/mm?) 8.87+1.79 7.94+0.59 9.38+1.81
PCV (%) 32.73+£190  33.61+1.61 45.31+2.03*
MCV(fL) 4758+0.75  49.58+1.23* 57.38x1.17*
MCH (pg) 17.88+0.33  18.30+0.37  18.01+0.41
MCHC (g/dL) 37.66+£0.75  37.05+0.95 31.4+0.42*

Values are presented as mean + SD, * significantly different from control, p<0.05
VA!is a group of rats that received treatment of VA (1000 mg/kg p.o0.) for 2 weeks
and were then sacrificed

VA® is a group of rats that received treatment of VA (1000 mg/kg p.o.) for 2 weeks,
kept under observation for an additional 2 weeks without treatment, and then
sacrificed

VA: Vanillic acid, HGB: Hemoglobin, RBC: Red blood cell, WBC: White blood cell,
PLT: Platelet, PCV: Packed cell volume, MCV: Mean corpuscular cell volume, MCH:
Mean cell hemoglobin, MCHC: Mean cell haemoglobin concentration, SD: Standard
deviation



MIRZA and PANCHAL. Subacute Toxicity Study of Vanillic Acid in Rats 435

in the treatment and satellite groups did not show any major
irregularities in comparison to normal control group rats.

Microscopically, normal histomorphological structures with
intact length of nerve fibers and normal cellular details were
observed in tissue sections of the sciatic nerve. Sections
of the brain showed intact supporting matrix and normal
histomorphological structures of neurons. Heart sections of
the treatment group revealed no changes in the structures
of cardiac muscle fiber, and cardiac fibers were found to be
organized in a compact and dense manner, having normal nuclei
and cell striation with intact length. Renal tissue slices revealed
no major structural alteration in renal tubules and glomeruli.
Liver tissue showed normal structures of hepatocytes,
central veins, and portal triads in intact hepatic parenchyma.
Hepatocytes had normal intact nuclei and cellular borders and
were arranged as cords. Histopathological sections did not
show any inflammatory or metabolic changes. Representative
sections of the histological studies are shown in Figure 1.

DISCUSSION

VAis aflavoring agentand foundto have diverse pharmacological
actions.”?® The safety of VA in future use may be a major
concern specifically to make a decision about the optimum
dose and to avoid untoward effects, but such information
is lacking in the present scientific literature. A subacute
toxicity study is preliminary to a chronic study.®”* In addition,
the results of the present study will not only enrich the
pharmacological profile of VA but also encourage evidence-
based pharmacotherapeutic use. In the light of these facts,
we conducted a subacute toxicity study. Initially, a limit test
was carried out, which helped us to make a decision about

the dose of VA for the subacute toxicity study by oral
administration of one dose of 2000 mg/kg. Rats showed no
signs of toxicity or mortality. Hence, it can be concluded that VA
(1000 mg/kg b.w.) could be safe for use in a subacute toxicity
study.

The study was designed by referring to OECD TG 407 (2008).%
All essential examinations were included in the study, such as
daily observation for toxic signs, mortality, measurement of
weights, water intake, food consumption, all hematological and
biochemical estimations within the blood, gross necropsy, and
histopathological studies of the vital internal organs. However,
we would like to declare that not all examination mentioned in
OECD TG 407 were included in the study (such as urine analysis,
estimation of T3, T4, TSH hormone, and cholinesterase).

Clinical observation for toxic signs, food and water consumption,
and body weight measurements helped us to monitor
progression from covert toxicity to overt signs. If the rat is
not in a state of well-being it will not consume enough food
or drink the necessary quantity of water. Therefore, clinical
observation, food and water intake, and body weights are the
indicators of general health and relative organ weight indicates
organ toxicity, which may be revealed by hypertrophy and/or
hyperplasia. Hence, these evaluations are pivotal in subacute
toxicity studies.”** Rats in the treatment and satellite groups
received VA (1000 mg/kg/day) orally for 2 weeks and they were
monitored daily during the dosing period for any mortality or
signs of toxicity like physiological activities (e.g., pilomotor
reflex, abnormal breathing pattern, pupil size, lacrimation),
abnormalities of the skin, mucous membranes, fur, and eyes,
and occurrence of secretions. Postural changes and reactions
to gait and handling were monitored along with the presence of

Table 2. Effect of vanillic acid on differential leukocyte count at the end of the study

Gender & parameters Group

Control VA! VA®
Male
WBC (x103/mm?) 11.88+3.74 11.3041.61 11.30+1.61
Neutrophil % 44.66+8.80 45.83+10.34 5912+7.88*
Eosinophil % 2.83+2.85 6.00+7.45 1.00+0.89
Lymphocyte % 51.00£9.71 47.50+15.78 39.00+6.95
Monocyte % 1.50+1.76 0.66+0.51 0.83+0.75
Female
WBC (x103/mm?®) 10.13+2.91 10.45£2.77 11.78+1.47
Neutrophil % 44.00£17.29 47.33£11.72 60.00+5.93
Eosinophil % 6.00+4.60 4.00+4.33 0.66+0.81
Lymphocyte % 49.33+21.22 48.00+14.79 38.66+5.35
Monocyte % 0.66+0.51 0.66+0.51 0.66+0.51

Values are presented as mean + SD, *significantly different from control, p<0.05

VA!is a group of rats that received treatment of VA (1000 mg/kg p.o.) for 2 weeks and were then sacrificed
VAs is a group of rats that received treatment of VA (1000 mg/kg p.0.) for 2 weeks, kept under observation for an additional 2 weeks without treatment, and then sacrificedVA:

Vanillic acid,
VA: Vanillic acid, SD: Standard deviation, WBC: White blood cell
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Table 3: Effect of vanillic acid on biochemical evaluations in wistar

rats

Gender & Group

parameters Control VA! VA®

Male

BG (mg/dL) 89.26+10.42  97.22+9.83 91.58+7.18
BUN (mg/dL) 20.24+1.94 2144+ 212 20.82+1.72
CR (mg/dL) 0.51+0.04 0.52+0.02 0.50+0.09
TP (g/dL) 6.48+0.76 7.21+0.42 718+0.41
ALB (g/dL) 4.97+0.23 517+0.22 5.02+0.21
TB (mg/dL) 0.21+0.03 0.23 +0.03 0.22+0.04
DB (mg/dL) 0.062+0.01 0.093+0.07 0.086+0.04
SGOT (U/L) 84.32+7.32 83.62+3.63 81.17+7.23
SGPT (U/D) 32.81+3.73 34.33+3.05 32.58+2M
ALP (U/D) 262.48+6.69  256.58+31.28  250.24+33.79
Ca (mg/dL) 11.21+0.78 1119+0.63 10.74+1.09

K (mEg/L) 7.54+1.89 7.41+0.46 8.08+1.18

Cl (mEq/L) 103.76+5.69 110.53+14.61 106.79+719
Na (mEq/L) 86.03+4.90 63.66+7.46* 58.33+10.24*
P (mg/dL) 5.93+1.87 5.38+0.69 519+0.62
LDH (U/L) 361.44+82.50 408.53+78.92  384.54+34.89
HDL (mg/dL) 20+3.53 20.41+3.68 21.25+4.67
CHL (mg/dL) 81.44+7.92 79.23+6.26 82.27+7.61
TG (mg/dL) 110.66+6.22  113.39+7.29 112.88+5.45
Gender & Group

Parameters Control VA VA*

Female

BG (mg/dL) 98.23+13.75 96.35+ 8.04 97.52+11.86
BUN (mg/dL) 22.07+11.67 20.16+4.61 2196 +2.28
CR (mg/dL) 0.49+0.10 0.50+0.07 0.52+0.05
TP (g/dL) 7.37+0.48 7.24+0.19 719+0.35
ALB (g/dL) 4.99+0.39 5.05+0.36 512+0.26
TB (mg/dL) 0.24+0.04 0.22+0.04 0.25+0.04
DB (mg/dL) 0.081+0.05 0.11+0.05 0.09+0.04
SGOT (U/L) 73.08+9.29 77.67+4.96 80.121+7.20
SGPT (U/L) 28.80+3.94 30.26+3.77 32.58+3.05
ALP (U/L) 152.77+12.80  156.4+10.98 150.50+18.81
Ca (mg/dL) 11.38+1.02 1115+1.06 10.99+1.01

K (mEgq/L) 8.75+0.85 7.95+0.78 7.62+1.64

Cl (mEq/L) 106.77+7.27 107.5+6.62 110.60+9.49
Na (mEg/L) 82.33+15.46  T71.79+9.86 70.17+5.85

P (mg/dL) 6.11+0.73 6.28+0.95 6.27+1.19
LDH (U/L) 47390+117.43  424.96+11.68 397.71+29.38
HDL (mg/dL) 21.66+4.37 20+3.53 21.25+4.67
CHL (mg/dL) 87.96+4.14 85.83+6.58 86.73+5.66
TG (mg/dL) 108.37+8.08  106.12+5.54 105.27+4.53

Values are presented as mean + SD. *significantly different from control, p<0.05
VA'is a group of rats which received treatment of VA (1000 mg/kg p.o) for 2 weeks
and then sacrificed, VA® is a group of rats which received treatment of VA (1000
mg/kg p.o) for 2 weeks; kept under observation for an additional 2 weeks without
treatment and then sacrificed

BG: Blood glucose, BUN: Blood urea nitrogen, CR: Creatinine,TP: Total protein,
ALB: Albumin, TB: Total bilirubin, DB: Direct bilirubin, SGOT: Serum glutamic-
oxaloacetic transaminase, SGPT: Serum glutamine-pyruvic transaminase, ALP:
Alkaline phosphatase, Ca: Calcium, K: Potassium, Cl: Chloride, Na: Sodium, P:
Phosphate, LDH: Lactate dehydrogenase, HDL: High density lipoprotein, TG:
Triglycerides

activities (e.g., immoderate grooming, continuous circling) or
strange actions and clonic/tonic movements.® The treatment
and satellite groups did not show any signs of toxicity or
mortality within the course of the study period in comparison
with the normal control group. In addition, the treatment and
satellite groups showed a normal increment in body weight,
water consumption, and food intake. Table 4 shows the effect of
VA on relative internal organ weight. The liver weight of treated
rats (male) was high in comparison to the normal control rats,
but it was reversed in the respective satellite group. Increase
in liver weight was considered an adaptive and nonadverse
reaction.“® Other internal organs in the treatment group did not
manifest any remarkable impact on internal organ weight.

Biochemical estimations in the blood and hematological
evaluations are important indicators in finding out the
mechanism of toxic effects?* and the parameters were
selected not only to detect target organ toxicity but also
to detect pretoxic changes that might predict impending
toxicity.®®“ The results are shown in Tables 1-3. The RBC, PCV,
HGB, MCH, MCV, MCHC, and PLT counts of male and female rats
in the treatment group did not reveal any remarkable increase
when compared with the normal control group. Significant
increases in all the hematological parameters were observed
in rats in the satellite group, which were within the reference
range, and this cannot be regarded as an undesirable effect
of VAS® This can be justified by considering the contrasting
situation of the decline in the RBC and HGB counts and other
hematological evaluations, which confirmed anemic condition
and untoward impact on functioning of erythropoietic stem
cells. In addition, the WBC counts of rats in the treatment and
satellite groups were within the reference range and had no
remarkable difference when compared with the normal control
group, although the neutrophil count was slightly increased
in the satellite group in both sexes. This, however, cannot be
considered a consequence of infection and inflammation. The
eosinophil, monocyte, and lymphocyte counts in the treatment
and satellite groups showed no remarkable changes when
compared with the normal control group. Therefore, it might be
concluded that VA is nontoxic and did not alter the function or
efficacy of myeloid tissue.
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Table 3 shows the effect of VA on biochemical evaluations. The
plasma levels of TP, CR, TB, BG, ALB, electrolytes (K, Ca, Cl, P),
BUN, ALP, and lipid profile (TG, TC, and HDL) were unaltered.
However, some of the biochemical parameters showed
nonsignificant alterations in male and female rats, which
included DB, SGOT, SGPT, and Na levels. DB, SGOT, SGPT, and
ALB levels are important indicators of liver function.” In male
treated and satellite group rats, an insignificant high level of
DB was observed in comparison with the respective control
group; even so no major alteration was reported in other liver
function tests (SGOT and SGPT). In female rats, DB level
was nonsignificantly increased among the treated rats, but
reversed within the satellite group with slightly increased
SGPT and SGOT levels in the treatment and satellite groups.
All the alterations were nonsignificant and not in coordination
with the macroscopic and histopathological findings in the liver
(Figure 1), conducted to correlate the biochemical findings of
the liver. 34 Furthermore, albumin levels were not significantly
altered in female and male rats. On the basis of these findings,
it can be concluded that VA does not have any subacute toxic
effect on the liver.

The effect of VA on renal function was assessed by estimation
of BUN, CR, TP, and LDH levels.>*>* No statistically remarkable

Table 4. Effect of vanillic acid on relative organ weights of Wistar
rats

Organ weight (g % body weight)

Treatment group

Organs Control VA! VA®

Male

Lung 0.47+0.01 0.46+0.01 0.48+0.01
Heart 0.37+0.01 0.39+0.05 0.38+0.01
Liver 3.71+x0.04 3.76+0.05* 3.69+0.01
Spleen 0.37+0.01 0.37+0.01 0.38+0.01
Kidney 0.47+0.001 0.45+0.02 0.48+0.001
Testis 0.63+0.02 0.61+0.03 0.60+0.03
Adrenal 0.017+0.001 0.016+0.001 0.016+0.001
Female

Lung 0.49+0.001 0.48+0.004 0.49+0.01
Heart 0.31+0.02 0.26+0.05 0.28+0.01
Liver 2.92+0.11 2.78+0.23 2.82+017
Spleen 0.25+0.01 0.23+0.02 0.22+0.02
Kidney 0.46+0.07 0.39+0.03 0.39+0.06
Ovary 0.11+0.01 0.09+0.005 0.091+0.01
Adrenal 0.016+0.001 0.014+0.001 0.016+0.001

Values are presented as mean + SD. *significantly different from control, p<0.05

VA'is a group of rats that received treatment of VA (1000 mg/kg p.o.) for 2 weeks
and were then sacrificed, VA® is a group of rats that received treatment of VA (1000
mg/kg p.o.) for 2 weeks, kept under observation for an additional 2 weeks without
treatment, and then sacrificed

SD: Standard deviation, VA: Vanillic acid

change was recorded in the renal functional parameters of male
and female rats in the treatment and satellite groups. The above
evaluations showed that oral administration of VA may not alter
the renal function, which is in concurrence with normal renal
macroscopic and histopathological findings (Figure 1) of female
and male rats in the satellite and treatment groups.

Electrolytes (K, Na, P, and Ca) in serum were evaluated during
subacute toxicity studies.*** In our study, P, K, and Ca evaluation
did not show any statistically remarkable change within the
treatment and satellite groups in comparison with the normal
control group. Although a significant decline in Na level was
observed in male rats in the treatment and satellite groups, a
statistically insignificant high level was reported in female rats
in the treatment group in comparison with the normal control
group. Based on the available knowledge of electrolyte balance,
we can propose the probable mechanism behind reduced
serum Na level. Firstly, it could be increased urinary loss and
high cellular uptake.>® Secondly, the process may be mediated
by antidiuretic hormone and atrial natriuretic peptide.>®
However, this might not be viewed as a serious unsafe
effect because a Na level below 20 mEg/L can only indicate Na
leakage from damaged renal tubules or hypovolemia® or this
effect can be recognized as a side effect as in the case of all
classes of antidepressant drugs.>® Repeated administration of

Tissues Control VA' VA®

Hippocampus

Heart

Liver

Kidney

Pancreas

AL

IR

P

Sciatic nerve RS g

Figure 1. Effect of vanillic acid on the histomorphology of the vital organs
of the rat
VA: Vanillic acid
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VA does not affect the lipid profile of male and female rats.
Thus, it is apparent that oral dosing of VA does not influence the
electrolyte balance or the process of lipid metabolism.

Gross necropsy and histopathological studies represent the
cornerstone within the process of safety evaluation before
trials in human patients, essential to find out any relationship
and relevance of treatment-related findings.**** In our study,
the toxic effect on internal vital organs (i.e. brain, heart, liver,
kidney, and sciatic nerve) was evaluated by gross necropsy
and histopathological studies (Figure 1), which revealed no
abnormality in any vital major organs. Thus, the result indicates
that the VA is reasonably safe at the selected subacute dose.

CONCLUSION

VA is a polyphenol with diverse pharmacological actions, but
no information on subacute toxicity studies is available in the
current literature. To enrich its pharmacological profile and
encourage its evidence-based pharmacotherapeutic use, a
subacute toxicity study was conducted using experimental rats.
To summarize, no mortality or clinical toxic signs were recorded
during the study period; normal rises in body and internal
organ weight were observed. The processes of leukopoiesis,
erythropoiesis, and physiology of internal organs were not
changed and no structural deformities were detected in the
gross necropsy or histopathological studies of vital internal
organs. The serum Na level was decreased in male Wistar rats
with no major changes in levels of the other electrolytes, and
this cannot be categorized as a major toxic effect. Hence, it can
be concluded that the VA is safe in experimental rats during
subacute toxicity studies. Further subchronic and chronic
toxicological research is needed to investigate the safety
characteristics of VA.
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