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Abstract

[bookmark: 1fob9te][bookmark: 3znysh7][bookmark: 2et92p0][bookmark: tyjcwt]Rapid growth is of paramount importance for young fish. Therefore, studies focused on the rate of growth in freshwater and marine fish species were done with a major the objective to study the effects of antraquinone extract from rheum palmatum on the growth of Rutilus frisii kutum. Kutum fingerlings were divided randomly into four groups: a control group fed on basal diet, three treatment groups fed on a basal diet supplemented with 0.5%, 1% and 2% anthraquinone extract respectively. The growth was monitored after 8 weeks. FCR and SGR were higher in supplemented groups with antraquinone extract. The group supplemented with 0.5%-2.0% antraquinone extract from Rheum palmatum significantly had increased in growth. It was shown that  that 0.5%-2% anthraquinone extract from Rheum palmatum that was added to basal diet promoted growth of fish.
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Introduction
      
[bookmark: 3dy6vkm]Growth is a very important aspect in life of young fish as regards their survival potential and metabolism. In the pelagic marine environment, it has been demonstrated that predation mortality decreases sharply with increasing body size (1, 2).  Mortality rate of marine pelagic fish eggs and larvae are even higher (3). 

[bookmark: 1t3h5sf][bookmark: 4d34og8]Kutum (Rutilus frisii kutum, Kamensky 1901) is one of the most important and economical fish of the south shores of the Caspian Sea. The meat of this fish has a very good taste. It is valuable food for people in Iran. Each year millions of artificially propagated larvaes of this fish are released into the rivers for repopulation. Previously the population of this fish had declined due to overexploitation of brood stocks and changes in the ecology of the rivers., The larvae of this fish are released in rivers when they are one gram of weight. A high proportion of of them are usually killed before reaching the fingerling stage. Worse still, some of the larvae take a long time to reach the fingerling stage (4). To reverse this trend, aquaculturists needed to develop technologies to induce fast growth fish larvae by feeding them on supplementary diets enriched with various feed additives and growth promoters. One of these additives are plant extracts.

[bookmark: 2s8eyo1][bookmark: 17dp8vu][bookmark: 3rdcrjn]One of the plant candidates whose extract could used be Rhubarb. Rhubard is commonly used worldwide herb and is officially stipulated in Chinese pharmacopoeia. In Chinese pharmacopoeia, the official rhubarb is prescribed as the dried rhizome and root of Rheum palmatum, Rheum tanguticum and Rheum officinale (5). 

[bookmark: 26in1rg][bookmark: lnxbz9][bookmark: 35nkun2]The anthra- quinone extracts of Rhubarb have many pharmacological activities such as purgative (6), anti-inflammatory (7), anticancer (8,9), nephric protection (10,11), liver protection (12), antimicro- bial and hemostasis (5). The roots and stems are rich in anthraquinones, such as emodin (1,3,8-trihydroxy-6-methyl-9,10-anthraquinone) and rhein. These substances are cathartic and laxative, which explains the sporadic abuse of Rhubarb as a slimming agent. It’s astringent qualities makes Rhubarb an excellent agent for improving the tone and health of the digestive tract. Its laxative effects make it a valuable aid in the treatment of chronic constipation, hemorrhoids, and gastroenteritis (8). 

[bookmark: 1ksv4uv]Some examples of Chinese herbal medicines application in mammals and fish are: enhance the activity of antioxidant enzymes, and alleviate the effects of free radicals and lipid peroxidation (13, 14), increase the lesozyme activity and leukocyte function of the shrimp penaeus chinesis and tilapia Oreochromis niloticus (15,16), increase the phagocytosis of white blood cells and lysozyme activity of crucian carp Carassius auratus gibelio (17), increase the number of NBT cells and lysozyme activity of common carp Cyprinus carpio, as well as NBT cell numbers of large yellow croaker Pseudosiaena crocea (18,19,20), promote the growth of common carp Cyprinus carpio, raise the capability to resist stress and reduce the pathogenic infection (21), increase immune and anti-oxidation capability of prawns, enhance resistance to high temperature stress, protect freshwater prawn against the pathogenic infection, and promote the growth of Prawns (22). 

[bookmark: 44sinio][bookmark: 2jxsxqh][bookmark: z337ya]However, so far studies have been performed on the effects of a few species of rhubarb on fish. No studies have been done on effects Rheum palmatum on fish. It was against the above background that this study was designed to evaluate the effect of anthraquinone extract from R. palmatum on the growth of Rutilus frisii kutum. 

Material and methods

Kutums (Rutilus frisii kutum) larvae were collected from Voshmgir dam (one of breeding centers) in Iran. They were  kept in 12 aquavariums measuring (70 cm × 30cm × 20 cm). The average initial body weight of the larvae was 6.74g. Larvae were  randomly divided into four groups:- the control group on a basal diet, and three treatment groups fed a basal diet supplemented with 0.5%, 1.0% and 2.0% anthraquinone extract, respectively.

[bookmark: 1y810tw]The roots of R. palmatum were obtained from local market in Iran. The roots of R. palmatum were extracted using a soxhelet method (8).
Larvae were acclimatized in aquavariums for 30 days and then fed on trial diets. The amount of feed given was  2-4.5% body weight (BW). Feeding was conducted twice a day, 0ne at 8:00-9:00 a.m in the morning, the other at 16:00-17:00 in the afternoon. The two thirds of the volume of water in each aquavarium was changed twice a week. The water quality in the experiment was as follows: average water temperature 20±2 ̊C, DO˃5 mg/L,  6.5-7.5. The amount of feeding was adjusted according to BW measurement every 15 days. After 56 days rearing experiment, the weights were measured.
Specific growth rate (SGR) % = 100 × (Ln(average terminal BW)- Ln(Average initial BW)/Test days). Feed conversion rate (FCR%) = weight gain/ feed consumption;
SPSS (version 16.0) software Duncan’s multiple range tests to determine the differences between groups. All the results were expressed as means±standard error (SE).

Results 

The final average weight, specific growth rate (SGR) and feed conversion rate (FCR) of fish larvae fed on different diets were as shown in Table 1.  It was shown that feeding  of Rheum palmatum extracts had reduced the FCR.  Also with increasing anthraquinone extracts supplementation dose there was increase in SGR. Although the increasing in SGR was not significant but significant decrease in FCR can indicate the effect of anthraquinone extracts from R.palmatum on growth of Rutilus frisii kutum.


	Anthraquinone
extract level
(%)
	Initial average
weight
(g)
	Final
average
weight (g)
	Specific
growth
rate  (SGR) (%)
	Feed conversion rate (FCR)

	0
	6.86±0.02
	16.59±0.14
	1.60±0.01
	1.59±0.01a

	1.5
	6.7±0.08
	16.78±0.02
	1.62±0.02
	1.43±0.02b

	1.0
	6.72±0.07
	17.02±0.14
	1.65±0.01
	1.39±0.03b

	2.0
	6.81±0.23
	17.28±0.65
	1.67±0.06
	1.42±0.02b




Discussion

Two important processes for growth are anabolism (building molecules and new tissue) and catabolism (breaking down of molecules and old tissue). Together with the biochemical processes required for maintenance of body, locomotion, and other activates, these processes are collectivity termed as metabolism. Confidently, environmental factors can have great role on growth fish. Indeed, the co-influence of two factors, feeding level and temperature, plays a dominant role in determining fish growth rate (23). In the presence of environmental stress such as low dissolved oxygen, high temperature, high ammonia (24) and high or low salinities (25,26) the ability of organisms to maintain its internal environment is reduced (27). Stress can reduce growth by increasing energy demands. Therefore factors that reduce stress can improve growth. The results of  this study showed that Rheum palmatum had significant effect on FCR. This could be due to reduction of stress. Generally, R. palmatum have anthraquinones derivatives (emodin, aloe-emodin and rhein) are the main effective components (28).  These have effect in controlling blood cortisol. It has been shown that blood cortisol levels of common carp under stressfull conditions was reduced after feeding it on  2% anthraquinone extract of rheum officinale (21).. Also their mortality rate caused by viral attacks was reduced (21). 

It has been demonstrated that R. palmatum could be having  direct effect on growth. Direct effects of rhubarb on growth could be due to it’s effect on gastrointestinal tract. The major active components of R.palmatum are hydroxyanthraquinones (29). These active components, including rhein, emodin, aloe-emodin and chrysophanol are laxatives (30). All the three test doses (0.5%, 1.0% 2.0% ) of the extract  had significant effect on FRC. Similarly, there was non-signifcant increase of SGR with increasing dose of anthraquinone extract. This implied that enthraquinone extract from R.palmatum had a positive effect on growth of Rutilus frisii kutum. Further studies need to be done to assesss the effect upon increasing the dose beyond 2%. However,  increasing dose of anthraquinone extract  beyond a certain dose level could decrease growth rate because of laxative effect of rhubarb. In mammals it has shown that anthraquinones have purgative action and predominantly act on large intestine motility after their degradation by colonic microorganisms (31). They also stimulate the chloride and water secretion into the intestinal lumen (32).  Besides, they have been proved to have cytotoxic effect. A large consumption of them can cause severe irritation of gastrointestinal tract (33).  Overdose of R. palmatum anthraquinones extract could cause imbalance of bacterial population in common carp intestine (34).
[bookmark: 4i7ojhp] Another factor that could be causing increased growth rate could be due increased feed intake by the fish due to the good taste of the feed brought about by R. palmatum supplementation. .In conclusion. 0.5%, 1% and 2% anthraquinone extract from Rheum palmatum could be added to the basal diet of Rutilus frisii kutum because it could improve the growth of the fish.. 
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