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Abstract. The consequences of blood biochemistry changes in fish which was exposed to tannin
compound (poliphenol) have not been investigated. Furthermore, the impact of plant decomposition in
certain water is poorly understood. North African catfish (Clarias gariepinus) was injected with a single
dose of Piper crocatum tannin. The fish was exposed (LD 25, 50 and 75% from 96 hours LC50) to tannin
concentration with the dose of 0.36, 1.08 and 1.80 mg/kg, and (75% of 96-hour LC50) to phenol
concentration (3 mg/kg) and P. crocatum tannin (1.8 mg/kg). The effects of tannin on hemoglobin and
blood biochemistry were measured 3 days after injection. The erythrocyte on hemoglobin and hematocrit
decreased significantly. The blood biochemistry such ALP (alkaline phospatase) and glucose also
significantly decreased. Meanwhile, there were some increase in blood urea nitrogen (BUN) and cortisol
hormone. The histopathological analysis of fish kidney and liver after phenolic exposure indicated some
tissue damage such as hypertrophy, congestion, and necrosis. This is the first report on effect of P.
crocatum leaves tannin on blood biochemistry and histopathology.
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Introduction. Traditional medicines derived from medicinal plants are used by about
60% of the world’s population (Firdaus et al 2015; Chamidah et al 2017). In Indonesia,
many plant exhibit bioactive compounds which has potency to be used for therapy such
antibacterial, hypo-cholesterol, atherosclerosis, hypertension (Harjana 2011; Prihanto et
al 2012). Piper crocatum leaves is one of the plant that has enormous therapy
applications. Dewi et al (2014) states that P. crocatum leafs can lower blood sugar and
cholesterol levels in Wistar rats’ trial. Harjana (2011) also confimed the P. crocatum leaf
capability on decreasing cholesterol level.
In nature, decomposition of plant materials more or less contributes to phenol
accumulation in a water environment (Ali et al 2011). This compound may affect the life
of aquatic organisms. Roche & Boge (1996) in their research explained that in vivo OHphenol towards Dicentrarchus labrax using metabolic indicator indicates several problems
such as hypoglycemia, low level of blood urea nitrogen (BUN), and decreased activity of
alkaline phosphatase (ASP). Furthermore, Emrizal et al (2014) reported that P. crocatum
leaves had cytotoxic activity.
Several phytochemical compounds of P. crocatum leaves have been reported.
Craft et al (2012) showed that P. crocatum leaves contain compounds such as flavonoids,
alkaloids, terpenoids and tannins. Phenolic compounds are the example of toxic
chemicals which disrupt the endocrine system and hormones (Kuch & Ballschmiter 2001).
These compounds also have great potential to interfere the immune system and increase
the risk of secondary infections in fish (Writer et al 2010; Awachie & Ezenwaji 1998).
Phenolic compounds are commonly found in ocean and in fish tissue, and its
characteristics are chronic toxicity and chronic immunotoxicity (Mukherjee et al 1990;
Taysse et al 1995).
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Phenolic compound is mainly toxic compound. Cytotoxic activity of P. crocatum
leaves (P. crocatum) in Artemia which is tested based on the fraction has 2.04 ug/mL of
LC50 (n-hexane), 1.34 ug/mL of LC50 (ethyl acetate) and 2.08 ug/mL (fraction butanol)
of LC50 Emrizal et al (2014) reported that. Phenolic compounds are difficult to be
detected, due to its light taste and smell (Tilak et al 2007). Therefore phenolic
compounds become concern in aquatic environment.
Clarias gariepinus is one of the fishes which live in freshwater habitat such as
rivers, irrigation canals, and lakes. C. gariepinus faces the risk of being exposed to
chemicals in nature or in farming activities which use waste water containing phenol
residue for its production activity. Surprisingly, there is insufficient information on the
tannin toxicology effect and pathological consequences on C. gariepinus. Hence, in this
study we investigated the effect of polyphenol compound in P. crocatum leaves (P.
crocatum) towards blood biochemistry and histopathology.
Material and Method
Isolation and characterization of poliphenol in P. crocatum leaves. P. crocatum
leaves was obtained from herbal plants farmer in Malang, East Java. Maceration method
with methanol as eluent was performed for isolating poliphenol (tannin) was done by
using methanol following a protocol of Prihanto et al (2012). It was further purified based
on Sundang et al (2012) method, thin-layer chromatography and column
chromatography following the protocol of Bigoniya & Singh (2014) and Vasconcelos et al
(2010). Polyphenol was characterized by using UV-Vis spectrophotometer and infrared
along with comparison of standard tannin.
Animal testing. C. gariepinus from “Fish Breeding Centers” Kepanjen, Malang with the
size of 10–12 gram were used for study. There were 10 fish in each aquarium. The fish
was maintained in water flow system and experienced five days of adaptation prior to
treatment. The range of water quality, DO, pH, and temperature was set as follow: 4.91–
5.73 mg/L, 7.2–7.5, 25–26oC, respectively. Commercial fish feed was applied in this
research. The composition of the fish feed was: fish meal 65%, corn gluten meal 38%,
soybean meal 42% and wheat meal 17%.
Fish treatment with lethal concentration extracts. Four groups (10 fish/aquarium)
under control; 50% of P. crocatum tannin as deadly concentration was given for 96
hours. Prior to determine the lethal concentrations, we investigated it by using brine
shrimp lethally test (BSLT) following the method of Firdaus et al (2013) (unpublished
data). The LC50 was 0.36 mg/kg (LD 25), 1.08 mg/kg (LD50) and 1.80 mg/kg (LD 75).
The exposure period of tannin compound was investigated for 3 days after the single
injection. Control negative (without extract treatment) and positive control (phenol 3
mg/kg) was applied in the experiments.
Sample of blood and tissue. The samples of blood, kidney, and liver were taken after 3
days of exposure. The analysis followed the method of Roche & Boge (1996) and
Varadarajan et al (2014) with slight modifications. Blood sample was taken from fish
cardinal vein. It was directly centrifuged with the speed of 3000 rpm at 4oC for 15 min.
The serum was separated and stored in -20oC until further analysis. Liver, as well as
kidney were dissected and stored in 4% neutral buffered formaldehyde solution.
Blood biochemistry analysis. Measurement of hemoglobin was performed by using
Sahli method (Wedemeyer & Yasutake 1977). Hemoglobin analysis was indicated on the
unit of Hb/100 mL. The hematocrit measurement was performed by using capillary
method (Anderson & Siwicki 1995). Then, BUN was measured by using a method from
Chaney & Marbach (1962) and Searcy et al (1967). The glucose and ALP (alkaline
phospatase) level were measured with colorimetric method. The concentration of plasma
cortisol (Cort) was measured by using radioimmunoassay (RIA) following Foster & Dunn
(1974) method.
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Data analysis. The obtained data were analyzed by using Analysis of variance (ANOVA)
with Minitab 14 software for Windows.
Results. The result of blood biochemical (hemoglobin, alkaline phosphatase, level of
blood urea nitrogen, and level of glucose) analysis could be seen in Table 1. The highest
(10.67±0.58) hemoglobin count was found in the lowest extract treatment (A treatment).
It seemed that higher extract will resulted in the lower hemoglobin count. This trend was
also found for ALP and glucose analysis. In contrast, the different trend was noted in BUN
result. The higher of the extract the higher of the BUN.
Table 1
The analysis results of the biochemical parameters of blood (hemoglobin, alkaline
phosphatase, level of blood urea nitrogen, and level of glucose)
Treatment
X
A
B
C
Y

Hemoglobin
(Hb/100 mL)
14.67±1.15
10.67±0.58
10.00±1.00
8.33±0.58
6.67±0.58

ALP
U/L
14.00±1.00
7.67±0.58
6.33±0.58
5.33±0.58
6.33±0.58

BUN
(mg/DL)
2.40±0.20
2.97±0.12
3.40±0.26
3.47±0.23
3.40±0.20

Glucose
(mg/DL)
43.67±2.52
33.67±2.08
30.67±2.52
26.67±1.53
27.00±1.00

X - Negative control (without treatment); A - poliphenol (tannin) P. crocatum 0.36 mg/kg; B - poliphenol
(tannin) P. crocatum 1.08 mg/kg; C - poliphenol (tannin) P. crocatum 1.80 mg/kg; Y - Positive control (phenol
3 mg/kg).

The result from data analysis revealed that hemoglobin after the exposure of tannin
compound was significantly different with other treatment in the standard of 5%, Fcal:
28.85 (P>0.05). Based on Table 1, the hemoglobin level in C. gariepinus without
treatment (control group) was 14.67 hb/100 mL. Meanwhile, ALP after tannin compound
exposure was significantly different with other treatment in the standard of 5%, Fcal:
91.11 (P>0.05). Based on Table 1, the ALP value in C. gariepinus without treatment
(control group) was 12.67 U/L.
BUN after tannin compound exposure was significantly different with other
treatment in the standard of 5%, Fcal: 16.42 (P>0.05). Based on Table 1, the BUN value
in C. gariepinus without treatment (control group) was 2.4 mg/dL. Meanwhile, glucose
analysis revealed that after the exposure of tannin compound was significantly different
with other treatment in the standard of 5%, Fcal: 14.84 (P>0.05).
Kidney alteration. Necrosis and congestion was found after phenolic injection.
Histopathology analysis of kidney was depicted in Figure 1. Necrosis and congestion of
kidney tissue was occurred in the treatment of P. crocatum extract and positive control.

Figure 1. Renal histopathology of Clarias gariepinus. (a) normal kidney (control), (b)
exposure with tannin, (c) exposure with phenol. Arrow No. 1. The distal tubule (T);
2. Hematopoietic network (HN); 3. Necrosis; 4. Congestion (400 x magnifications by light
microscopy).
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It was further observed by using scoring analysis. The mean result of the viewing area of
kidney tissue was presented in Table 2.
The average value of the necrosis analysis indicated that the treatment analysis in
the concentration of 1.80 mg/kg contributed the same result with positive control. In
case of necrosis, treatment of 1.8 mg/kg was the lowest concentration of tannin to give
the same effect as a positive control (3 mg/kg). Meanwhile, congestive tissue of kidney
was also occurred in the treatments. Control positive contributed to the worst congestive
in kidney tissue. In the concentration of 1.80 mg/kg, the treatment showed lower size.
Hence, the treatment indicated slight different effect on necrosis and congestion of
kidney tissue.
The average value of necrosis and congestive view size in kidney tissue
Abnormalities
histology
Necrosis
Congestive

Table 2

Treatment

Average of view size

Negative control (without treatment)
Tannin (1.80 mg/kg)
Positive control (3 mg/kg)
Negative control (without treatment)
Tannin (1.80 mg/kg)
Positive control (3 mg/kg)

1
2.2
2.2
1
1.8
2

Liver alteration. After phenolic injection the liver tissue experienced damage such
necrosis and hypertrophy. It was then observed by using scoring assessment. Figure 2
represented the normal liver tissue, the liver tissue which was exposed to tannin, and the
liver tissue which was exposed to phenol.

Figure 2. Liver histopathology of Clarias gariepinus. (a) normal liver (control), (b)
exposure with tannin, (c) exposure with phenol. Arrow No. 1. The distal tubule (T); 2.
Sinusoid (S); 3. Necrosis; 4. Hypertrophic (400 x magnifications by light microscopy).
The average size of the area of liver tissue which experienced necrosis, as well as
hypertrophy could be seen in Table 3. Under the tannin exposure of 1.80 mg/kg, the
damage of the tissue exhibited lower size than that of positive control (30 mg/kg).
Contrastingly, in the hypertrophy, similar effect was shown by treatment and positive
control with the average size of 3.2.
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The average value of necrosis and hypertrophy view size in liver tissue
Abnormalities
histology
Necrosis
Hypertrophy

Table 3

Treatment

Average of view size

Negative control (without treatment)
Tannin (1.80 mg/kg)
Positive control (3 mg/kg)
Negative control (without treatment)
Tannin (1.80 mg/kg)
Positive control (3 mg/kg)

1
2.2
3.2
1
3,2
3,2

Discussion. Blood analysis indicated that the hemoglobin is reduced by treatments.
Hemoglobin level in healthy C. gariepinus is in the range of 12-14 Hb/100 mL Alamanda
et al (2007). In several report, an addition of phenolic compounds on the fish, will reduce
the amount of hemoglobin. Study by Varadarajan et al (2014) revealed that giving
phenolic compound to Oreochromis mossambicus will also decrease the hemoglobin. This
is due to the enlargement and/or damage of red blood cell (Harikrishnan et al 2003).
However, some contrast results were reported by Roche & Boge (1996) which reported
the increase of hemoglobin concentration after being injected with phenol.
ALP activity on the blood could be affected by several factors such as age, weight,
and species. The normal ALP on fish should be about 30-60 U/L, even though the value of
blood biochemistry can be different for each species. This result was similar with the
study of Roche & Boge (1996) which explained that phenolic injection to D. labrax fish
would decrease ALP. It is caused by nephrotoxicity and elimination (Peters et al 1997).
BUN value was relatively diverse which was caused by various factors such as
age, weight, and species. However, fish normally has low BUN value (Hrubec et al 1997).
Compared to D. labrax with the range of BUN in the range of 9-12 U/L, BUN in this study
was low. The increase of BUN value was possibly because of the reduction of kidney’s
cells function. The change in BUN value after phenolic exposure was presumed to be the
effect in protein metabolism (Gupta et al 1983).
Based on Heath (1987), normal blood glucose level in C. gariepinus was in the
range of 41-150 mg/dL. Varadarajan et al (2014) reported that phenol exposure in O.
mossambicus fish shows a decrease of glucose level due to disorder of metabolism,
homeostasis of blood glucose, and hormone. The decrease of glucose could also be
induced by chronic stress of fish. The result of this stress is hypoglycemia (Hrubec et al
1997).
Necrosis was found in all organs. Necrosis is a condition where tissue cells
experience premature death, it begins with low activity in the tissue which leads to
malfunction of infected cells (Price & Wilson 2006; Maftuch et al 2016). Liver and kidney
were the main organs to detoxify organic xenobiotic. Liver damage due to phenol
exposure was in line with study of Abdel-Hameid (2007) which found that phenol
concentration in body water caused organs alteration. Phenolic addition to tannin and
phenol treatment resulted in moderate tissue damage as shown in scoring assessment.
This alteration causes disorder of endocrine organs. Hence, it might interfere the
metabolism of organism, thus the organ could not function normally. This phenomenon
was also noted by McKim et al (1999). Oncorhynchus mykiss which has been exposed to
phenolic compounds showed damage of renal tubular epithelia. The disorder of kidney
was responsible to filter and excrete materials which were unnecessary for the body,
including compounds and toxic heavy metals. The toxic compounds or metals contribute
to the kidney damage (Fitriawan et al 2011).
C. gariepinus shows abnormal sign such as liver necrosis after being exposed to
phenolic compound (Ibrahem (2012). Liver is the main organ for detoxification of organic
xenobiotics which causes proportional changes to the liver as the result of phenol
exposure Abdel-Hameid (2007). It was note that the exposure of tannin could trigger
organs alteration.
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Conclusions. The treatment of tannin on fish affected blood biochemistry and several
organs alterations. Blood biochemistry, hemoglobin, blood urea nitrogen (BUN), glucose,
and alkaline phosphatase (ALP) decreased. Kidney damage in the form of necrosis could
be seen from kidney and liver histopathology tests. Hence, it was obvious that the
exposure of tannin compound with different doses had different effects towards the blood
biochemistry and organs tissues of C. gariepinus.
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